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{0bs9qdstg 309dedo dglmeos 30MHMIYEIMOMEMAo0l 0bLEGHOGHWEOL 72-9
dsobob bodgEboghH™m Lglosby dmbidgbowo dmbligbgdgdo, dodwzbowo 30EMH™IYEJMOHMEIM-
300Ld 5 93 MYOoL 959G YOO 3MIMIEGIGO0LHET0. Tglsdsdolo LEs@H0gdo Jm39dv)-
o5 9999 LsAgEbogMH™m  FJodosMHMMEgdsms Bobgz0m: 39BHIMOMEMY0s, J0TdE M-

WMY0d,  SMMIGBHIMOMEMY0,  30OMEWMA0S,  3e0TdBHOL (33000 gds,  896906M030
39699l sd0bdMMgds.

360900 29639036005 29MB0DBOIME, 4gMYMIBOIE S 93MEMYoME d93609M9050
bbgoolbgs sMado 8mddsgg 3936096M900Ls s 13g305EOLEIOOLIMZOL, TogoLEBMIBEHJOOLS
5 MJBHMOMBEHGO0LIMZ0L.

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

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

B nacrosmmii cOOpHUK BKJIIOYEHBI TEKCTHI JOKJIAA0B, 3acIylIaHHBIX Ha 72-oif Maiickoi
Hayunoit Ceccun MHctutyTa I'mapomereoponoruu, NOCBAIEHHON aKTyalbHbIM IpoOjemMaM TuJpo-
METEOPOJIOTUH U IKO0IOrHH. COOTBETCTBYIOIINE CTAThU JAHbI IO CJIEAYIOIINUM HAay4YHbIM HalpaBJICHU-
SM: METEOPOJIOTHsl, KIIMMAaTOJIOTHs, arpOMETEOPOJIOTHs, TUIPOJIOTHs], U3BMEHEHUE KIIMMara, 3arpsi3He-
HUE IPUPOJHOUN Cpebl.

COopHUK TIpeAHa3HaYeH JJII YYCHBIX U CIICHUATUCTOB, pa0OTAIOMUX B PA3IMYHBIX 00JACTIX
reo(pU3NYECcKHX, reorpaMuecKux U 3KOJOrMYECKUX HayK, MarUCTPaHTOB U JJOKTOPAHTOB.
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UDC: 551.482.215.3
Long-term trends in peak discharge rates of major floods in the rivers of Western Georgia. Basilashvili Ts.Z., Pipia
M.G., Arutiniani N.E. Transactions IHM, GTU. -2025. -vol.136. -pp.07-15. - Georg., Summ. Georg., Eng.Rus.
Based on 61-92 years of observation data from 29 major hydrological checkpoints across Western Georgia,
this study identifies trends in the annual changes of peak flood discharges. Linear approximation equations for these
trends have been determined, providing essential parameters that hold both practical and predictive value. These
findings are crucial for use in the planning and design of existing and future river structures and coastal zone devel-
opments, as well as for forecasting potentially hazardous hydrological events.

YIK: 551.482.215.3

MHoroJieTHsisi IMHAMHKA MAaKCHMAJIbHBIX pPacX0J0B HAu0OJBIIMX NABOAKOB Ha pekax 3amaaHoil I'pysum.
Bacwnamsumu 11.3., [Tumms M.I., Apytiorsa H.O. C6. Tpymos UTM I'TVY. - 2025. — tom 136. - ¢. 07-15. - I'py3.; Pes:
I'pys., Anra., Pyc.

Ha 29 ocHOBHBIX T'HIPOIOTHYECKUX NOCTAaX peK 3amagHoi ['pysun, mo mauusiM 61-92 neTHUX HAGIIOAEHU,
COCTaBJI€HBI TPEH[bI €XETrOJHBIX M3MEHEHUM MaKCHMaTbHBIX PACXOJOB HaubOJNBIINX NMAaBOLKOB M OIpeJeeHBl UX
COOTBETCTBYIOI[ME YPaBHEHU II0 JIMHEHHOM annpokcuManuu. [losydeHne ux napaMeTpos, O4eHb aKTyaIbHO U UMeeT
IIPaKTUYeCKYIO I[eHHOCTh, TaK KaK, UX IPeLyCMOTPEHNE MMeeT BaXKHOe 3HaUYeHUe IIPU IIAHUPOBAHUU U IIPOEKTUPO-
BaHUU CYILIECTBYIOMINX X HOBBIX CTPOEHUI, HAXOAAIIMECS Ha PeKax U B MPUOPEKHBIX 30HAX, a TAKXKe B IIeJIAX IIPOTHO-
3MPOBAHUA U IIPeJOTBPALIeHNUA ONMACHBIX TUAPOJIOTUYECKUX SIBICHUM.
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The parameters characterizing the average annual discharge of rivers in Eastern Georgia have been updated

based on additional data from 22 hydrological monitoring stations, incorporating observations over the past 33 years
up to 2024. These parameters, refined through statistical analysis of empirical time series spanning 60 to 97 years, are
recommended for use in both scientific and practical applications.
Their consideration is essential for accurate water management calculations on rivers and in adjacent coastal zones,
for the technical and economic justification of hydrotechnical and other infrastructure projects, and for the effective
utilization of current water resources. Additionally, they provide a basis for planning preventive measures against
potential negative consequences in the event of future water shortages.
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OG6HOB/IEHHBIE TAPAMETPhI CPELHErOZOBEIX PacxXomoB Boxgsl pek Bocrounoii I'pysuu. Bacumamsunu I1.3. C6. Tpynos
UTMTITYVY. - 2025. — Tom 136. - €. 16-22. - I'py3.; Pe3: I'py3., Auri., Pyc.

Ha 22 rugpocTtBopax moctoB pex Boctounoii I'pysun 0GHOBIEHBI XapaKTepHbIe ITapaMeTpPhl CPeLHEeTOOBBIX
PacxonoB BOJBI ¢ ZoOaBIeHHEM CylLIeCTBYIONUIMX 3a ocaefHue 33 roga HabmogeHuit 1o 2024 roga. YTouHEHHBIE OTH
IrapaMeTpsl I0 CTaTHCTUYeCKoMy aHanusy 60-97 jneTHHX SMIMPUYECKUX PALOB JAHHBIX, 1[€1€CO00PasHO IIPesyCcMOT-
PeTh KaK B Hay4YHBIX, TaK U B XO3AWCTBEHHBIX U IIPOEKTHBIX OPraHU3AIUAX, YTOOB! IIPABUIBHO BECTH BOJOX03SIHCTBE H-
HbIe PaCYETHI A1 O0OCHOBAHYS TEXHUKO-DKOHOMUYIECKUX II0Ka3aTeslell THAPOTEXHUIECKUX U APYTHX CTPOEHUIA, pac-
IIOJIOXKEHHBIX Ha PeKax U B IPUOPEXHBIX 30HAX, a TakXe i 3¢ GeKTHBHOTO KCIIOIb30BAHI CYIIeCTBYIONIIX BOAHBIX
pecypc0B peK H B HepCHeKTI/IBe, HPI/I HX HeJZOCTATOYHOCTH, BO I/I36e)KaHI/Ie HeraTHuBHBIX peBy}IBTaTOB, HpOBeCTI/I Hy}K-
HBbIe HPEBeHI.[I/IaJH)HBIe MepOHpI/IHTI/IH.
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The Importance of Information Communications for Natural Disasters Management
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Institute of Hydrometeorology, Georgian Technical University
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Resume. In the context of global warming, catastrophic events have become considerably more frequent. This phe-
nomenon is closely linked to scientific and technological advancements, which are a consequence of human economic
activity. Additionally, it is associated with the disruption of established societal relationships, which arise from the en-
croachment of society on the natural environment. Notably, most natural disasters occur in mountainous regions, under-
scoring the paramount importance of sustainable development in these regions.

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

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

Keywords: natural disaster, catastrophe, crisis communication.

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

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

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

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

1. Preliminary Flood and Flash Flood Risk Assessment.

2. Flood and Flash Flood Hazard and Risk Maps.

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

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

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

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

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

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

Fig. 2 Ninoshvili. www.guriismoambe, Guria

Research methodology. During emergencies, it is crucial for the sender of a message to ensure its intended
communication medium, audience, and clarity. The message should provide specific and adequate information, be
synchronized with other disseminated information, and be accessible to the general public. [2014, FEMA]

24



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

In the United States, the Federal Emergency Management Agency’s training manual [2014, FEMA] outlines
four essential forms of communication during emergencies:

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

. Broadcast media - television, radio;

. Internet/social media.

Personal Communication

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

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

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

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

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

Geographic information systems (GIS) facilitate the mapping of disaster zones, monitoring resource movements,
and forecasting the dissemination of wildfires or hazardous substances. (Fig. 3) [2024, Network Innovations,].

Nat cat loss events 2024
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0 May, Unite S
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Fig. 3. 2024, natural disasters caused losses of 320 billion US dollars worldwide
(Source: Munich Re, NatCatSERVICE, 2025)

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

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

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

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

U SIS EUEEREY New dossier x B

DATA o REGIONS o

Fig. 5. Interactive Swiss Joint Information Platform Screenshot - The interactive Swiss Joint Information Platform
Ppresents a map displaying real-time snow depth for a customizable time interval. Additionally, it forecasts snow depth
at various elevations within hydrological catchments. [GIN, 2024].

26



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

It is noteworthy that the widespread distribution of mobile phones has significantly enhanced their role in dis-
seminating information during emergencies. Mobile notifications enable instantaneous communication with the in-
tended audience, even when they are not actively utilizing social media or email. The concept of push notifications
effectively mitigates delays arising from various circumstances. Cellular broadcast-based messages facilitate the simul-
taneous transmission to multiple devices. [2021, 2025 Osorno S. , Wilkerson K].

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

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

* Crisis Communication

+ Operational Crisis Communication
+ Strategic Crisis Communication

+ Crisis Management Team (CMT)

+ Crisis Communication Team (CCT)
+ Crisis Communication Framework

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

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

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

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

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

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

2. Ensure accuracy by meticulously verifying all facts.

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

4. Prioritize public safety above all else.

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

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

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

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

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

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

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

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

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

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

sive and optimal information within the disaster zone necessitates the expertise of both scientific and practical spe-
cialists in managing natural disasters. Furthermore, effective communication with the local population is equally im-
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portant. The communication approach should be non-aggressive and strategically designed to guide the dissemination
of information about the impending disaster in a manner that minimizes negative consequences.
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3HaveHue HHPOPMANMOHHBIX KOMMYHUKAIU 11 ynpaBiaeHus cruxuiinbivu 6excreusimu/ C. Toprumkanunse, T
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Ha ¢done rino6aapHOr0 MOTEIICHHUS B MUPE 3HAYUTEIBHO YUACTHIIMCH KATACTPO(PUUCCKUE SBICHUSI. DTO CBSI3aHO
C HAYYHO-TEXHUYECKUM MPOTPECCOM, KOTOPHIH SIBISIETCSA PE3YJIbTATOM XO3SHCTBEHHON NESATENILHOCTH YeloBeKa. Takke —
C HapYIICHHEM HallA)KCHHBIX B3aMMOCBs3CH, BBI3BAHHBIX BTOPXKEHHEM OOIIECTBA B MPHUPOJHYIO Cpely. BombIIMHCTBO
CTUXUIHBIX OCJCTBUI MPOUCXOJUT B TOPHBIX PETHOHAX, YTO JICTACT OCOOCHHO BaXKHBIM OOECICUCHHE YCTOWYMBOTO pas-
BUTHSI OTUX TEPPUTOPHIA.

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

Bo Bpems Haganma cTUXHUHAHOTO OEICTBHS M YK€ MPOU3OMICIIINX MPOIECCOB 0COOEHHO BAaYKHO OTOBEIIEHUE U
uHpopmupoBanue. [IpenynpexxnaeHne HadMHAETCS TOTHA, KOTAa 3aHUKCHpPOBaHA yrpo3a BO3MOXKHOW MPHUPOIHOH Kata-
ctpo¢sl. [ToaTomy MHDOPMALMOHHOW KOMMYHHKAIIMK B MPOLECCE YIPABICHHS CTUXHUUHBIMU SIBICHUSIMU MIPUAAETCS 0CO-
6oe¢ 3nayenue. [IpoduakTiHka U MPEIOTBPAICHHE OCIOKHCHHI HAMPSIMYIO CBSI3aHbI ¢ KOMMYHHKAIIUCH U OTNIEPaTHBHBIM
pacnpocTpaHeHueM HHPpOpManuu. BaxxHo, YTOOBI ¢ UCMIOJIb30BAHHEM PA3JIMYHBIX KAHAJIOB CBA3M WHGOPMAIUS O TOM WA
UHOM SIBJICHUHU CBOCBpeMeHHO aoxoauiaa g0 KaxKaoro rpamnaHHHa, lITO6I:»I Hpe}lOTBpaTI/ITI) BO3MOJXHBIC HCIaTUBHBIC I10-
CJIC/ICTBUSL.
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30062560890 b59mbsgbols o sheromMo gobsforgds 30m3gbEgddo. (5bG. 2).
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3900929%0. 439s ®30bM30L 93 FGNMPOM Es305685MG0TJm . 0MGOL BsBMBIEIBOL Toysfaom@o
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39050996mdgd0. J390mm ImEgdmwo 3bwowosh (gbM. 1) BsbL, MGmId 1964-1994 (iemgddo Rsdmbowgbo
056300l mgz9do dobodogry®mos 3,56 %, 8909y 3OM3E90GMo fowo msbsmsbmdom 0BMHEIds s 0s30L
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05696900m 6oL HoMdmpaqbowo. gbMowol bysgmdzgubg 9wgagbowos gMsx3030, Lowsg sBg3g bsmwrs
3Bobl dbogdms 33woEgds, LydwSEIM, OEOLO s FE0MgLo bodxgdos. (Bsb. 1)

gb®ogo Ne 1. 3. 0mMo - bmg. wgemgsbo F= 494 306% 1964-1994 G
L58w95e0003099M0 fyeols bs@rxo, 3/50 494 (3s69dal ghezbeero bssggbde)

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

3 &
1964 376 | 393 | 850 | 132 | 198 | 252 | 138 | 107 | 153 | 106 | 826 | 845 | 118
1965 571 | 418 | 112 | 188 | 171 | 219 | 177 | 809 | 6.44 | 542 | 338 | 3.03 | 102
1966 356 | 3.08 | 332 | 112 | 201 | 111 | 62 | 404 | 453 | 3.43 | 298 | 231 | 632
1967 194 | 185 | 350 | 140 | 13.1 | 123 | 104 | 829 | 178 | 101 | 125 | 110 | 9.73
1968 558 | 636 | 205 | 270 | 252 | 234 | 144 | 137 | 896 | 791 | 761 | 530 | 138
1969 451 | 482 | 962 | 202 | 252 | 107 | 854 | 7.06 | 573 | 7.03 | 545 | 556 | 954
1970 383 | 596 | 919 | 139 | 126 | 138 | 7.46 | 124 | 739 | 926 | 498 | 553 | 8386
1971 464 | 424 | 876 | 158 | 260 | 230 | 107 | 925 | 920 | 7.09 | 678 | 725 | 111
1972 616 | 612 | 771 | 158 | 184 | 185 | 972 | 699 | 103 | 106 | 8.17 | 6.14 | 10.4
1973 520 | 572 | 848 | 238 | 192 | 267 | 312 | 112 | 792 | 713 | 102 | 729 | 137
1974 560 | 568 | 147 | 196 | 387 | 194 | 160 | 108 | 152 | 525 | 428 | 392 | 133
1975 360 | 398 | 105 | 302 | 249 | 137 | 676 | 482 | 486 | 101 | 7.29 | 567 | 105
1976 534 | 520 | 995 | 316 | 650 | 288 | 161 | 130 | 11.1 | 134 | 117 | 109 | 185
1977 783 | 940 | 140 | 272 | 21.1 | 302 | 203 | 857 | 779 | 11.0 | 546 | 494 | 140
1978 410 | 565 | 196 | 351 | 45.1 | 27.4 | 157 | 145 | 7.92 | 698 | 635 | 566 | 162
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1979 6.17 | 6.72 | 7.81 15.3 14.4 | 20.0 143 | 939 | 633 | 571 | 7.12 | 5.05 9.86
1980 449 | 456 | 922 | 294 | 257 146 | 457 | 416 | 3.27 | 437 | 3.65 | 3.32 9.28
1981 3.01 3.00 | 469 | 734 | 205 18.7 15.4 116 | 5.67 | 480 | 422 | 3.41 8.53
1982 3.09 | 297 | 3.80 11.7 | 213 19.8 18.2 16.0 | 9.15 | 6.06 | 5.53 | 3.98 10.1
1983 3.72 | 375 | 5.50 11.0 15.1 180 | 930 | 9.31 188 | 11.1 | 139 | 11.1 10.9
1984 799 | 5.39 149 | 345 353 195 | 19.10 | 103 | 5.63 | 4.75 | 3.28
1985 325 | 38 | 958 | 215 | 212 13.3 11.0 | 9.21 10.1 | 8.02 | 8.12 | 6.59 10.5
1986 322 | 332 | 7.80 17.4 19.8 168 | 963 | 626 | 478 | 454 | 6.42 | 4.13 8.68
1987 445 | 6.04 | 941 33.6 | 52.0 | 293 112 | 3.70 | 494 | 5.16 | 7.47 | 5.81 14.4
1988 545 | 5.30 113 | 342 | 271 21.3 12.0 102 | 7.82 | 11.2 | 149 | 10.7 14.3
1989 850 | 7.21 11.1 13.8 | 9.72 11.0 | 695 | 687 | 640 | 833 | 7.90 | 6.45 8.69
1990 440 | 4.32 102 | 224 | 217 14.7 10.5 104 | 999 | 6.64 | 9.69 | 7.90 11.1
1991 5.38 | 5.36 125 | 21.6 | 205 199 | 955 | 548 | 491 | 5.65 | 6.48 | 4.63 10.2
1992 450 | 470 | 6.82 17.8 19.7 | 24.6 13.8 125 | 108 | 9.81 | 5.48 | 5.50 11.3
1993 526 | 5.67 | 6.94 128 | 7.95 14.4 114 | 792 | 573 | 3.63 | 2.09 | 1.60 7.12
1994 1.76 1.68 | 2.19 13.1 7.03 | 254 | 202 | 812 | 3.67 | 1.85 | 1.57 | 1.50 3.92
Lodwgoerm 4.71 484 | 946 | 205 | 23.6 18.8 124 | 947 | 849 | 735 | 693 | 5.74 10.9
MEOEYLO 850 | 940 | 205 | 35.1 65.0 | 302 | 31.2 19.1 188 | 134 | 149 | 11.10 185
d3oMgLo 1.76 168 | 219 | 734 | 7.03 | 254 | 202 | 370 | 3.27 | 1.85 | 1.57 | 1.50 3.92
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6ob. 1. 3. 0mHo - bmg. gem3zsbo fgeol ba®xo, bLydsgm, MEoEILO ©s wIEoMHgLO 3039000,
1964-1994 §5§;

90656y 0mMol Bs3Mbsgbols Gogsfieron® obsforgdsl LyBmbgdol dobggzom dgdgao Lsbg o43u,
MOmIgoi 8m3gdeo sbabwos boer 2-8o. 1964-1994 {iewgdol Lodmosem Imbo3gdgdom  dsBogbmeols
396000mdo dmEol dmgwo Bsdmbogbol 64,07 %, Gog Lsdmowm dmbs3gdgdl 6-x96 50gdsGHgds s Jmgwo
B53MBsgbol momgdols 2/3-0s. Mg 8ggbgds Fysarmbg Faarl (1976 §) o Bogbmywmol 3g@momebg dmeob 68,20 %
@5 §95c8306H™md0L Fgab (1968 §) 66,6 %. [2000. B. dgbbos, 1995 3. 30505, 2000. 3. 303505, CIpaBOYHUK IIO
BOIHBIM pecypcam. 1935]
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3b®0o 2. 3. 0ol Fsdmbsgbols sbsfomgds igbmbgdol dobgpzom (faerom®mo Bs8mbswgbol %-do)

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

fgoebgmdols 68.20 10.85 11.30 9.65 100 185
1976

Bgodzo®mdols 66.60 13.66 9.36 10.38 100 3.92
1968

©dli3gbs. ymzgwogzg 9dgsb  godmdobsty Mbs 930bodbmm, GMI Bsdmbsgbol  doysfiwrow®
296500 gdsl doMmomso 360d3bgwmds 5J3lb Fywolb MglmyMLgdol asdmyqbgdol sygadolmzgol. doomdgEgl
LG 339936 LoMbobL {goelioEego, Losg Tgodwgds BorbmEol 3gMmomEdo ¥bgo hsdmbswgbols oammgzgds
©> 099093 39305Bmdogho oo  sdmyggbgds  [gowdEo®mmdol  3gMomdo, MmamGE  9bgMagEHo3oL
035bsBOOLOM 55939 MBOEOLOL [yseliogegobmzgol (Mool Br3s) 3vdogo mbol dglobseBmbgdes©
396L53MNMYdom ImOfjyz0L 39MH0Mm©To. gi 30 MEBsTgEMM3g 93mbmdozmo Mol 0bozBm®do JMHmgOHMO
MB0o3MgLbo  3OML3gL0S, Mgwoa J399bol  BEYMOEMBLL 3093 MBOM  55F50MIdL O 96530056 gBL.
09ocmFo653930L Lol gdgdo J3gybolmzol 30 930w gdgwo [obsdoMmmdss IoEOHMEMAOMEmO 3O MEJLgdOL
LfmOg Fom30LmM30L.
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UDC: 551.556.5
Intraannual distribution of the Iori River runoff. G. Pipia, S. Gorgijanidze, G. Grigolia, Z. Gulashvili, T. Chitadze.
Transactions IHM, GTU. -2025. -vol.136. -pp.30-34. - Georg., Summ. Georg., Eng.Rus.

The annual distribution of runoff is related to many factors. Climatic conditions are distinguished from all
natural processes. Specifically, the annual distribution of precipitation and air temperature. Most importantly, the size
and configuration of the basin should be taken into account. The anthropogenic factor also plays a role in the annual
distribution of runoff. The importance of runoff in the economy and agriculture is great, especially for eastern Geor-
gia, where the Iori River plays an important role. For the annual distribution of runoff, we took actual data on the
costs at the Lelovani station (1964-1994). The time of the beginning of the spring flood and the peak of the period

33



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

were outlined on the cost fluctuation graph. We developed methods for determining costs. The annual distribution of
the Iori River runoff for 1964-1994 was recorded, as well as the percentages of water abundance (1976) and water
scarcity (1968). All this is important for the sustainable development of the country's water supply.

YIK: 551.556.5
BuytpurozgoBoe pacupezenenue croka peku Hopu. I'. [Tunus, C. I'oprumxanugze, I'. I'puroymms, 3. I'yxamsunu, T.
Yuragze/C6. Tpymos UTM I'TY. - 2025. — Tom 136. - ¢.30-34. - I'pys.; Pe3: I'pys., Anri., Pyc.

l'omoBoe pacmpezeseHne CTOKa CBA3aHO CO MHOTMMHU dakTopaMu. KinMaTtnyeckue ycioBuA OTIMYAIOTCA OT
BCeX IIPUPOIHBIX IIpoueccoB. B yacTHOCTH, rofloBoe pacipezesieHre OCafKOB M TeMIIepaTypsl Bo3gyxa. Camoe IiaB-
HOe, YTO CIeflyeT YIUTHIBATh, — JTO pa3Mep U KoHurypauus GacceifHa. AHTpOIOTeHHbIe (PaKTOPBI TAKXKE UTPAIOT
POJIb B TOZOBOM pacIIpefieIeHUU CTOKA. JHAUYeHUEe CTOKA B 9KOHOMUKE U CeJTbCKOM XO3IHCTBE BEJIUKO, OCOOEHHO A
Bocrounoit I'pysuu, rae mporekaet p. Mopu urpaer BaxxHyIo posib. [l BHYTPUTOLOBOTO pacIpemeleHusA CTOKa OBLIH
B3ATHI paKTUUeCKue JaHHbIe II0 CTOKY co craHiuu JlemoBauu (1964-1994 rr.). I'padux xomebaHuil CTOKA IOKA3bIBAET
HayYaJIo BECEHHETO II0JIOBOAbA U BpeMdA ero Iuka. Hamu pa3pabGoTaHbI MeTOABI OIpezeeHus 3aTpar. beuro sadukcu-
POBaHO rozioBoe pacnpezenenue croka peku Mopu 3a 1964-1994 rozsl, a TakxKe IPOLEHTHOE COOTHOLIEHUE BOJHOCTHU
(1976 rorx) u Boguoctu (1968 rox). Bee aT0 BaykHO IS yCTOMYNBOTO PasBUTHUS BOLOCHAGKEHISI CTPAHEL.
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UDC:556

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

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

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

YIK:556

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

B I'py3uu 3a nmocnenHee necATUIETHE YBEIHYMIOCh CTPOUTEIBCTBO PA3IMYHBIX THIPOTEXHHUECKUX COOPYKEHUH U ypOa-
HUCTHYCCKOEC Pa3BUTHUE T'OPOIOB. Hreinemnune TCHACHIHWHU IMO3BOJIAOT MPEAIIOJIaraTrb, 4YTO 3TOT MPOUECC TPOJOJIKUTCA U B
ommwkaiimiem OyaynieM. VIMEHHO CTPOMTENBCTBO M 3KCILTyaTalys THAPOTEXHUIECKUX COOPY)KEHUH BBI3BIBACT M3MEHEHUE
BOJIHOTO TOTOKA PEK M TBEPAOTO CTOKA, CIEJOBATEIFHO, OKAa3BIBACT BIUSHHE HAa PYCIOBBIE MPOIECCH. JDTO MOTYT OBITh
HeOOoJIbIINE BO/I03a00OPHBIE COOPYIKEHHUS, B OCHOBHOM XapaKTepHbIe s AepuBalMoHHBIX ['DC, coopyKeHus ¢ BOJOXpa-
HWJIMIIAMH, OeperoyKpenuTeIbHble KOHCTPYKINH, a TAKKe BRIIPSIMIICHHE pycell, YIiIyOuTelbHble paboThl, IpeHax, CTpo-
UTEJBCTBO MOCTOBBIX NEPEXOA0B M Apyroe. ['py3nusi — ropHas crpaHa, IJie pyCJIOBbIE MPOLECCH OTIMYAIOTCS 0COOBIMHU
yepramu. [IpoBeneHne BOIOXO03SMCTBEHHBIX MEPOIPUATHI HE00X0IMMO. be3 HUX HEBO3MOXKHO pa3BUTHE CTPAHbI, II0ATO-
MY aKTyaJIbHOIM CTaHOBHTCS 3aj1a4a JETAILHOTO M3YUYEHHs PYCJIOBBIX MPOLIECCOB, YTO BKIIOYACT B CeOsl: MACHTHU()HUKALINIO
€CTCCTBCHHBIX W aHTPOIIOT€HHBIX q)aKTOpOB PYCIOBBIX MPOIECCCOB, ONPECACICHUC J3TAIIOB PAa3sBUTUA U HX PI3M€HeHPIﬁ,
000CHOBaHNE TIPEeEIbHBIX 3HAUYCHUI, ONpe/ieleHHe HeoOpaTUMBIX W3MEHEHHH pycell peK, BOMPOCH MX CTAOWIM3aluU U
JIpYTHU€ aClEeKThI.
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UAC 551.583
Climatic regularities of the spatiotemporal distribution of temperature and precipitation in the Kvemo Kartli
region. Elizbarashvili E., Pipia M., Elizbarashvili Sh., Beglarashvili N., Diasamidze Ts., Samukashvili R., Chelidze N.,
Shavishvili N. / Collection of works of the Institute of Meteorology of the State University of Georgia-2025.-Vol.136.-Pg.
38-45. -Kart., Res. Kart., Engl., Rus.

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

VK 551.583

KnuMaTmyeckne 3aKOHOMEPHOCTH IIPOCTPAHCTBEHHO-BPEMEHHOTO pacIIpefieleHHs. TeMIEepPaTypsl M OCafiKOB B
peruone Ksemo Kaprmm. Dinusbapamsumiu 3., [Tunua M., Dausbapaursuwin 1., bermapamsuau H., Juacamugze 11,
Camyxamunu P., Yeruzaze H., Iasumsuau H./ Céopuux tpymos I'TY XMI-2025.-T.136.-C. 38-45. -Kapr., Pes.
I'pysunCcKuit, aHTTUICKUI, PyCCKUH.

VccnemoBaHs! KIMMaTHYeCKHE 3aKOHOMEPHOCTH IIPOCTPAHCTBEHHO-BPEMEHHOTO PacIIpe/ie/IeHIs TeMIIEPaTy-

psl 1 ocazkoB Ha Teppuropuu Ksemo Kapriau. OueHeHs! rpafireHTsl U3MEHEHMs TeMIIEPATyPhl U KOJINIeCTBA OCALKOB
C BBICOTOM, YCTAHOBJIEHA TeHEHIINA YMEHBIIEHUA KOJIMYeCTBA OCAZKOB C POCTOM TeMIlepaTypsl. Pacmpenenenue Tem-
neparyp Ha Teppuropuu Ksemo Kapriu umeer xonTpacTHsril xapakrep. CaMblil XOJIOAHBIM MeCsL, — SHBapb, CaMble
TeIlIble MeCSIBI — HIoIb-aBrycT. CaMsle BBICOKHE TeMIeparyps! 3adukcrupoBansl B bonruucu u I'apmabanu, a camsle
Huskue — B [laznke, 103TOMy OCHOBHBIM (haKTOPOM H3MEHEHUS TeMIIEpaTyphl B pETHOHE ABISETCS BBICOTA.
s peruoHa BooOIe He XapaKTepHO OGHIBHOE KOJIMYECTBO OCafKOB. B TeyeHue rofa Hanbossliee KOIUIECTBO OCAT -
KOB BbImafaerT B ropuHoii 3oHe (Terpuuxapu, llamka, Manriucu), roe cymma ocagkos mpessimaer 700 MM, a Ham-
MeHblllee — B HU3MeHHO# 30He (I'apmab6anu, Mapreyinu, bonrxucu), rge cymma ocagkos cocrasiager okouo 400-500
MM. MakcuMalbHOe TOLOBOe KOJIMYECTBO OCALKOB 37leCh HAGIIOZAeTCA BECHOH WJIM JIETOM, & MUHUMAajabHOE — B
OCHOBHOM 3HMMOM.
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35OFBHMBoEolL 3MWGHMOL 3930399 039MgmOl MGYA0Mbol 53MM 30T G
30600md9d30 s IMbsgeErol 30mabmbo
3505 dga0sdg!, a0mMa0 dgesdgl, 1s95B0 3Mdsbody?
sdo®mnggarml gdbozmmo Mboggdlbodg@ol 30Mmdg@gmemmemyool obbEoEwEo

Lodo®omgzgemb Ggdbozm®o mboggdlo@g@ol ool datmeo 3ob30msmd0L B3N EHIGHO
m.meladze@gtu.ge

MH9Bomdg.  39OGHMBOEOL  3MWEHYOS  53MMI0ToBHO  30MMdJOOL  B0TIM 39RO 5I3EHOMIB0M
390m06MBg35, M55 0d¢rg3s LosEMmgm s boa3056m 3MMEMJ300l Joegdol oMy TgbodergdEmdsl. Ls3zwg30
AINOGHMMH0S - bmggeo sxs89m0 (B. Mmbosb 104 8) dgol 0dgMgmol s3MmM3Iodo@wmo Bmbadol I bmbsdo,
69903 3039IIds B, ©Mbosh 20-300 8 Lodsmergdey, LosE 9JGH0ME B9I3gMsGMEsMs X530 8950gbL
>4000°C, 5&3mbggmhmo bswgdgdol xsdo mdow 3gMmomedo - 600-1000 9. Ls399BO30M 3900M©ET0 LOMIMMO
MBOHMB39wymzol 3OMmabmbBol 3ModEolzmwo o8mygbgdol doBbom Fgygbowos GgaMaliool AsbEHMEgds.
9m3909wos  5BHIMLBYOHMEo Boagdgdol 10 s 90%-000 NBOHMB3gwymgs. 50bodbe  saM™3Er0doE M
3060mdgddo  93gbadgms  93035cGo  IgMolEYIoL  FgmmEol  s8mygbgdom  FowgdMEos  JoMEHMBOEIOL
3M@GHOOL  Looglerg Tobogms, bosg 0bxzgdgool Molzo s LsdodMMYds FodmMmOEbwyos. bEHIMOWMMO
310G B58Mogdsl 00939, G0300M™M OO MOMEIbMOOL 3969303 YMS© JMHMAZ5MM3560 LoMysgzo
dsbos. 996005 35MEHMB0OL Lo3OMYbMBM BMbsgEol MHYAMILOOL FobEmmgds.

155335630 LOGY39d0: 39MOGHMBOWOL 37 GHNM, 5JEHOVIOO BJIZIMSGHTOS, 5GTIMLBIOO boangdgdo, Jmbisgseol
36MH0abmbo

39Ls350.  39MOGHMBOWOL 3MYWEHOS GHBYM0sBo F3gbstgs, OHMIgEwoE Bo®swo 33930M0  VOMYd-
309800, s IM535¢nTHO0Z0 499MYgbgdom M0l FoMdmygboero. dobo Lsddmdem 395@MIwMMo s bsdbOgom
00960359, MILEPWIMIOM 0x0 J93MEILJIE0S s OfsMTMIds 10mMJIol Y3zgws §399obsdo. LodoGmzgwmdo
dobo §o0dmgds XIX Lsm3mbols dgmeg bsbgzr0sb 0fjygds s bsmgligdol 36083bgwmgzsbo bshogro 1000-1500 3
L0dsEBgs BLZoL EMbOsb.

39OGHMBOWO 53MMIW0T5GHOHO 30600900l 0TI 35MHR0 3ISEHOMIOOM FodmomBg3s. Jolo do03039d0L
196ME@MyomHo BoHBoL sHYgdol GHgd3gModwMmss 5-6°C, bmwm 563015690l MIEH0BowMHO HH9YI3gMo@EwIes
9900096L  13-15°C.  H™MamO3  953MH™IMEHMOHd0L  MIMegzeglemdolsm3zol,  39MEHMBOWOL  BmEmbobmgbol
m33G00oMo  39d3gMod s 89opqbl  20-25°C.  s0bodbmo  3gddgho@ Mol Bg300m  LybiBogds
RmGMLobmgBol 3Mm3gLo, GH1YBgOHOL Qobg0maMgdol 3gMom@do bogds dEgbsol ©s3bobgds-wssgogds s
LOdMEIMMEO P35S, S1gm0 Lobol FHdIMOL Lomgligng FobosE o0 A33M0Ygbhgds. BMIogMo 3e0TdoEol s
96056md0L 3063930 3oOGHMBOWO 0M0YS300L o093 0935 BrMlsgowl, MMAEs ImMfy3000 Mmbolidogds
96083690 m3b500 BO@OL Fmbsgmosbmdsl. GHvdgMgdol Foedmddbols 3GmEglbdo LoFoMmms 3-5 xqgMoo ImMfygs.
0605305 3obLo3MMMHGB0m Lo FoMMS DoxbTo, 300056 Bmbsdo dg@JMOHMELMY0MMHO J0HMdJdOL Jobgzom 2-
3-%x96M, borgwm ©sdEmd bmbgddo 4-5-x96.

Lodor390mb 5gMM3W0ToGHMMO 30MHMOJO0 S JSOGHMBOWOL 3MEEGHYIOOL ToVIWO 5Q3GS300L 1BsM0
00935 LooMmgm s Lsg3096m 3OM©dEool Fogdol 356y  BglodEgdEmdsl.  JsMEHMBowOL  X0dgdo
d0MEMROOHO @S  LsdgMMbgm  M30LYdYdOL  JobgEz0m  0gmxs Mmmb  ¥aMGBe: 1533900,  LabHY,
MB0ggMLOMHO @S LodoMbbg. 1533900 X0l  39OEMBOOLIMZOL IB0IZbgm3zs60s MbgzdMLogEr0sbmds,
39650 60309 J39d0L s 30Ol OO MomYbmMdo (4-4,5%) 90339 Mds. LR 39OEHMBOOL Kol
3bobos™MYBL Bo@owro 2q8w9MH0 M30L9d39d0. JoLO GHWYBIMGOO LOHYICYMBOEWO FMMTOLSS S bolinsMEIOS BITNOOL
39Mom©do 3500 dgbsbgol Mbsmoom. LoJodbby JsOEHMBoErol xodl  sHoLosMYdL  Lobsdgderol  Jowswro
3993390000 (5656530gd 18%), Lobsdgderol IMeg35¢ToM(33¢0056Mds s B30MEOL Towowo TMLOZEP0BMBS.
B6039MLOwMMO  390GHMB0OL x¥0do bolosmEYds Lobsdgdwol Fomswro 8339w Md0m, MoE bLETMoEgdal
0dg3s 358099693990 0gbsl LolmOLLMME S FHYJ603MO 49s3To39d0L5MZ0U.

Lodo390mb 53MM3E0ToE M 3060400 35MEHMBOEOL X¥0dgd0 L3939G30M 3gM0omEol dobgrpz0om
0ymxgs booE®mYM, LsdMsmm s boag05bm ¥0d9ds©. 39MGHMBOWOL MGl sH0sbgdgb Bs3bgdgdo o
5535090900, 9bg3g LoMg39egdo  5330MHgdg6 Tol  FMbdgowl. doMOMOEO 053693 gd0s:  35OEGHMBOWOL
BOAMBGHMOS, JNWMOHIE®ML bmim, Fogmwmws 30930, MOBMIEHMboMDBO, SeEHIMBIOO0MDBO. J5OGHMBOWOL
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ROAMGBAHMOS Yz9wsbg 3930300 ©s bydodo bem3masbo o535YBS. 030 0fi393L BMMEWJdOL F36MdLL,
3500 258539058 @5 BIMBL. ©93500gd0L 2ob30m0MGOOL M3BH0ToMHo J0oMMmddol Tgdmbggzsdo (Bsengdgdol

QOO M5MEIbMds, F505¢0 3Hb0sbMds) LoFoMmms Bomgligdol sdmdsgzgds 330Msdo ghmbgww, 36939600 - 10-
14 orgdo ghombgw. 3meMmEsmb bmiml 9900mbgqzsdo To@wgdo sH0sbgdgb 9;3965Mm0L BMmEgdL, WgMMIdL,
o3 LEdMEMm  ¥sddo 0f3g3L  Bmbogerol 933900Ms©  dgd30MgdsL.  3939BO300L  3gMom©To, 536900l
399mB960LmMsbs3g sbbgb 650gL0 BIMIMMBYBOL FMT539d5L 0BLYIEHOEF0WIO0M. SBsMAOMESE, Q98Mm0Ygbgds
3096990 gdo 0bbgd@oE0wgdo Bogzmyms F0gdol dgdmbggzsdo. bmzgm3zsb 3509090l dog3mabgds b3y
H0BmgBHMbombo, MMIgEog sH0sbgdlL I3gbsmol BgLliggdl, MIOHML, EBYMGOL. MO AsBIRLMWDBY, (303
B0ssd0 ©oMy30L 9gdmbgg3580, Mo MBOM bobamdwogos 003900l s9mEHbol 3MmEglo, dom dg@sw bogds
5B00bgds. 506036v90 Lemgmgzsbo 93500l Fobsomdgy ©93mdgbadwyeos 93gbstggdol ©sdBsggds
239620300 7000. 5eEIMOBIOOMBOL ©9350d0L Fgdmbggzsdo, dolo dwoghmo gobgzomMaMgdol Mmlb d3gbaty
00¢13905. dob §obsowdgy g99moygbgds MMmAmMGE 3MbR0E0Yd0, sbg3zg 39MHdOEOWIdO.

dotoomso  bsflomo. 0dgdgomol  Ggaombo  8gdsMgmdl  ©sbogwgm  LodoMmzggermdo. ol
8900bsbBOZOWO0s BOOOEMYmN0EL MoFol, LsdbMmgmosh dglbgmol, s0dmlsgergmoEsd wobol Jgwogdom,
L3 g0EE  dobstyg  3bgbobfiymom. gaombol BsMMMdO 6,5 sosbo  38%-05, 53 LodsBmzgurml
A900GH™Oool 9,2% 89596L.  GHgMHoGH™MOo0L  BLMmEMEGMMO Lodswerg dghygmdl 10-20 dg@®mosb 2862

39¢®9g (3963500  wgdgMeo).  009MgoolL  BgHo@GMMosby  JoMdmyqgbowos  momgdol  yzgws
WbdoxzGmHo Bmbs, braGom LBEBHMM303900s0 OFYJdIMEO s EI3YMHO BEYLMIO00 STMOZMYOIYO.
0396M9m0L BIO0GHMM0sDY Fobeoggdmos 00560 LoliEgdgdo s Bomo FobdEmgdgdo bgabgdom, dwodmgdom,
3939-50EMdJO00 O WMTs bgmdgdom. 0d9Mmgmol 3039 §oMImMoygbl 3mebgmol wsbdsn@mdo madol
g39wobyg oo  5dmMbogwge bBofowl, Gmdgmwog 3MEIwEIds 9. 3bgbolfgeol dgbstmogosb  J.
DgLGHoxzmbsdwy.

0996M90m0L  52MHM3E0dsGHMMo  MLOLYdO LT gdsl 0drgzs MO390 LEboL  sAMMIME GO
23930390 g00LsM30L.  49BLLZMMMIBOm bgwlisymgwos dmbiGbgmeo, dsMEgermgsbo, bgbowmgsbo s 35%Bol
3M0GOHJO0L  HomBmgdobsmgol. asdmdEobstg 04osh, OHMI  saMMIMEEGHMHYJOOL  BOHI-25630msMgOOL
393309 05650sMHI603369c0MmdOL BoJBHMMHGOL HoMTmoagbl Lobsmerg, Lomdm ©s GH9bo, gobgobowsgm
0000MJe Jomgobl. IHBoL 650gd0ol baby®mdeozmdol dsm35wolfjobgds Lszzwgsz Mgaombdo 860d36gwmgsbos
93MM3MEMMIOoL LFMOO A9bEsgd0Lsm3z0L. Mgaombdo dolo bobyMdwogmds (ban) 0do@Yol FoBogbrwosb
5 95Jb0dMAL  sMPg3L I39bsMIgMS 5dBH0MOMO 3929BOSEO00L drml. Fgdmeamdol bgbmbob 03egdl s
9060930 530JLoMEYds 056350T0. Mgaombdo 303 3gMHom©do, 31boi035¢0GHGJd0L Jobgwz00 Fgogbl 338-
569 Lo., bowm mdo 3gMomedo - 1014-1536 Lo. 50bodbmo d5B3969dgd0  ©s3530594MBOGdg0s
53MM3MGNMOJOOL Fo0o0 3HM©YJEH0MEMdoLsm30L.

L3393 Mga0mbdo 359M0ob Lsdwswm feom®mo GH9a39Ms@Ms 100 F-sb 1000 9 Lodowergdwy (Bo.
©Mbosb) FgMygmdl 9-15°C Lobeg™gddo. s0bodbmwo $Hgd3gms@Ms J3gdm o0dgMgodo 1-2°C-om dg@Eos
bg0m 08909006 FgsMgdom. gl aoblbgoggds  Lo39a9BOE0M  390H0Mm©T0  SOLIBOMSE 9O S0LObYDS
JoM33egero,  bgbowmgzsbo,  dmbGbgmwo,  gsBob s bbgs  3M@@GMMgool  25630000905%g.
399390s&mEoms 05839690 gd0sb  259m30bsty, 00gMgmol Mgaombol EHgMo@mmool MdgEabo bsfowro
bolosmEgds  BmdogMo Mdowo  3wods@Gom  (bsbggMe  GHgbosbo  LmdGHMM303w0), JoLO  EIBEMBO
Boffoero 30 ©399bsdg “obem3zgds LodsOmMZzgml 3H9bosh LwdEMmM303ww BMbsl.

dm39999 Mga0mbdo sGHIMLGBYOHIo Boergdgdol asbsfoergds 1539393930 39M0MET0  3MOMIBIdS-
405, 65¢0gdd0 ©5053059MmBoEdgos J3gdm 0dgMgomdo, Bgdm 0dgMgommeb 89sMgdom. Mol gsdmag od@o-
M0 3939393008 3900m©do  Imbsembgywos 9396sMgms  BOE-gob30maMgdol Tg8ghbgds, oMM
b 9bgds M3, dMLADIME s BoMBIME 3MEHNMIOL. Bowngdgdol JbgargEMmdol obsdozgs LgbBm-
Bgdol dobgz00 ®OomMJIol 0@YBEHNM0s, 2oblbgsg9dss MmOMmEgbmdado. 3gMdm, (303 39Momdo ©939d0-
Mol M306 MYdgM3ol Bosmzwom, Ubgs Lgbmbgdmsb Fgwsmgdom dg@0s, BoMGH0sd 03bolol Bosmg-
o b5¢0gdqdo doMHomss© Jgdmdl, 03wr0L-5330LEHMEb 0TsBHgol BmgddMol bsmgwom. bswrgdgdol
LodE30Mgs 53BN 393939300l  3gMom©do  (BglGoxgmbo, LsbbgMg). 3sw3gmE fergddo Fgbodegdgwos
030 300093 9IBRO® b530q00 500mbEgL. Mo 5MsLe3dsMm0oLos A5BLYINPMGdom ghMferosbo JMwEwegdo-
Lomgob.

35900l F9835MJd0mM0  Bgbosbmds  3600369m3sb MMl sbMHEgdl  saMMmIEGHHJdOL
3MMEMJBHOMw™mdSdo, 030 393agbsl  sbgbl  Igbsgms mGsbobddo  B0dobsty  domgdodow®
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30m39bgdbY. F9BIMEIVOMO  BHYB0s6MdOL 80-90% s TgBHol Fgdmbggzsdo, 939bseg oo MsmEgbmdom
03MmM390L odMmgdl, 0bLwobl, Lobsdgdgel s Lbgs BobToMfywadl. bmem Fo®dEHb0sbMmdolL (92-94% o
d9¢0) 990mbggzsdo xgMbEIds Y3530¢gd0L  ©IBGZIMZS, 003m30560 IJMWEHWMOIdOL LGwMwo Lodfoxgol
oMo, IMbogwol s50gds s bbgs. s0bodbmmo boby®mdwogo 359Mol Fo@dEHgbosbmds mdow 3gMomodo
o6 5mgBo@gdo  82-84%. 359M0L  F9x8sMEOIB0M0  GHYb0sbmdOL ©obsdozs T8I0 FoBogbmwosb o0yo
JoBemdl  5330LGHMI©Y, 9999y 03¢gdl F9dmEmIol dMEmIEY. s0bodbwwo FH9IbosbMdOL dodlodwdo
50330603905 03wobdo - 73-84%. mEgdMe G9MoGMmEm05Bg 35960l 995sMHEIO0m0 EJbosbmds LMEos©
03004mx0wgdl  gMofosbo s 8Megsferosbo 3G OHJBOL  ASB30000MHGOL s Toom  Bo@ow
36 GH0MOL.

0396MHgmol  Hgaombol  saMMm3E0doGMmo  MHgbMLYdol  Iggebigdobsmgol  [1]  ©sdM8sggdeo s

399Bo0Bgdmwo  0dbs  FMsgowfarosbo  FgEHIMOHMELWMAONOH 3300390505  BMbs3gdgd0  LogxagBOB30M
39600M©oLsm30L (3bGowo 1).

3bMogo 1. 099MHgomol Ggaombol JoG005EOo saMM3Eodsd Mo dsboliosmgdgdo mdow 3gMomedo

Bo90- 2JBHom® 5@0mbgggMmwo ng;j;)[g);;omo 9063m 30MOMmNYMH MO
b3pH0 @)38336)0@{3(?00)0 Bocngdgdol 5606d 3960Mm©Oob 3099530309630
%500 (>10°C) x5do (99) (%) bsbaMAogzmds Bo3)
@030 4300 670 72 278 1.5
3960 4330 680 74 278 1.5
Bodo®o 4330 600 72 250 1.4
LodBHMY0S 4470 750 77 284 1.6
LoBbgyg 3730 460 72 206 1.2
AYodweo 3700 1190 74 218 3.2
Dgo@BHadm 4500 990 75 253 2.2
JOomEo 4090 600 - 255 1.4
boM5g9@0 4090 730 73 245 1.7
bmbo 4410 1000 76 272 2.2

3b®owol dobgz0m, 93MmMIE0TsGHOH0 FobILOSMGOEGOOL Fo5bsoHIdOm oAb, BM™MI J390m
039690l doMo s Bgdm 0d9Mmgmob bafowo (B..-sb 300 3 Lodswergdy) bobiosmgds bobggtao Fgbosbo
LMBOBHMHM3037M0 BMbOL JWodsGHIMHO 30OHMIYPPOoM. 50bodbME 30MHMBYBTI0 Fglodergdgmos ghmferosbo -
9503300, dmbGbgMmo s dsmBgwo, 1939, IMogzsefherosbo bagbowmgsbo 3MwEHmEmgdOL FoMdmgds.
0935, PoLOmMZseolobgdgwos 30MOMMIMTMWo 3m9n030gbEHOL Fob3zgbgdgeo. vy 3mz 1.7-Bg bsgwrgdos,
Lo oMM bgds 605@ogol $Hgbosbmdol b, s3MmM39wEVMYOOL Fo®owo 3MHMEJEH0EMIOLIMZ0L.

33g30l  mdogdBHo s FgoMEMEIMyNs.  33wg30L  Mmd0gdBo, bmg. sxsdgmo  dgool  0dgMgool
3OHM30doGH Mo Bmbgdool I Bmbsdo, HmIgeroi ImoEsgl Jagdm 0dgMgmol 3sML s Bgdm 0dgMgmol ymMs3-

0Mm®(33006 500Gl Be. EMbosb 20-300 3 LodsgdY, LoWSE SJBAOMO BHJI3IMsGHWMsms xsdo 4000°C s
99¢09. 5GIMLBYOHMOo boergdgdol xsdo 303 39Momdo 8gogbl 640-830 99, mdow 3gMomedo - 600-1000 8.
dmmem §ogobggdo 500bodbgds Lodmswme 12-2.111, 306390 fogobggdo - 12-30.X1. »yobgm 3gMHomool mgms
Moabzo 895009966  251-274 gl (0653500 m®o  IgBHIMOHMEMA0MMO 53300390900l  dmbo3gdgdo
053998539005 Logdo®ol 9@ gm-boamMol dobggzom). 133w 935 dgMbgmEo 0ym IJsOEHMEBowol X0do
,»096(89”, LodoM™M39gwML FH9dbozm®o MboggMloEgEol dom@Egdbmmmyool 396Gl (5gbGH®MOL bgwrddwgsbgwo
360mg. 9.37bowwgodzoeo) in vitro Lobxs®ol dzgbsmgoms 3mwgd300sh, GMIEol Jobomgds ysdmygbgdmeo
0965 53¢0035¢m0 dgMHoLBHIIoL Fgom©O. 1153390 Mg 4959mYygbgdyero oym Murashige ans Skoog (MS) bs33900
M9, OG0 G90(3930 9539M-525ML (7.0 36/), Ladsrmbsl (30 a6/), 30Esd0b C-b (0.1%/¢0), Lszzargzo sGroL
pH  Ggo0gbos  5.8. 15330930  HIO0GHMOO00L  53MmM3w0doBmo  300MmdJd0  dgxoligdmwo  odbs
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UDC: 551.583
Distribution of potato in the agro-climatic conditions of Imereti region and the yield forecast /M.Meladze,
G.Meladze, T.Kobakhidze/ Transactions IHM, GTU. -2025. -vol.136. -pp.46-53. - Georg., Summ. Georg., Eng.Rus.

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

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

KynbeTypa xaprodeins oTinyaeTcss XopoleH Nprucroco0IeHHOCTHIO K arpOKIMMaTHYeCKUM YCIOBUSIM, 4To obectie-
YHBAeT XOPOIIYI0 BO3MOXKHOCTD IMOJTy4EHHsI paHHe! U 1mo3aHel nmpoxykuuu. Paiton uccnenosanus - ceno Amkameru (104
M HaJl YPOBHEM MOpsi) BXOAUT B | 30HY arpokinmarnueckux 30H Vmepern, kotopas pacrnosioxkeHa Ha Beicote 20-300 m
HaJl YpOBHEM MOps, TJe CyMMa aKTHBHBIX TeMmepaTyp coctaBisieT >4000°C, a cymma atMoc(epHBIX OCaaKOB 3a TEIUTBIHA
nepuon coctaBisier 600-1000 mm. PazpaboraHo ypaBHEHHE PErpeccCHH UIS MPAKTHISCKOTO HCIIONB30BAaHHS IPOTHO3a
obecrieueHns TEIIo B BETeTAIMOHHEIH repruo. [IpuBenens! odectiedenns artmocdepHsix ocagkos Ha 10 u 90%. B nmannbIx
arpoKIMMATHYECKUX YCIOBHAX CEMEHHOW MaTepHasl KapToQelsl MOIydeH METOAOM aluKalbHOH MEPHCTEMBI pacTCHHH,
IPU KOTOPOM HMCKITIOYEHBI PHCK U OMACHOCTH 3apakeHus. CTepuibHast KyJlIbTypa MO3BOJIIET IPOU3BOIUTE O0bIINE 00Be-
MBI TCHETHYECKH OJHOPOAHOTO IOCaT0YHOro Matepruana. CocTaBlICHO YpaBHEHHE PErPECCHH AJISI POTHO3UPYEMOH ypo-
KaWHOCTH KapToders.
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General Statistical Analysis of Long-Term Changes in the Number of Days with Hail in
the Background of Climate Change in Eastern Georgia
Mikheil Pipia ***, Nazibrola Beglarashvili ****, Tsitsino Diasamidze *, Nino Jamrishvili **
*Inssitute of Hydrometeorology of Georgian Technical University
**Mikheil Nodia Institute of Geophysic of Ivane Javakhishvili State University

Samtskhe-Javakheti State University
m.pipia@gtu.ge

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

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

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

Key words: Climate; Hail; Natural hazards

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

e -~ d ‘&%\ A PR
Fig. 1 Hailstones [1].
Consists of a nucleus surrounded by alternating layers of opaque and transparent ice. There are usually not more than five
layers, except in very large hailstones, which have been found to have 20 or more layers. Some other hailstones do not
have any layers, and consist of transparent or opaque ice only.

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

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

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

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

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

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

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

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

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

Years of observation

| I 11 \Y V VI

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

1970 1980 1990 2000 | 2010 2020

Number of hail days (April-October)

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

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

As a result of processing the obtained data, we created graphic diagrams for the average number of days with hail
according to the decades of 1961-2020, for 17 observation points in Eastern Georgia. The graphs presented in Figures 3-
19.
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Fig. 3. Average number for hail according to the decades of 1961-2020, Kahashuri, Shida Kartli region.
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Fig. 4. Average number for hail according to the decades of 1961-2020, Gori, Shida Kartli region.
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s Tsalka, Kvemo Kartli region
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Fig. 5. Average number for hail according to the decades of 1961-2020, Tsalka, Kvemo Kartli region
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Fig. 6. Average number for hail according to the decades of 1961-2020, Bolnisi, Kvemo Kartli region.
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Fig. 7. Average number for hail according to the decades of 1961-2020, Gardabani, Kvemo Kartli region.
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Akhaltsikhe, Samtskhe-Javakhetiregion 38
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Fig. 8. Average number for hail according to the decades of 1961-2020,
Akhaltsikhe, Samtskhe-Javakheti region.
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Fig. 9. Average number for hail according to the decades of 1961-2020, Faravani,
Samtskhe-Javakheti region.

StefantsTinda, Mtskheta-Mtianetiregion

’

£
N

1

5 Su—
EP
© -

o
~

o™ o-raw<n
o
o

sc
p3
)

0,1

o

1961-1970 1971-1980 1981-1990 1991-2000 2001-2010 2011-2020

years of observation

Fig. 10. Average number for hail according to the decades of 1961-2020, Stefantsminda,
Mtskheta-Mtianeti region.
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Fasanauri, Mtskheta-Mtianetiregion
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Fig. 11. Average number for hail according to the decades of 1961-2020, Fasanauri,
Mtskheta-Mtianeti region.
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Fig. 12. Average number for hail according to the decades of 1961-2020, Tianeti,
Kojori, Thilisi administrative unit
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Fig. 13. Average number for hail according to the decades of 1961-2020, Kojori,
Thilisi administrative unit.
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Thilisi, Capital of Georegia
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Fig. 14. Average number for hail according to the decades of 1961-2020,
Thilisi, capital of Georgia.
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Fig. 15. Average number for hail according to the decades of 1961-2020,
Telavi, Kakheti region.
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Fig. 16. Average number for hail according to the decades of 1961-2020,
Sagarejo, Kakheti region
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Lagodekhi, Kakheti region
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Fig. 17. Average number for hail according to the decades of 1961-2020,
Lagodekhi, Kakheti region.
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Fig. 18. Average number for hail according to the decades of 1961-2020,
Kvareli, Kakheti region.
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Fig. 19. Average number for hail according to the decades of 1961-2020,
Dedoflistslaro, Kakheti region.
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Discussion. The data obtained after the processing of the material showed that there is a significant decreasing
trend at the observation points of Shida Kartli region in the second decade.
In the Kvemo Kartli region, based on the data of Bolnisi and Tsalki weather stations, there is a tendency to decrease at the
beginning of the research period, and to increase in the last two decades. And, the analysis of Gardabani data shows that
the number of hail days in the research period is characterized by a decreasing trend.
According to the data of Akhaltsikhe of the Samtskhe-Javakheti region, the highest data from the 6 decades of the study is
recorded in the last decade. And according to the data of Faravni weather station, there is a decreasing trend throughout the
research period.
Based on the data of Mtskhet-Mtianeti weather stations, there is no significant decrease or increase in the number of hail
days in the region (for example, Tianeti).
Thilisi administrative unit - Kojori is characterized by a consistent decreasing trend throughout the entire research period.
And the capital, according to the average number of days with hail, is characterized by inconsistent data in the first three
decades, and in the last three decades it has a significant decreasing trend.
Kakheti is the most interesting region among the research regions. Kakheti is one of the hail-dangerous regions of Georgia
[7-11]. In 1967-1989 here was conducted the production work on the protection from the hail [12-13]. In the post-Soviet
period, the operation of this service was stopped, which were renewed in 2015 [14-15]. Based on the data of all five
meteorological stations in the Kakheti region, the number of hail days in the first two decades is characterized by a
significant decreasing trend, and it is logical that this decrease is related to the work of the anti-hail service. In the 1990s,
the data are unstable and incomplete (as in the whole of Georgia).
And as for the last two decades, the trend of the number of days with hail is decreasing and in some cases it is
characterized by changing dynamics.

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

An increase in the number of days with hail is observed only in two municipalities (Bolnisi municipality in the Kvemo
Kartli region, Akhaltsikhe municipality in the Samtskhe-Javakheti region).
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CoBpeMeHHbBIC M3MCHEHUS KIMMaTa MOTYT BIHATh HA MUKPO(PH3MYECKUE M JICKTPUUCCKUE CBOWCTBA OOJIAKOB,
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UDC: 551.583
Schumann resonance and catastrophic events on Earth. /Irine Mkurnalidze , Naili Kapanadze/. Transactions IHM,
GTU. -2025. -vol.136. -pp.64-68. - Georg.,Summ. Georg., Eng. Rus.

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

YJK: 551.583
Pe3onanc llymana u xaracrpopuyeckne codbiTus Ha 3emue. /Mxypuamnmze W.I1., Kamanamze H. U.,/ C6. Tpynos
UTMTITY. - 2025. — Tom 136. - €.64-68. - I'py3.; Pes: I'py3., Arri., Pyc.

B pabote mpezncraBieH 03HAKOMHUTEIBHBIH 0030p HCCIICIOBAHUI YHHKAJbHOTO SBJICHHSA, KOTOpPOE HAa3BaHO B
4ecTb ero OTKphiBatens, Pe3onancom Illymana. [laHO omnmcaHHe CaMOTo SIBICHHUS, (U3HYECKHE M MaTeMaTHYeCKUe
OCHOBEI. HpeL[CTaBJ'IeHLI TMEPCICKTUBLI MPUMEHCHUA 3TOT'0 ABJICHHUSA BO MHOI'MX HAIIPpaBJICHUAX. HpI/IBeILeHI)I KOHKPCTHBIC
NpUMEpBI: UCcnob30BaHus BoJH lllymana npu 30HAMPOBAHUH Pa3JIMUHBIX KaTaCTPO(PUUECKUX SBICHUH, TAKUX KaK I'PO3bI,
BYJIKaHBI, 3¢MJICTPSICCHHUS, I100aIbHOC U3MEHEHHE KinMaTa U T.1. Tak e oOHapykeHO BiusHue BuOparwmii [llymana Ha
XKUBBIC OPTaHU3MBI, CAMOT0 YeJIOBEKa U Ha BCE YeI0BEYeCKOe 0OIIECTBO.
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UDC551.583

Drought Trends in Eastern Georgia in the Context of Global Warming. /Kapanadze N., Tatishvili M., Meladze M.,
Mkurnalidze 1./ Transactions IHM, GTU. -2025. -vol.136. -pp.69-77.- Georg., Summ. Georg., Eng.Rus.

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

YIK: 551.583

Tennenuun 3acyxu B Bocrounoii I'py3un Ha ¢one riodanbuoro noremienus./Kananagze H.U, Tarumsuiaun M.P.,
Menanze M.I'. Mkypuaauaze U.IL./. C6. TpynoB UTM I'TY. - 2025. — tom 136. - €.69-77. - I'py3.; Pe3: I'py3., AHr.1.,
Pyc.

B nanHOI cTaThe aHANM3MPYIOTCS TCHIACHIMH 3acyX B BocTounoif I'py3un B KOHTEKCTE INI00aIbHOrO moTeruieHus. Pac-
CMATPHUBAIOTCS KIMMAaTHICCKHE JaHHBIE (TeMmepaTypa u ocagku) mo Tommucu, ['opu u Tenasu 3a mepuox ¢ 1957 mo 2024
roj. Ha ocHOBe aHanM3a MHOTOJIETHEH TMHAMMKH M BHYTPUIOZOBOTO pacHpeieseHNus CPeAHUX 3HAUeHUHM M3y4YeHbl H3Me-
HEHHA B 4acToTe, MPOJODKUTEIFHOCTH M HHTEHCUBHOCTH 3acyX. Takxke 00CyXIaeTcs pacnpeieieHnue TUIIOB 3aCyX U UX
CBSAI3b C 3aCYXaMHU B BETETAIMOHHBIN IEPHO.

B nccnenoBanuu ucnonb3yercs rugporepmudeckuii koaduuuent Censaunosa (I'TK), Ha ocHOBaHHHM KOTOPOTO BBISIBIIE-
Ha TEHICHLUS YCWICHHUS 3aCyX B IOCIIEIHHE JIECATHICTHSA. Pe3ynpTaThl yKa3bIBalOT HA SBHYIO TCHICHIHIO MOBBIIICHUSI
TeMIIepaTypbl U HECTAOMIBHOCTH OCAJKOB, YTO NMPUBOJUT K YBEIHMYCHHUIO YaCTOTHI U IJIOIIAIN 3aCyIUIMBBIX SIBICHUH. B
YCIIOBUSIX TJI00AIBHOTO MOTETIICHUS MCCIIE0BaHNE TTOMUEPKUBACT HEOOXOJMMOCTh BHEPEHNSI HAYYHBIX METOIOB U KOM-
IUIEKCHBIX cTpaTeruii 00pbOBI ¢ 3aCyXamH.
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UDC: 523.745
The impact and trends of solar activity on the climate and potential of Georgia / E.Khutsishvili / Transactions
IHM, GTU. -2025. -vol.136. -pp.78-83. - Georg., Summ. Georg., Eng.Rus.

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

YIK: 523.745
Biusinue v TeHIEHIMH COJTHEYHOI aKTMBHOCTH Ha KiauMat ['py3uu u ero norennuan /3. Xyuumsuiau / C6. Tpynos
UTMTTYVY. - 2025. — Tom 136. - c. 78-83. - ['py3.; Pe3: I'py3., Auri., Pyc.

3a mocneHre HeCKOJIBKO AECSATUIETHH KOJeOaHUsI COMTHEYHOW aKTMBHOCTH OKa3alld 3HAYMTENIbHOE BIMSHHE Kak Ha
riio0ajbHbIE, TaK M Ha PErMOHAJbHBIE KIMMAaTHYECKHE CHCTEMBL. B 3TOM HCClleIoBaHUM W3y4aeTcs BIMSHHE COJHEYHON
AKTHBHOCTH Ha KJIMMat [ py3un U uU3ydaeTcs MOTEHIUa] BO30OHOBISIEMON SHEPTHH, C OCOOBIM aKIIEHTOM Ha HCIIOJIb30Ba-
HHE COJIHEYHOM SHepruu. AHaJIN3 OCHOBAH Ha KIMMAaTHYECKUX U aCTPOHOMUYECKHX AaHHBIX ¢ 1975 mo 2023 rox. Pe3yns-
TaThl MIOKA3bIBAIOT MTOCIEOBATENBHBIN POCT CPEAHUX TEMIIEPATyp BO BCEX PErHMOHAX [ py3nu, 4TO KOPPENUpyeT ¢ MepHo-
JlaMU MOBBILIEHHONW COJIHEYHOM aKTUBHOCTH. IIpuMedaTenbHo, yTo BOCTOUHAs ['py3usi JEMOHCTPUPYET BBICOKUN YPOBEHb
COJIHEYHOH pafinalliy, 4TO yKa3bIBaeT Ha OOJBIION MOTEHIMAN Ul Pa3BUTHS COTHEYHOH 3HepreTHku. McciaenoBanne BbI-
JeTsIeT KITI0YEBble KIIMMATHIEeCKUE TEHACHIINN U TTO4EPKUBACT BXKHOCTh MHTETPAlUH COJTHEYHOTO MOTEHIMAIa B HAIHO-
HaJIbHOE YHEPTeTHUECKOE IUTAHNPOBAHKE B YCIOBHUIX PACTYIIEro CIIpoca Ha SHEPTUIO M KIMMAaTHIECKHX PHCKOB.
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Lo M®gdol Imbozgdgdom Fomdmgdmeo bowgdol dog boMzgBosbos WamMm bmyws, Lowsg bsgwgdo
15 YMOGOO S Lo dogMmgdos.

33w930Bom30L LyFoMmMm Fmbs399gd0 50N F5MGIML JMMZbYOo LosgIBEHML BsB0IB. gMH™mgzbmwo
15529b@ ML Bmboggdgdom 33060390980 FoMdmgdl 1930 (erosb, LoJsOmzgEml GHIMOGHMMOsDY LyyMMIdOL
05JL005YMHBS> MoMEYbMdT Boswfos 1960 Hgwl 170 gMmgmenl.

299m80bsMg 0Josb, M Lodo@Mmzgemdo 45603390 boMIdo ©0393d 90 - 0sbo fiergdol
3960030, M6 bawbsfymgdo 56 0gm ©o350dMYdMEO 56 0gm IB0sbgdE0o, Fgbsdsdobo 3gMomeols
9mbs(399900 560L Bs3egd0 Lobmmdol. dmbozgdgdl aosbbos 94393900, Mg FoMdmoyqbl o 3MHMdEGTsl
0b60gJLob 450mmM3EolLsl s FobJobmMo Lfagergdolmgol. sdo@Gmd obEMmMomwo dmbsigdgdolmgol dgombs
ERA5 - ol 6g9b5¢roBol 9mbs3dgdo. ool 9xMgool Bmdol Looosh Asdmdobstg 3960 dmbgMbs
L56530MM BrEOL sbErMl BYdseg LoAMMYOOL TGEMYDS.

Lo@gawodmemo CHIPRS - obs s IMERG - ol 0bgm®dsgool 99w0sm9d0l Loggwndzge®g eswaobs [8],
M@0 CHIRPS - U Logdo®mzgamlb Ggmo@m®mosbyg s®lgdgen boar®gdol dmboggdgdomsb sgglb 3o6go 3memgwsgos.
ob Loym®mado, Losg 0mbsggdgdol 50 % o3es 96 o6 Tggbodsdgdm®s MJoMBSL, oM ©s)I390 IO
0booBL. s0bsb0dBsgos obog, MMI LoGgEoGHo 390 500d350L Foodm0sb MHYaoMBL, 33003905l oM
09399905690 Bgzs, o0 IO 593l o @Mo (mask), sdoGmd bldoem Fgdmbggzsdo LobsdoMHm
DmwbHg 396 bgebgds Lo@dgwro@®mo dmbsgdol dmdmggds, 0 99dmbgazsdo begds Lbgs dsol sbermdgdsmy
050 X OOl sGB3..
2456bmeE09w@s CHIRPS - 0obs 5 Laawgol 8mbs3gdqgdol 99s®gds, Holmgobsa 4odmmgurow odbs, bob@g-
9960 3MIogds - BIAS, HmIgeog eolbdmdl 0065933006 @s dofolidoMs Loym®oEsh gsbmdowo
Bogdgdol gmzgum3z0wemo xsdgdol bbgomdol dggslgdsl. ©smgow 0dbs sg39, 3MMIES3E0s ©3Z30MHZ3gdOL
dogwo  396HomEolm3zol, Y3gws 30 ©s  Farobomgol, Lsdmowm  BLBMEMEGMOHO  (EMmIowgdgdo  ©s
UGBIOGHMO oM 03539 3M06E3030m. Fodm™m3wgdds sh396s, MM 08 LoEyMIdT0, LESE S330M3gd0L
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39600m0B 56 5OLYdMBIL IMbsgdms 50%-bg 9@ 0 Fogowoms®, Jsbaerolido, 9919w gdgw0s bEBSGOLE0ZMMO
0boeoBol  Bodotgds.  gs8mzwobos byyew  3bMs  sbgmo  bsa©o.  LEIGOLEHZMMO  DobslinsmMGdWGOOL
3900m03@0L 565¢0B0Esb 06033935, MM Y39wsHY VOO 3MMGES30Mo 3603369mdgd0 0.33 5ol doo-
Lodwgmol oM@y s dogbodoewn@o 0.72 - dmgol LoywOby, dobodswrv®mo Lsdrmswm SdLMEWEHMHO
3MIomgds 5GoL 18.8 gmMol Loym®bg, s Joduodogry®o - 83.2 ds0wdol LoaMbY, yzgwabg dzoMy
UEHoboOGHWWO  goobGs 6oL 23.4 3mOmOL LoEyMGDY, Moo - 118.46 JoM3zgmol Loym®BY, Gog
9bLbs0s B30L30Ms s FMRMM0D0 MYE0IBOL o3 obobgdom. Bomswo 3MMIws300l 3mgn03E0gbE0
1390 3590b5EO3L LdEJEoGOLS S LEEYYOHOL FMbs3gdgdol MsbbgzgMmL.

R - instat 36maG5390 MHBOHMB3gEYmRBs 359m0yYgbgdms 30MLMBOL J3mMgwsiool s bbgs LEsGOLEH0ZMMO
3561599BHMgool  godmbsmzmgws®. LsEAMMId0, MMIEWgdoE FsdmEM39dIw0s, 9999wgdgEo 0gm sbsewrobol
393900905, 89050909 0dbs obGmMmomwmo bosgdol dmbsigdgdo 1961 - 1991 fargddo ERAS5 - ob Boengdol
95650 0Bol  IMbo3gdgdmsb.  39bgmol  Mgyombbg FgoMbs 19 boamdo. s 0dds Mbs, 965Dl oM
0599399090565 ol 3996JF9d0, LooE 96 0gm by3dsMmolo dmbsggdo.

33¢930L md0gIBHo @5 FgmmEMEMyod. dmbs3gdms gEoMgdol 890gad® 29903390  Y39wsby
QB0 3Mgws3ool 3583969890 (0,309) Loy FoModbyg, doduodscmo (0,657) Loaw® mdsermby.
90600560 bdoErm SBLMEEMMO (™IS (1,662) sx0JLoMEs LoEyME MEsdbmbY, Jodlodowrw®o
(3,041) - Logam® JowEsby. 4z9wsby 93069 LEAHBEIOGHWWO 25O (4,047) 560l LoyMe MEOBMDY,
MEoEgbo (7,624) - LoEAMO oamEgbby. 1961 - 1991 Hemgdol LoamMol obGmOmomwo ©s ERA5-ob
9565¢0Bol dmbs3gdgdol gsmgdom BBL, M3 ImEyErobmzol 25dmEYYds SEWEHIMBsGHO dmbsigdms
05bo©, MMAMEOE Jobgool, 51939 LodoOmmz9wml Jmgwo GHIMOGHMOH0sDY. sm3gwow odbs climpact2 R -
36OHMAM59wo gbol 3539¢0L abdsmgdoom SPI s SPEI 0bgdugdo. 58539 @MU, gobbmMiEogars dmbsggdos
boeolbol 3mbGHOHMO, g55b5c0BEs Bodlodogro s JobodsgMo FH9a3gMsdvImol Fgbwgbaogdo, dggsolis
33530l 0bgdlgdo 3, 6, 9 s gOHm HEosbo POHMOMO BOKJO0m. dmm3E o 0gbs 3 M30560 3gMoMmOlmZol
SPI s SPEL 56sqno®ds s639bs, ®md 3 030560 bogr LErmemymagows@ sbsbsgl 99@gmdmemyom®mo, bolmgam-
L59gmOBYM, Ler309WH-93mbMmTomEmo g35¢30L oM.

2396bowmem  0dbs  a30e30L  A9630000MHgdOL  FHgbgbaool  GgRobgdol  JgLodwrgdermds.  J3gdmo
9dmyz0600s (bobsbgdo 8 - 10) Modgbody wm3soobomgzol climpact2 3539¢0L 3990Ygbgdom IMZEOWo ©o
30BMeobomgdmwo SPI 24 (2 {iewosbo) Boengdob  LEebomEobgdmwmo obogdbo, GmIgwog oMo
235839690L 435¢30L 996305M9B0L FgbwgbE0sL deaewm 60 fierol A563s3wrmds8o dgMbgmer Mgaombgddo. SPI s
SPEI 0bgdlgdol 95399@«96mdob sbscroboliomgol, gmrmdsbgml dgs®s Lsdo Laa®ol 8mbszqdgdo. Loaw®
0gwsgdo sgodboms SPI —ol dobodsermMo 86033bgamds -3,62 s dsgjlodserMo 2,43, bmerm SPEI - ol
dobodserMo 96003bgarmds 2,52 s oduodomo 2,43. 50 LoAMOHDBY MROM A5TMIZIPOW0S 33530l
A&®9bgd0 SPI - ob 358myqbgdoom.

9Ju39®0dgbE Mo 89wJagd0 ©s sblxs. 30H39wo BmEIEoL LMY 39dGMGmEo Fsbdsbol (SVM)
dogm 29690G0MmgdMo ImEgEol Fgxrslgdolomgzol 3s6Msdg@Mmgdos : RMSE - 0,58848, R2 _0.64, MSE_0.34631,

MAE_0.45479, 36:0m3b6m%Bob boBdstg 430000 obs/sec (©0533060390s §5980), Lfogwrgdol odmm - 30,296 {3, gmmeool
90b0dserMo Bmds - 45 (M3EGH0d0DIO0 3565393M0), 3039M35M589E Mo dgdbol MmbsgoMgds: obodsgrmo
B0l Bmds_1-3420. ggzgws gl 3o6053gGHMOo LoFoMms Goms d9g3sLgl Imegero.

2390053503900 IMEMYJOOLIAH  M30L  530egdol JoBbom sTsFYPPM 0dbs 303 JoBool
M930060L ©s3sBHgd00m 30 Loy®o. 53 d90mbgg35d0a Lffogergdsdo 9930 3MMMEObsEd0, fawo, ™3y, m30L
Bogngdol X580, Boa®58 80IHgEs35® T33O0 dmbso3gdgdols oxgodboMs Abasglio 8gdmbgggzs. BobsBowsb
15 - BsbL, Gm3 dmbszgdgdoo 0dgmMgdl  Lomzgomgbe  3MHMmabmbol IMM@OL BMETLL, 53 89GY39wgdL
23905F9Mdgd  ImMyadsby. 3bmdowos, MmI 2022 Farolomgzgol doffoldoms bswsd3zoM39dwm  JugEoEsb
3400 MRS 3 LOEYYMO, 530FEMI IR3F0MYOS TomM0 LoFGgwo@olL 96 3m39Mmbo3MLOL Bmbsigdms dBol
06g3m®8o30000 bsbs33wgds. MgRMmgLOOL SEIRMOHOMTOL FHMIb0bYOLSL y39esBg oMo dggao ohggbs Bagged
trees 56LSADECPOMYGOMTS M3EH0TODOMGOIMTs SEIRMOOMTsS. Lfogerol oM 326,21 3 - 0s, 3OMABMDOMYdOL
LobGoggg - ~ 7900 33003905/§5380, Bobolioomgdgaro 3s6sdgdH®gdo RMSE - 0,5046, R2- 0,64, MSE - 0,25466,
MAE - 0,38065.
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Predictions: model 10 (Optimizable Ensemble)

®  Obsenvations
Perect prediction

Predicted response
L]
.O
L)
Ta

4 3 2 -1 0 1 2 3
True response

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

00 Bobobol  sbsgrobol dobgzom 8ga30dwos  30abXIM®  MY) MMAMEOO  TMEYEos. 0¥ Imbsggdo
©amOG0@ad0) 56M0L doosh asdbgmwo gb JoPomMYPOL 035BY GMT SMOL  9MSLEZTIMOLO TMGYGds 96
Underfitting, bmwem §g6Gowgdo, HmImgdog sbermbss 30mabmBol 36xpmsb (OHx3gLmsb) dommomgdl
23905F9MBJOM dmMyadsbg by Overfitting - By. Mmzs FoOEGOWms 0O baffowo mMegdmy®owos gom sgdo
890dgds  ©i39133600, GMI dmEIEo sOOL 390 FMEMYJIOL, 9.0. ©35305gMmBOWGdgo  dobodserMo
RmOwol Bmds 5oL 19, m3E0dobsgool doBbom doboFgdmwos 40 0@ ghogos, boggzwow 30 o@ghozoobs.
3oLBOLE  50bodbMos  LogsMsmm  J0b0ToErHo  Lodrom  335MOGHNM0  A5IBMS,  WWHROM
053306390500 3060F5M0 1FUYSEM 3Z35MIGHVIO FoobGo. Logwrgdol LobiMsggs 0,27325.

Logangdol g@odol 899gy 9mEgeo ©s9d399gdsts 2001-2022 Fangdol dmbsggdgdbg dmmpqdst (fitting - L)
d9903mdo 36H:™mEgLobAOLMZ0L. sbsbodbsgz0s 0boE, MM IMMmYIBOLS s 3OMABMBOL 3OHMEgLOL Bolio@sMdEIS©
dgotBs ol LoEyMM9do, GMIWgdoz ™m39MHocMgdbgb 2001 - 2022 Fargdol dsbdow by, €s9gbody Harols
24968530 mdsdo 35063. 580l 8989y olbobo 8goglim CHIRPS - ol bLys@garodmtmo dmbsggdoom.

360HMmABMBoL goblobm®mE0gmgdws boFomm gobs §MH3030 MuMgLool AsbEMEgdoL Fdmmzes 0OMMYMEO
Loy m@olbmgol, MatLab LbogMgdo polyfit gmbjgool asdmygbgdom. 3mgx030963Jo0L sdmmzwol 9599,
MatLab -ob ULog®ggdo polyval 89bdzoom odmomgzgsws 3mErobmdgdo. LadMmmabmbm Lgbstol 3oMgzqw
390mbgz93580 Boangdol Mom@gbmds gobolisbmgMs 0 1D - sb 10 LA - 3y, Mosb P3xbmM30L LsobEyMglms oMy
Boggdol Gomgbmdol 8900bgg35d0 335¢30L 4ob30maMgdol 3MmEgLo.

3bMoo 1. bsgrgdol biGsbsm@obgdwmmo 0bogduo (SPI), 0 13 - ©sb 10 - 53 - ol Bsogeoo bagrgdols
3Mmabmbo 3sbgmol Bmyngmhmo MHgaombolimgol.

Lo36OMAbm | MBI | Logsgxm | amexssbo | ygzsegwo | woymogbo msem 0530
e bogrgdo Lyt

(L3)
0 -0.270 -0.336 -0.008 - 0.002 -0.524 0.270 -0.568
1 -0.021 -0.057 -0.097 -0.012 -0.269 0.429 -0.325
2 0.227 0.220 -0.186 -0.026 -0.014 0.587 -0.083
3 0.475 0.498 -0.275 -0.041 0.240 0.746 0.159
4 0.724 0.776 -0.365 -0.054 0.495 0.905 0.402
5 0.973 1.054 -0.454 -0.068 0.750 1.064 0.645
6 1.222 1.333 -0.543 -0.082 1.005 1.222 0.888
7 1.470 1.611 -0.633 -0.096 1.260 1.381 1.131
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8 1.719 1.889 -0.722 -0.110 1.514 1.540 1.374
9 1.968 2.167 -0.811 -0.124 1.769 1.698 1.617
10 2.217 2.445 -0.901 -0.138 2.024 1.857 1.860

9b5groBds 9B39bs, MM RSB0 S YzsMgwo bosergdol oty Gomgbmdol d0dsMo WRMM IMfY3es0s,
abg3g 3odm0339ms bs3wgds IMfyzwoo M9a0mbados - ©IEMBWOLHYsM®, LogdsMgx™, odMm©Ibo. 0
990093900L  25565¢00BgdOLSL, AoBOMZ9eoLF0bYdgE0s Loy®mOol Lodoweg B30l MboL s FHgbosbmds,
21939, oL BOJBHO, O®MI LoGgoGMMo Fmbogdol goM339o bofowo s Imodgdbs sGIMsbolls s TgErssbol
LMoL Jg8mb3z93500, oL A5dm3 BmEgEds 396 dmo3s Jobgool LMo MHgyombo.

3l33bs
1) 5@9mbggmvymo 30mEglgdol, 390dm boangdfo®dmddbols 3GmEgligdol saLebgguo gob@magdgdol s dsog-
95303600 dmgegdol dgbfageol 899 ©sE0bws, MM s8mEsbol 3mA3wgdlivmo s MB35~
3930560 bsliosmosb 4s8mdobstg, sGOLYdMEO BMmEIEWdo 56 0dwg3s 3MMEJLYdOL LOMEYMBow SOgMsl
5 BMLEHO 965¢0BMGOO 5TMbLEYBdOL hofigmol glsdegdemdsl, sGOL B0sHEMYd000 S FHMBEJ35O.
2) 33930L 5@ gMbod oo dgmmool boboom, 8gmbgmen 0dbs Lodmwsow®mo dgommeo ds6Jsbmeo Lfsgwrgdol
299mygbgdom. 856dobmEo Lfogergdol Bgsdbgzgw Mo dgmmEob gsdmygbgds m3EH08swvMos sbsgrmyow®mo
3033adbmB0o 59m3569d0L dg0mbzg3580. Bsbdsbmemo Lffagzmadol BgsdbyEa1W™MdOMO MYMLoOL SEAMOOm-
3990056 y39wsbg 396My0 99090 domgdaye ogbs Bagged Trees - b m3EH0d0BoM5do dm©gEoom.
3) 356496900 Logangdol Fomdmoygbowr dm@gErolmzol m3EHodswwmos 9900 8905350 356539GHM9dOL
299mygbgds: Loammol alobgwgds, gwwo, m3g, ™30l boegdol xsdo, dmEgEol Lfagagdol Lodsbwbem
33w50L Labom - bEobsMEHOBYdMwo boergdolb 0bgdlo - SPI, o6 oMHoL 59930¢gd9w0 ©5330603900L
LoERMGOL JNMOObsEYdO.
4) LOGHIWOGHMOO 533003900l doBgdol CHIRPS - 0ob s IMERG - ol dmbsggdoms 990050900l 890900 -
306005, ©m3d CHIPRS - ol 8mbs399900 356 096630965805 LogdoMmm39eml GHgMo@mem0sBy dofiolidoMs boyeg-
0oL 2000 — 2020 §ergdol ©933060390900L mbs390900396.
5) bGHObEoMEBH0BYdMWo boewgdolb 0bgduol (SPI) as9myggbads M39maLls Sbobogl agswrgol dbodo FHM9boL
39bgmob Hga0mbdo, 300Mg Bogrgdol 9393mEMBLE0MmEOOL bEBBEIMEHODIdWwo 0bogduo (SPEI).
6) ULodo®mm3zgwml  dofioldoMs s LoGIoGHMMO  Ysmmgdol dmbs3gdgdol  sbserobom iEHObos, ™I
05bgobmMo bffagwgdol Mgacmgbool dgomEol ysdmygbgdoom Lszdsmobos SPI 0bogduo d9gi3sbicogl 1960 - 2000
fleogdol
9mbs(3999000 Lfjogergdoliogzol s 2001 - 2022 {ergdol dmbs3gdgdom @Mmgbobaolbmgob.
7) 30fjol3oMs LoaMgdOL OLEMMOWwo s ERA5 - ol Hgobscrobol dmbsigdgdol (1961 - 1991 i) 99069000
(35bgmol Mga0mbdo), sILEMM©s ERA5 - ol 9mbsgqdgdol as9myggbadol dgbsdwgdemds ser@gtmbo@ovye
9mbs390m BB IMPYOLMZ0L, HMYMOE Jobgmol, slsg3zg Lods®Mz9w Ml dmgwro GgHoGHMO®oOLmMZOU.
8) 3611 bMmB0oMGOOL 5WRMG0MT0 259033900 39bgmols Hga0mbdo g35¢30LsI0 dmfiygzwso Msombgdo.
9) 8564o6meo ULffagargdol Fomdmagbowo dm@guol ©s 5eam®omdol 2s0mygbgds Boengdol gobsfiorgdols
9Boe0Bob, g35c30L FMboEGHMM0bYOL s 3HMYBMBOMmYGdOLMmZ0L TbsdwrgdgEros MHMyMGE LodsMmzgEwML, SB939
Ibgs M9a0mbg0303 330603900l dMbs39890m5 bsmsbsm d5%Bob (60 Herosbo) 3o6H™dgdTo.
10) domgdwaro 999ag00L 459mygbgds H93m09b0Mm 3905 SEMIMEIO JoROMbOWIdOL LobEgdgddo azs¢zol
9bBHMM0byol s 30MmAbmBoMgdolim30U.
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UDC:111.111
Drought monitoring capabilities through machine learning /Ana Palavandishvili/ Transactions IHM, GTU. -2025. -
vo0l.136. -pp.84-88. - Georg., Summ. Georg., Eng.Rus.

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

YAK: 111.111
B03M0KHOCTH MOHUTOPHHIA 32CYyXH € IOMOIIBI0 MAIIMHHOTO 00y4enust /AHa [lanaBanaumsmiu / C6. Tpynos UT'M
I'TY. - 2025. — rom 136. - c. 84-88. - I'py3.; Pe3: I'py3., Auru., Pyc.

OnmHOM W3 BaXHEHIIMX COBPEMEHHBIX MPoOIeM (HU3MKK SBISETCS H3y4YeHHE (QHU3MYECKUX MPOIECCOB,
MPOUCXOIINX B aTMOc(epe, ¢ NCTIOIb30BAHUEM COBPEMEHHBIX METOJIOB U HOBBIX JaHHBIX. Cpely CTUXMHHBIX OEICTBUH
3acyxa SBISIETCA OJHOM M3 yrpo3 sl MHOTMX DPErHOHOB MHpa, BKitodas ['pysuro. McciaenoBaHue MpoBOJWIIOCH Ha
TeppuTopuu ['py3un ¢ MCIOJIB30BaHMEM JaHHBIX 0a3bl AaHHBIX HalnnoHaIbHOTO areHTCTBA IO OXpaHe OKpYJKarouieh
cpensl 3a mepuon 1960-2022 rr., a Takke HaHHBIX peaHanm3a ocankoB Copernicus ERAS 3a mepuom 1960-1990 rr.,
KOTOpbIE 1JI1 NPOBEPKH CPAaBHUBAIUCH C JAaHHBIMHM HA3€MHBIX CTaHUMH Ha Tepputopun ['pysun. AHanu3 OaHHBIX
Ha3eMHBIX U CIIyTHHKOBBIX MCTOYHHKOB B I'py3uMm IOKa3aj, YTO MpPH HCIONB30BAaHHMHM METOJAa PErpeccHd MAaIIdHHOTO
o0yd4eHus i1t 00y4eHHs IOCTATOYHO OLEHUTh AaHHble 32 1960-2000 roapl, a 1uis TpeHUPOBKU — naHHbIe 32 2001-2022
rogpl. B kauectBe oObekTa 0OyueHMs] ObLI BBIOPAaH TPEXMECSUYHBIH CTAaHIAPTHU3MPOBAHHBIM HMHIEKC ocaakoB SPI-3.
Ncnonp3oBanue Mozeneil u aaropuTMOB MAaIIMHHOTO OOydYeHHs AJs aHajHu3a paclpeieleHHs OCaaKOB, MOHUTOPHHTA U
MIPOTHO3MPOBAHUS 3aCyX IIeIeco00pa3Ho Kak B I'py3nu, Tak U B APYTHX PETHOHAX NMPH HAJUYHUU COOTBETCTBYIONIEH Oa3bl
naHHbIX Habmonennit (60 ier). IlomydeHHble pe3ysbTaThl PEKOMEHAYETCSl HCHOJIb30BaTh B CHUCTEMax paHHETO
OIOBEILEHHs] TP MOHUTOPHHTE 3aCyX.
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bymdols 6ome. 1 1 2 0 0 1 5
RO!. 0.8 0.3 6.5 0 0 0.1 7.7
©5300MO | MIME. 0 0 15 0 0 1 16
RO!. 0 0 3.1 0 0 0.1 3.2
356rmem- 5M. 0 0 1 0 0 0 1
5300 | BIOO. 0 0 0.1 0 0 0 0.1
©5300NME- | MoM. 0 0 2 0 0 0 2
350 3O, 0 0 0.2 0 0 0 0.2
©530QNME- | MoM. 0 0 11 0 0 0 11
bgmdols BOO®. 0 0 26.1 0 0 0 26.1
boen Gomgbmds 4 1 39 2 0 6 52
U0 RoG0Md0 1,2 0,3 36.9 0,5 0 0.9 39.8

99-2 3bMowol dobg3z00m G9ag60w0s 50dmMLsgwgm bodsGmzguml dgobzs®gdol ImMmBMEMY0wGO
303900l 2565H0eqdol 905% 999890 FBOOWO 35@5MmA0L, ®OD 1-0b, MWD 2-0b, PED 3-0b IMbs3gdgdoom,
M5m©YbMdOLS S BIMMMBOL Jobgz0m (FBOHOEO 3).
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B0 3. 508mlisgErgod Logsmmgzggemlb dgobzsmgdols JmMBMEMa0NMO F03700L §sbsfowgdol 3gdsxsdgdgmro
30O 35B5EMaol, MED 1-0b, NED 2-0b, NED 3-0b dmbsggdgdom,
65000 96Md0LS S BMNMBOJdOL Jobggz0m

0mbs399gd ImOHBMEMa0vIMH0 303700

o 3POTWo | POH@- | bgmdol  E0EUEO|  FONW- | IOV~ IO
bgmdols ©530QMEO|  35MYmo -bgmdols

|| ¢ 2 c < c < c 2 c oS! c oS c

gl 8 &4 8 & A 8 &1 8 &4 8 &4 8 &1 8

SH IR g & 5 & SE g & g & 5 &

€| R &€ | B € | B|E | P& |B|E |8 |E|P®
35@smmaom | 70 | 184 | 3 1.9 8 13.6 | 23 | 75 14 | 39 5 1.3 9 |358
nEd 1 52| 9.7 2 1.3 8 105| 32 | 7.1 6 1.1 4 0.8 10 | 31.8
0D 2 33 | 4.9 2 0.7 7 89 | 21 | 5.0 2 0.5 3 0.3 10 | 28.6
0D 3 16 | 2.1 1 0.4 5 77 | 16 | 3.2 1 0.1 2 0.2 11 | 26.1

500mbogEgm bogotmzgmmdo yzgmws INORMEMRO0OHO GH030L 8Y4ob3zsMm0 3Jo@owmaol dmbs3gdgdmob
8956M9000m 2020 ferobsmzol 0bGHgblom®msw 03wgdl, Hmam®E d94obzs®mgdol Mom@gbmdom, ol 35390990
X599M0 535MmMdOL dobgz0m.

50dMbsgwgo bodsMmM39w Mo, 35@swmyol 0bg30m, Y39wWsHBY OO MHoMEIBMdOM Q93M(39LYOIE0s
3900 d4obzomgdo, byen 70, beem 9789 o300 34obzaMgdo, by 23 (b6. 2 5). 2020 Herobsmgzol
MRS 16 35M¥eno 34obgza0o s 03039 Mom@gbmdol 300 84obzsto.

0Eb-ob 2010, 2015 s 2020 Fengdol dmbs3gdgdom d94obzs®mgdo ©YAMEOM©Ids, begds dgobgzsmadol
565§930Mg0ds, 3306 4ob3z5M9d0L 4o0mymas.

356900 d94obzsM0 G90dwrgds sbsfigzMmgl m® 56 Led 395G dYobzsMs, JMo oM s JO® b ™M
0M3wbsM5, 96 Loghmm odMgl. 5ol Fogoomos 30MH0Jomo sesbbols Ne23 356veo BHodol Ladmomm
34063560 (Bsb. 1), Gmdgeoi 2010 Feoolsmzgol ©absfigzts 2 356w 83oMg 9yobzo®ms s 1 mmgwbsta.
2015 Herobomzgol 03039 gobofioergds dgbsBmbs, mwdgs oMy 894obzscmgdol BoGmmdgdo dgdzoms. 2020
foobomgol ghmo dgoMg 99obzsMo oMby, bmm dgmeg 9306y dgobze®o, GMIWOL GoHmMMdO YBOH™
65309005 M3wbsMo© IAMICOMEs, MOMZWbIMO 30, Fods.

bgmdob  BHodolb 394obzoMo  doMOMOEI©  0bsMBBEIBL  Mogol  FmGBMEmyosl, MBS  8godwgds
565{1930M 9L bgmdol s 35O 56 930 F4oblz5M9@, 5xMYMN3g JOH® b Ms8gbodg MM3EbsGMs.

396Me-bgmdols Bodol dgobzamo bodogy 39MHomEdo 0656RMBgdIL Msz30L BMmOBMMMAOLL, MdEs Hugdol
dobgz3000 56300 q3MMEs© 03¢gdL ol J0gM 9393900 BOMMMOO s Msdgbodg dgdmbggzsdo
24900500l M3bsMTo b JMgds.

©5300MEo d4obzsmo sbg3g 065MFMBIBL 05308 FMOBRMEMYOL, TbMWME OHM®MS FobdsgzMmdsTo
0390l 3oL BMMNMBO (BMPX IO 45Ol MMZEBsMTo 56 JMgds).

39OME-05300ME0 394063560900 J0Mm0MEIE 065MFMBIdIE 530l FMOBMMYOL, Bmy Fgdmbggzsdo,
bgds 8306y dg4obzoMol (Asgomomo@, 0gMaol s9bol 8gobgzsto Ne103) obsfgztgds 3o6e-s30vIE ©s
Q530 9O b H399b0dg 8Y4obgzsM50, 9990097 3905Bg 30, 9™ b M53IH0Tg MMZWDIMS 56 JMgds.

©530ME-35Gxemo  894obzomgdol  0bsMBMBdgb 030l  IMOHBMEWMYOSL, ©OHMMs  JobBsgmdsdo
65§93 90056 g 56 M59gb0Tg 0M3wBIM© 96 JMHd0Sb.

©5300-bgmdol  I4obzsMmgd0  dMEMIEg 0bsMHBMBYIdIEMIZoL  IMOBMEIMY0sL, mMPzs Fgodangds
358m9ggmm omgwbsmo.

2020 Garobomzgol sMmENbol smHdo LogPmME sP® SMOL dyobzs®o s TbmEmE 5 MMmzwbs®owmss
399mmBgbowo (3bMHowo 2). 03039 bEgds 50030l s SLal s Hgddo. 306039 Jomasbdo gMmo dzomg HBmdol
(0.3 39%) bgmdol dyobzs®o, beagrm 9gmMgdo meo dzoMg Bmdol oo (0.1 38%) s JoOe-bgmdol (0.4 30%)
dg4obgo®opss dgdm®mBgbowo. ¢439webg OO MomEabmdom dyobgzstgdo FgdmMbs mghyol smBdo. 68
3906306096, HMBgemsg 9393900 FsOHmmdo 63,9 392 2020 Fgel sOGoEbEos 39 d4obzs®o s 8500 dogH
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05359390990 BSMMd0S 36.9 392 Mog 035l 60bsgl, Mmd MgMmyoL smHdo dYobgzsMgdol Mmomgbmds d9d3oMs
42.6 %-0m, beagom 3500 8096 053939090 BoOOMBOO — 42.2 %-o0m.

39&OWMPOm, 50BMLsgwgo  Lodo@Mmggermdo oMbgdeo 132 d4obgzotosb 2020 Herobomzol Leyem
890mMbs 52 84obgzoMmo sbvg Ig4obzsmgdol Momabmds dgdioM©s 80 dyobgs@om (60.6 %). dyobgzsMgdol xsdmMo
BoOMMOO0 82.4 302-0b b 39.8 38% 56w 89930600 52.6 33%-0m (63.8 %).

393500500m0m, ©oL1ZMIM bdgsGMzgEmdo dgobzsmgdOL XSTMOO FsHNMDO (Jo@Gowmpom) 465.7 392 2020
feoobomgol gobs 274.9. 30%-0m  obvy 9gdoms 190.8 30%-00m (41.0 %-om). Gog dggbgds 8yobzstgdols
Mom©Ybmdsl ogm 409, begwm 2020 §. — 375, sbm 998306H©s 8.3 %-0m. gl 308MIVO SILEHNMMIOL, ™I
00mboggm  Lods®mzgwmdo  3¢0ds@ol (330w gdol 99gas©  34obzsMgdol ©IRMIWIGOs  JOGOLIO0
LHO053500 F000BsMYMBL 30006 ILIZEYM Logdo@m3germdo. gl 4ob30MHMBYIME0s Lodes@mNZgEmU 53 bofocrgdls
dmOoL  3¢000530L OO  Foblbgoggdom. 50Mbogwgm LodosMmzggmmlb 3wodsGo 00 J3gmgaombdo Loasg
99406350900 M0l 2obE0agdMmo  bolosmgds 65dgow Bogbwwl Fm3wgdMo  Forswro F00sbgmol
bmdogho Moo 3530m, bmwm obogwgm bodo®mzgeml ol J39mgaombo Lowsg dgobzsMgdo oMo,
bolioomgds 505 dmol brm@dom 353000 3993030 MOMZEW00 s d4obzsMgdoom.

36mdowo0s, MmI 3YobzoMgdol ©IMos3os 0fi3g3l  MM3EbsMdOL  MoMmEbmdol bBEMEIL. yzgws
0M3wbsm0 35Mo 96 300 FOHRMEMYO00LSS. 39-4 3BMOEOL gsbbowgs 430P39690L, MHMA o@swrmado
sMLgdo 132 84obgzs6H0sb 2010 Harol 0sbsdaBsg® o dmbsgdgdom §o0rdmoddbs 30 ommgzebsmo s godds
10. 2015 §arobosmgzgol §o00moddbs 57 mmzgwbs®o s asdMs 34 d4obzs®mo, bmerm 2020 ferolsmgols Fo6dmoddbs
80 mgzwbsto s odMs 65 dgobgzoMo. sbg MM, 2010 Ferosd 0m3zwbsmgdol s oddMowo dgobgzaMgdol
5m©YbMds 063 gbloMMs© 0BMEYdS. Ly Ho®dmoddbs 167 mmMzwbso s gods 109 dgobgstmo.

3940b30M900L 35Gomado 0.1 332-Bg 653gd0 BoGm®dOL I4obzsMgd0 (MM3WbIMHJd0) 56 Fobobowgds.
F9L505d0LOE 96 23593V JoBOw™ol IMbsE39dgd0 MMZWbsMmYdOL B do (gbMHowo 4).

30O 4. 50dmlisgmgo LogsMmmggmmls 3gobzs@ven sbgddo mmzubsmgdols s 3sddMswmo dgobzstgdols
39650 gds 0D 1-0l, mED 2-0ls, mED 3-ols Imbsggdgdocm

003bs®gd0 ©s 358gMsgro dgobgstrgdo
d94obzs®mo s9bo
8mbs39gdgdo 1 2 3 4 5 6 7
@osbzo | 303330 0960 sbs 56mbo 3oGogomo beyeo
5¢3Bobo

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

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

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

bmew | oomgebs®o 21 6 63 2 10 62 167
300g. 8gobg. 31 6 49 0 3 20 109

003mboggm  LogoGmzgEmlb  dg4obgzomgdol Bmaswo gJidmbogools Lsfiygolbo Bmbszgdgdo  s©gdwEos
3939006, beaenm 2010, 2015 s 2020 Herol d4obzs®gdol Bmyso gdudmboios oa0bws 3MMaMsds
Google Earth-ol 958myggbgdom, Losg bomrs Bsbl ggHmdgdol bgmdgdols dods®mmmegds s 9Judmbogos.
300yMs0s5do  dgdm@sbogr 0dbs  s0bodbmwo  fergdol dyobzsmgdol 3mbEHWMGmgdo s Tomo  Lsdrsegdom
39599090 FobEs BIOEMOJOOL 9JudMmBoEOoL oEYYBs. 50b0TbmEo dmbo3gdgdo dowsdmfjdws Arc Map-do
(Arc Gis) bdggosmma dgddbowro Arc Toolbox 0bbE®MMIGEEJdOL 4sdmyqbgdom. dgmmo omgzgsolfjobyds
Lodommz9wml Mgeogx30L 30830wwo Lsbodsmewm dmogwoo (Digital Elevation Model) 9.f. DEM-om 03335050
©53M053905L, M3  0a390m  Lodo®m3zgerml  B3gMEO™dJOoL  gJudmbBoEool  My3s.  sddsg3gdol  EMML
399mygb9de 0dbs Lado®mzgummml M9e0gxol 0xMMEo Lslodswwwm dmEgwo 20X20 as6Rgzs0mdoo [6-9].

00bodbmwo gomEo  s3OHMBOMGOMEo s ogdEos Abmgeromdo, gl BgMMEO  3MOEH03LIC©
2458mM03bogl 9930m3qdL d4obzs6m9d0L 9Ju3mBoEooL dglfogzErol M.
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Bsb. 1. 306H0gdomo 5¢rsBbol Ne23 356Gmemo @odols lsdrmsgm 8gobgamols 3mbEm™mgoo: ) Gm3maMmsxgovyeo Gyzol
dobgogom, 3) Landsat TM Lgblemeob 2011 femols 21 Lgd@gddmols bryGHsomols dobgzom (0D 1), 3) Landsat OLI
TIRS bgbbm®ol 2014 fewols 28 s330LEMmL LryBsmols dobgzom (oD 2), ©) Landsat OLI TIRS Lgblm®ols 2020
feob 13 bgdGgdd®moL byyMscol dobggoo (D 3).

d9ob306900L  gdudmbogool dgbfogersl oo d60836gamds 5g3l dgobgzs6mgdol EbmdOL Lszombmsb
00050GmMgdsd0.  50dMBOg3Egm  bddsMmzgEml  8YobzsMgdol  gdudmbogool  dglfogarobsmgzol  dgobgzs®rvywo
3Bgd0lL dobgz0m, 99096005 3g4obzs6gdol Bmyso gdudmBoEool gobsfowgdol EbMHowo Mompgbmdols
5 BoOOMMIJOOL Jobg30m. BgInm BsBMMZ0E0 MmO 3oEoLsM30L (bMowo 5).
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300 5. 509Mbsgago bogsMmggeml dgobzsmwmen 59bgddo 84obzsmgdol Bmadswo gjuidmbogools
2965f0egds 35¢sermyol (5), 0B-ol 2010 (3), 2015 (), 2020 () Farols Imbsigdgdom,
65m©96MdOLS S BsMNMBJBOL dobggzom

S

3950,
Dm0 dygobgstmmo smbo
9dudmbogos 1 2 3 4 5 6 7
(GoaEgbmds | qmosbgo | s6saz0 09630 3o soembo | doGogdomo Lo
©5 BH0MDO) 3¢s®Hsbo
B oM. 4 0 9 0 1 1 15
RO, 0.7 0 44 0 0.2 0.6 5.9
& oM. 1 0 6 0 0 3 10
RO, 0.2 0 4.6 0 0 15 6.3
© 65mQ. 1 0 1 0 0 1 3
RO, 0.1 0 0.5 0 0 0.3 0.9
5 | Gso. 1 1 5 2 2 2 13
RO, 0.1 0.7 1.3 1.4 0.4 0.3 4.2
Bo | Gom. 6 1 13 0 1 1 22
RO, 2.6 0.1 4.2 0 0.2 0.1 7.2
Bs oM. 6 2 16 1 2 8 35
RO, 1.5 0.2 14.4 0.3 0.5 2.8 19.7
b | 6sm. 2 1 5 0 0 7 15
RO, 0.2 0.2 16.3 0 0 1.8 18.5
LS 500. 1 0 13 0 0 5 19
RSO, 0.1 0 18.2 0 0 1.4 19.7
L Gomgbmds 22 5 68 3 6 28 132
by BoGomdo | 5.5 1.2 639 1.7 13 8.8 82.4
0
0D 2010
B0 d94obzs6meo smbHo
9Judmbogos 1 2 3 4 5 6 7
(650229685 | moshgo | ssygo 0960 sbos s6Embo | 3oModomo Loy
5 BIOMMDBO) 5m5B360
) 6omQ. 3 0 13 0 1 1 18
R3O, 0.5 0 2.6 0 0.1 0.5 3.7
& 6omQ. 2 0 6 0 0 4 12
RO, 0.3 0 3.5 0 0 1.0 4.8
© | 0. 0 0 1 0 0 1 2
RO, 0 0 0.5 0 0 0.1 0.6
5 | Gom. 0 1 4 2 2 1 10
RO, 0 0.4 0.7 1.1 0.3 0.1 2.7
Bo | Gome. 2 0 9 0 1 0 12
RO, 1.3 0 2.2 0 0.1 0 3.6
Bo 65000. 4 0 16 1 2 8 31
RO, 0.6 0 12.5 0.3 0.4 1.6 154
boo | 6omep. 2 0 5 0 0 6 13
RO, 0.2 0 133 0 0 1.1 14.6
RS 0 0 11 0 0 5 16
RO, 0 0 16.0 0 0 0.9 16.9
Legem Gomggbemds 13 1 65 3 6 26 114
bvgee BoBonmdo 29 0.4 51.4 1.4 0.9 5.3 62.3
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[}
0 2015
bmyso dg4obgs®meo s9bo
9gu3mbogos 1 2 3 4 5 6 7
(H502096md> @05bg30 3035330 090 sbss soOnmbo | doMojomo Lvgeo
05 BOOMMBO) 5em5Bsbo
] o00. 1 0 7 0 0 0 8
BIOO. 0,3 0 1,6 0 0 0 1,9
b o00. 2 0 5 0 0 4 11
BOGM. 0,2 0 3.1 0 0 0,7 4.0
© o00. 0 0 1 0 0 0 1
BIOO. 0 0 0,1 0 0 0 0.1
S 500. 0 1 3 2 2 1 9
BOG. 0 0,4 0,4 0,8 0,2 0,1 19
Bo | Gom. 2 0 5 0 0 0 7
BIOO. 0,9 0 1,3 0 0 0 2,2
Bs | Gome. 2 0 12 1 1 4 20
RO, 0,2 0 10,6 0,2 0,1 0,9 12,0
b | (oM. 1 0 4 0 0 6 11
RO, 0,1 0 11,9 0 0 0,7 12,7
Lo (>mQ. 0 0 7 0 0 6 13
RO, 0 0 13,3 0 0 0,5 13,8
Lo G5 gbeds 8 1 44 3 3 21 80
bme 3sHOMBdO 1,7 0,4 42,3 1,0 0,3 29 48,6
@
0 2020
bmys©o dgob356meo smBo
9Jb3mBogos 1 2 3 4 5 6 7
(Go020296d5 @osbgo | 50330 09MH0 sbs s®ombo | JoModomo Loyem
€05 BIMMMBO)
5e05Dsbo
B (>mQ. 0 0 5 0 0 0 5
BIOO. 0 0 1,0 0 0 0 1,0
1 50100. 1 0 5 0 0 2 8
BIO. 0,1 0 2,6 0 0 0,1 2,8
© (>mQ. 0 0 0 0 0 0 0
BIOO. 0 0 0 0 0 0 0
5 | Gom. 0 1 2 1 0 0 4
BOGO. 0 0,3 0,2 0,4 0 0 0,9
Po | Gsme. 2 0 9 0 0 0 11
BOO. 1,0 0 12,2 0 0 0 13,2
B 6om. 1 0 10 1 0 2 14
BOO. 0,1 0 8,7 0,1 0 0,5 9,4
boo | 6omep. 0 0 5 0 0 2 7
BOO. 0 0 11,2 0 0 0,2 114
Lo M3me. 0 0 6 0 0 2 8
BOO. 0 0 11,9 0 0 0,2 12,1
Lo Gomqgbmds 4 1 42 2 0 8 57
by BoBNMdO 1,2 0,3 47,8 0,5 0 1,0 50,8

d9-5 @bc®owolb dobgwozom  Fgagbowos  50dmbagergm  Lojo@mggerml  4obzamadol  Bmyswo
9Ju3mboEool  asbsfoargdols Ggdsxsdgdgero  (3BGOWO  39FHIWMAOL, D 1-0b, MEPD 2-0b, MEDH 3-ob
9mbs(3999000, G5 6MBOLS s BoMMBdOL dobggom (GbMowo 6).
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300 6. 50dMbsgEgo LsgsGmggarml dgobzsmgdol Bmaswo gdidmboiools aobsfowrgdols 8gdsxsdgdgero
BHOHOWOo 3535 @a0L, D 1-0b, ED 2-0b, 1D 3-0b, dmbszgdgdoom,
650096MB0LS S BsHNMdOL Jobgz0m

9dmbs398900 Dm0 gJudmbogos
) Y © S B Bs Lo LS
g1 8|91 8|l91&|91&l91&8|918]g18&|9]E
Ele| €le| €|l | &|le|€|le|&le|€]€]| &€
€| O E | B|E|B|E|B|E|P|E|B|E| P E|PB
3o@dmaoom | 15 |59 | 10 | 63| 3 | 09| 13 | 42|22 |72|35|197| 15 |[185| 19 |19.7
0Ed 1 18 |37 ] 12 | 48| 2 (06|10 |27 | 12 | 36| 31 |154| 13 |146] 16 | 169
0D 2 8 19|11 |40 1 |01] 9 | 19| 8 |24 | 20 |12.1] 10 |12.8| 10 |13.8
0D 3 5 [10] 7 |28]| 0 0 5 |1.0| 8 | 22|14 |94| 7 |114| 6 |12.0

000mbogEgm  Lodo®omgzgermdo  94obzaMgdbyg 3wodsdol  900obstg  (33¢owgdol  dggyos, ™A
d94ob35M900L  MMYMOE MomEbmds, 0l BoMOMBFI0 y3zgws gJudmboEool dgobgzsmolomzol  Js@Eowrmyol
9bs(39090msb  IgaMgdom 2010 {ierosb  dmygmegdmwo 6308 g3m s  03¢gdl.  smdmbogego
Lodommggerml 94obgaMgdol Bmaso gdudmboiool M3oMms@gbo dodoMmmEgds OHMYMMOE JoGIWMEom, ol
0EbB-0l dobgz00 GO BOOOWM-503Mmbogwgool, 990y POHOEM alvgEgmob. g4zgwsbyg bozangdos
L5300l gdudmbBoools Igobzstgdo, HmIwgdoa 2020 ferobsmzgol, LsgMomme JMhgds.

51930  LodsMmzgermdo 599obzsMmgdol Mdmoggl 396l FoMTmoagbl 39335b0mbols LsdbGmgomo
39OMd0  [9], bmwm 50dmbsgergm  bsjsGmggemdo dgobgodgdo ®mMogzg, BOHowgmol ©s  LbadbMgmol
RIOMBOMss Fomdmoygbowo.

Mom©9bmdol dobggom §odyzsbo syowo AHowmm®o (B, B, s Bs) gdudmBogool dgobgzatgodl
35309. 8990099 Im@ob bsdbOHgmwyeo (U, L, s bs) gdudmboool Igobzsmgdo.

B&owmmm®mo 9Judmbogool dgobzsdgdo Mmgmalio Aobwsygdmmos 35335b0mbol d3m Jywgdby,
BOowmmemo 9Judmbogools 94obzstgdol sbgmo oo ®omEgbmds gsb3oMmdgdMmos 35335b0Mmbol JBHm
90900l 396H00sbo s bdsbgEMMO F0dsMMYWIdom. 35000 FMORMIGEHMO0IO S INORMAMSBOLIO
30000400l odm, Bmaxg® Tbmwmo 58 Jggdol BOowmam BIMEMdH s Tglsdmgdgwo doMy Bmdol
d94ob35m900L s®LYdMds [5].  BOOWMHO gJudmboEool IYobzsMgdol BoMMMdIOO Po30¢gd0m bo3agdos
LadbMgoeo gdudmbogool dgmbg d4obzsMgdol gseMdYdBY.

dombgog 0dobs, GMmd AOOowmMMo gJudmbogool dgobzamgdol Mom@gbmds Ig@os LsdbMgmvyero
9Jb3mBogool  dgobgzoMgdby, AOOMMMO  gJudmbogool  8gobzatmgdol  sybgdol  dobgzom  xsdMMO
BMHMNMOJO0 65309005 LsTbMYMEo 9JudmboEgool 8Jmbg 34obzstgdol XM BoMNMBIODY.

50560365305, M szl dY4ob35MGdOLY, Bsdozg 35sDY JE0TsEol (33W0GO0? R3B30MHMDYOMEO
9940b356m900L  ©gaMo3ool  dggae  §oMmdmddboo  MM3wbsMmgdoEIb Y4zgwsbg dgBos BMOWw MmO
0JL3BoEooL, berm yz3qw sy 65309805 L3 IMOL 9Ju3MBoEooL MM3EbBsMmgdo (GbMHowo 7).

gbM0oEo 7. 503mlsgergo begds®mgzgml 34obzstvyeo s1BIBdOLL MMZmBIMIBOL gsbsfoegds Bmyso
9Ju3mBogoolb dobgzom mED 1-0b, MED 2-0b, OED 3-0b Jmbsggdgdom

dmbBs398900 0003¢656980L Bmyswo gdidmbogos
B s © 5 B B> Lo bs Lmem
oD 1 1 1 0 5 8 7 5 3 30
oD 2 12 3 2 1 10 16 7 6 57
oEb 3 9 7 3 5 10 22 11 13 80
Lmem 22 11 5 11 22 45 23 22 167
©3l33bs

5035650 890dmgds 3513365, HMI:
o 5IMLIZ3EYm LodoM Mz ™o, 35@9wMyol Jobgzom, Y39wsHg OO MoMmEIBMBOM Yo3M(39EdOs
3900 d4obgzsmgdo, byer 70, bmeom 998093 o300 d4obgzsmgdo, e 23. 2020 ferobsmgzol scmBs 16

99



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

3900 94obgoMo s 03039 MomErbmdol e300 dgobzoMo. smdmLogago Lods®mggwrmdo g43zgws
3mOHRMEW®MA0O0 30306 4ob3zsm0 Jo@owmaol dmbs3gdgdmsb dgsmgdoom 2020 fierolsmgzgol 0b@gblowm®ma
03q0L, GMYMOE dyobzsmgdol MmomEgbmdom, ol 353900 XsFIMMO BoMMMdOL dobgzom. sMMMbol
0mBdo LogMmmME s@o® 5MOL d4obzsMo s FbMwm© 5 mMmzEbsMomss FgdmemBgbowo. yzgmsby oo
651 gbMmd0m IYobzsMmgd0s MgMHoL 5Bdo. 68 I4ob3zsMm0H, MMIGLWMIE 93939500 BoOmMdo 63,9 39% 2020 Hoerl
50GHOEbYIEos 39 dYobzoMo s 3500 Jogl 393900 GoMmMMBOs 36.9 3% M3 035l 60Tbsgl, MM MgMyol
0B do 894obz5m900L Mom@gbmds d9830MH©s 42.6 %-0m, beewm s J0gM 93939090 GSMMBO — 42.2 %-00m.

o 5EIMbgwgm  bodoMmzggumdo  3erods@ol  308@obsdg  (33womgdol  ao3egbom,  35@SXMY0m
00Mbo3Egm bodoMmzgemdo sMLYdwMEo 132 d4obgzsmrosb 2020 Herolsmgol Lyyen dgdmBs 52 d4obgzsto sbvy
3940635900l MomEabmds dgdgoMos 80 dyobzstom (60.6 %). 9yobzoMgdol xsdwmo Bsmomdo 82.4 30*-sb
aobo 39.8 30% sbvy GgdoMs 52.6 30%-000 (63.8 %). 50539 @MHML LG bodsHMNzgemdo dyobgzsmgdol
X50O0 FoOOMBO (JoEHowmpaom) 465.7 382, 2020 Heoolsmzgol gobs 274.9 382 sbw dgdgoMes 190.8 302-0m (41.0
%-0m). Mo dggbgds 894obzsm19d0L Mom@Ybmdl ogm 409, bmerm 2020 5. — 375, 56wy dgdgoms 8.3 %-om. gb
BOBOIOO 5QILEGHNMMIOL, MM 50IML3Ego bodoMmzgumdo 3w0ds@olb 33wowgdol 99gas© dgobgzaMgdol
©JAMOE0S 33000 BHMxs© J0d0bsmgmdl 3006 3o LodsMmm3gwmdo. g b3oMHMdYdMMOs
LogoMmggeml 59 Boffoergdls Mol 3¢0ds@ol oo AsBLbZs39d0m, 30650@B sETMLszEgm LogosMmggermls
3w0ds¢ho 08 J396m90mbdo  Lssi dYobzsmgdo sMmol  gobwsygdmwo, bslosmgds bsdzow Bosgbrmemls
93 gdMmo  3ooo  dm0osbgmol Bmdoghs Moo 35300, bmerm  sbsggem  Lads®mzgarml ol
J43960920mb0 Losg 894obzs6mgd0  5M0L, bolosmEgds Bowodmol bm@Gom 353000 399©T0Z30 MMIEOM O
dg4obgzomgdoom.

e 39406356900l ©9RME0d 0§393L 0M3wWbsMgdoL MoMm©Ibmdol BOELL. Yy3gws 0M3wWbsMo oMo 56
5300090 FMORMEMPO0Lss. 5©0IMbIZEgm LodoGM3gEmTo 3539MP00 sOMmOEbwo 132 dyobzsmosb
2010 §erol 096593B30 M@0 8mbsggdgdom Fo®dmoddbs 30 mmgwbs®o s godms 10. 2015 ferobsmgol
§900m0dadbs 57 0mzwbs®o s 4odMms 34 84obgzs®mo, bmem 2020 Farobsmgol §s@dmoddbs 80 omgwbs®o s
29J6s 65 3gobgzoMmo. sy MM, 2010 Herosd mmgzwbsMgdol @s AsIMowo  TYyobgzsMgdol MHomegbmds
0b6@gbLoMms 0BMEYdS. L Fo®dmogdbs 167 mmzebso s dodMs 109 dyobgsto.

o 5>IMLIgEgm  Lodo®mgzggemdo dgobgzoMgdby 3w0doGol  d0dobstg  33wowgdol  dggyos, O™
d94ob35m900L  MMYMOE Mom©gbmds, 0l BoOMMBIFIO yzgws gJudmboiool dgobgzsmobomzol  Js@Eowrmyol
9tb5(39090056 dgocmgd0m 2010 fferosb dmymergdvemo msbdodg3d s 03wgdl.

*  50IMbO3EWgm bodsOmmM39wwml 4obgzsmqdol Bmyso 9JudmboEool M30MIGILO 0BG NMMIds MMM
39GOWMPom, 0bg mEDH-ol dobgzom MOl BOHPOEM-500mMbsgergmol, 8909y POOWM  ©absgegmob.
439wobg 6531005 aLZgMolL gdudmbBoool 8gobgzstmgdo, GmIwgdon 2020 Hrrobsmgzol, LogMmmo JoHgds.
5060865305, MHMI  Abs3LsE  BYoblzsmdOLS, LsBo3g 35sDY JE0ToGOL  (33EOWId0m  AIB30MMBYOMEO
d940b35M900L  ©IMes3ooL oo  Homdmgdbowo  MmMmzwbsMgdosb yzgwmsby dgBos BOHowMmGo
9Jb3mBoEooL, bem yzgusbg bogengdos @obiagwrgmol gdudmboool mmgawbsmagdo.

¢ BMOomnMo  9dudmBogool d4obzsMgdo MIMIgzMLIE FobsggdEos 353350Mmbol d@™ Jogdby s
000 RoMHMNMOIJOO 25(30¢2gd0m b33 gd0s LodbMmgomwo gJudmbogool ddmbg d4obgzsmadol BommmdYdBY.

e Jobgsg 0dols, ®MI BOHowmweo gdudmboEool dyobgzs®gdol Momgbmds dg@os bsdbGmgmvyco
9Jb3mBoEool Igobgzstgdby, POOMMEO gdudmbBoEool yobzsmgdol XsTMMO BIMMIJOO AOEOWIOOM
Bo3engd0s LsdbMgmero gJudmbogool dJmbg dyobgzs®gdol xsdw96 BsMMMIYGODY. BOowmmMo  9dudmbBoiool
00M3bsMm9dOL MomgbmdsE 3o(30€gd0m dg@E0s LadbMmgmeo 9gdudmboiEool IJmby Mmmgzbsmgdby.
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UDC: 551.50.501.7

Results of the study of the morphology and exposure of glaciers and snowfields in the glacial basins of estern
Georgia based on satellite remote sensing/ Shengelia L., Kordzakhia G, Tvauri G., Guliashvili G., Dzadzamia M.
Transactions IHM, GTU. -2025. -vol.136. -pp.89-101. - Georg., Summ. Georg., Eng.Rus.

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

YJIK: 551.50.501.7

Pe3yabraThl M3ydeHHs1 MOP(]OJIOrUM U IKCHO3ULNUHU JeJHUKOB M CHEXHMKOB JIEAHUKOBBIX OacceiilHoB Bocrounoi
I'py3un Ha OCHOBE CHYTHMKOBOIO JucTaHIOHHOTO 3oHApoBaHus/ Illenrenus JI., Kopazaxus I'., Teaypmu I'., T'y-
muamBuin I'., J3am3amua M./C6. Tpynos UTM I'TV. - 2025. — tom 136. - ¢.89-101. - I'py3.; Pe3: I'py3., Auru., Pyc.

B crarbe npezacTaBieHsl pe3yabTaThl H3yYeHUs] MOP(OIIOTHH U SKCIIO3UIIMH JICJHUKOB ¥ CHE)KHUKOB JIEIIHUKOBBIX
GacceiiHOB BOCTOYHOH I'py3un IO AaHHBIM KaTajora M CIyTHHKOBOTO JAMCTaHIMOHHOTO 30HIupoBanug 3a 2010, 2015 u
2020 rozs!. Mcrons30BaH COBPEMEHHBII METO/ ONpeAeIeHHs SKCIIO3UINHU JIETHIUKOB, KOTOPBIA alipoOUpOBaH U MPUHSAT B
MHUPOBOH MPAKTHKE, YTO MPAKTHUECKN HUCKIIIOYAaeT OIIHOKH MPU U3yUEHUH IKCTIO3UITNH JIeTHUKOB. [IpencTaBieHsl pe3ynb-
TaThl U3MEHEHUsI KOJIMYECTBA U TUIOLIAJIeH Pa3IMYHbIX MOP(OIOrHIECKUX THIIOB M SKCIIOHUPOBAHHBIX JICTHUKOB M CHE K-
HHUKOB JICTHUKOBBIX 6acCEHTHOB BOCTOYHOM ['py3un B pe3yabpTaTe COBPEMEHHOTO H3MEHEHHS KIINMaTa.

101



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

doi.org/10.36073/1512-0902-2025-136-102-105
UDC 551.556
Use of Structured Data to Evaluate Natural Hydrometeorological Events
in Vulnerable Regions of Georgia
Marika Tatishvili, Inga Samkharadze, Ana Palavandishvili, Nana Nebieridze, Khatuna Elbakidze-Chargazia
Institute of Hydrometeorology of Georgian Technical University
m.tatishvili@gtu.ge

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

Gudauri 128 106 151 0 536

Khaishi 102 108 96 1.0 670

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

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

Shovi 98 85 111 3.4 444

Stepantsminda 62 34 89 0 252

Tianeti 64 42 85 0 277

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

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

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

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

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

Borjomi 0.7 0.5 0.8 2.2
Goderdzi 4.8 5.4 4.2 10.7

Gudauri 1.2 1.1 1.2 3.4

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

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

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

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

The changeability of the AV values in the separate points is the following: Bakhmaro — increase (January, March,
May and June); all another station, except Shovi — decrease (all months, mean annual, cold and warm seasons mean);
Shovi - decrease (all months, except April, June and October, mean annual, cold and warm seasons mean).
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399300900, ®dEs F9duodocrMo LoRJsMYgdo ASBOHOW0s. 9EIRJ00 Tgodwgds godmygbgder 0dbsls
QM0 d93gmdobydol Lol gdgddo.

V]IK: 551.556
Hcnoab3oBaHue CTPYKTYPMPOBAHHBIX AAHHBIX A/ OLEHKHM HNPUPOAHBIX T'HIAPOMETEOPOIOrHYeCKHX
siBJIeHUIi B yA3BUMbIX peruoHax ['py3uu /Mapuka Tarumsunu, Uuara Camxapanze, Ana [lanaBananmBuim,
Hana HeOuepunze, Xaryna Onbaxunze-Yaprazus/C6. Tpymos UTM I'TY. - 2025. — tom 136. - c. 102-105. -
I'pys.; Pe3: I'py3., Auri., Pyc.

MecrormonoxxeHue U oporpadudeckune ycioBus ['py3un o0ycrnaBauBaroT GOpMHpPOBaHHE pazHOOOpa3-
HBIX KIIMMAaTU4eCKUX U JaHAMA(THBIX TUHOB. DTH (HaKTOPBl OJAronpuATHB Al GOPMUPOBAHUS CTUXUHHBIX
THIIPOMETEOPOTIOTNIECKUX SIBICHUH (HaBOIHEHHUS, OMOJI3HHU, yparaHbl U T. J.) Pa3IMYHON MHTEHCHBHOCTH U
4acToThl. V3y4eHne Bcex 3THX sSBIEHHMA TpeOyeT 00padOTKH MHOTOJIETHUX PSOB HAOIIOICHUH 3a KIIMMaTH4Ie-
CKUMH mapaMeTpamu. lLlenpro NpencTaBICHHOrO HCCIEIOBAHUS SIBISETCA M3Y4YE€HHE IPOCTPAHCTBEHHO-
BpPEMEHHBIX 3aKOHOMEPHOCTEH OCHOBHBIX KIMMAaTHYECKHX MapaMeTpOB B TOPHBIX peruonax ['pysmu. Paccum-
TaHbl CICAYIOIIUE CTATUCTHYECKHE NapaMeTphl U KIMMaTHUECKHUE WHACKCHI: CTaHAAPTHOE OTKIOHEHHE, Cpe/-
Hs1s1 a0CONMIOTHAS OIINOKa, SKCTPEMYMBI TEMIIEPATyP, YUCIO SKCTPEMAJIbHBIX AHEH ¢ 0caKaMu, IIOBTOPAEMOCTb
JHEW C CHJIBHBIM BETPEHBIM BO3ayXoM. Mexay nByms 30-IETHUMH MEpUOJIaMH CPEJHEr0JI0Basi TeMIeparypa
MOBBICHJIACh TIOYTH IOBCEMECTHO, /10 | Tpanyca; cpeanee noseiienne cocrapiser 0,5°C. YcraHOBIEHO, YTO 32
BTOPOH MepHoj HaOII0aeTcsl CYIIECTBEHHOE MOBBILLIEHNE CPEeHEH MaKCUMalIbHOM TeMIepaTyphl BO3LyXa OT
0,3°C no 1,2°C. H3meHeHus peskuMa 0CaKOB HECTAOMJIbHBI BO BPEMEHH M MPOCTPAHCTBEHHO HEOIHOPOIHBI,
XOTS U XapaKTepHU3yIOTCsI HEKOTOPOH 3aKOHOMEPHOCTBIO. B 4acTHOCTH, T0/10BOE KOJIMUYECTBO OCA/IKOB B 3amajl-
HOU I'py3uu B OCHOBHOM YBEJIWYMBAETCS, & B HEKOTOPHIX BOCTOYHBIX PErHOHAaX — yMEHbIIAeTCs. TeHICHINU
M3MEHEHUS CPEeAHEN CKOPOCTH BETPA, MO-BUANMOMY, YMEHBIIAIOTCS, OAHAKO MaKCHUMAJIbHBIE CKOPOCTH YBEJIH-
yrBaroTCcs. Pe3ynbTarbl MOTYT OBITH HCIIONB30BAHBI B CHCTEMAX PAHHETO OTIOBEIICHHS.
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239Bogbua-bogbryedo, HmEILsg MOH03g 06@gJuo dewoge g3sw3sBg B0MOMYRL, BHYgdo smgdyeo GCP-gdob
NDVI 9608369cmdgdo  bs3dom@  dowoos. 03039 Lo@Gwogoss mgwsgol  99dmbggzsdog.  LoagoMgxmb
d90mbgz93580, 35030l 0b6@JLgdol 3MEgwsgos NDVI-ob 06@035@¢™O0mb 1s305m@  ©idoeos. 9eHmo
dgbg30m, MMameE BsbL, ©go™mBOlgsOmdo byMomo gsblbgsggdmwos, Lossz NDVI 860d3bgwmdgdo
50b0dbm 39MHom©do 93060gds. 59 990mbzg35d0, bbgs LoAMYOOLYRE Aoblbgsggdom, NDVI-bs s 435¢30L
0609gbgdL IOl 3069305 RO FoSE0s. 00539 39000, EIOMABOLHYsOMTo bogrgdgdol 9dz0cmgds
©580JLoMEs. gb BHYBIbEos gbgds LobmEErM-LodgmEmbgm s dMbxdMO3 W sbEAsxEJOL, sdoGHmd NDVI
3603360wmdqdol  3MgEsEos  239¢30L  06gdugdmsb  doosh  dLaoglos.  Lsdfmbsdm,  EsymEIbol
30035@ M0 3Mmbs3gdgdo sMLOMWO 0gm, M3 BMLEGHO LYMmICOL s©ddsl SMMMEGdEs. M3, SOLYdIYWO
9mbs(390900 5@ILEMMYOL, MM Fyggdol Fgdmbggzsdo, a35¢30L 0b@gdugdls s NDVI-ob 360d36gwmdgdl
BmMobL 30693305 MOMJIOL 96 SOLYOMDL.

330935 BoGOMm©s  39bgmol  Fogorombyg, Loog 635w xgM™mgsbo  3ewodsGMmo  30MMdJd0
Wbdoxndgdo  sMLYdMBL. Fggagool  Lsgd3zgwby Tgagodwos  As3006se0bmm NDVI 0bpogzs@mmgdl,
Boggdgdls  @o  335¢30L  0bEgJugdl FmMol  MOMNOYONITMI0IOIYEgds.  89gAgd0  9h39bgOL  IdO
3MO5309L 335030l 0bgdlgdLs s NDVI 8539698¢0gdl dm®ol yz9ws LsayMolmgol. gl gsblszmm®mgdom
d9L59hbg305 39690030 WbETsxyEHJdOL Fgdmbgnzsdo. LolmBErM-1s89OBIM RsMMMBYOL TGOl 3MHYWHEOS
89050900 M39009L0s, M3 350b3 B, o3 Fgodengds s0blbsl 0dom, GMI 3MWEHMOJOO YROM
93M3bMmd0sMgs 43530l JodsGmom. bggbl 33eg35d0 Asbbowmo BHyMoGMmMool dgdmbgglzsdo, gomHwrosbo
JNWGHOIO0 EOE BIOMMIL 035390, g ABLEIMIMId0m gbgds IOMBEOLTYSOML, LG JOMOMOI©
bm@dowo ©@s Jgdo dmolb. 93 Ggaombdo 0360bol dgmeg bobgzs®do dmbogowro w9339 SMIOWMWOs S
39L50590L5, s NDVI 9608369¢mdgdl 0dgrg3s. 00539 LoRMO®ME sbarml dgdsdg $HYggdo 3093 YIBO™
339Q35950degs s 35000 NDVI 86033690 mdgd0 96 033egds 0bg LHGsRs. 0001939, wWogm©gbmsb dgwstgdom,
335308 89092900 NBOM  LHMsxgs  solobgds. 91939 9bs  900bodbML, MHMI  LElmBM-LsdgMHbgm
BOMMBIO0L dgdmbggzsdo, NDVI 3s639b90gdo 995blbgs30090s 3mw@ndmgdols dobggom. 8saswoma, NDVI
05639690¢q00 B53gds 3OOl 353000900 335¢135LmMsb, 30MY 9OMHeosbo JMEEWOIdo bowolbs s
396sbols 9gdmbgggzedo. sbgzg 3603369 mz5605 2o30m35wolfobmm, sl M) 565 BgMoGMM0s InGfymwo [13].
33w930L 300093 90 F0BoMmMNYgds 0gm LaMfYs30 O MMFYs30 BoMMIOOL 0EIBEHOBOEFOMIDS. MBOGFOSWIMO
09oOHmgdosb  domgdmwo  dmbo3gdgdol  mobobds, mgsegol  dmbogodso@dg@do ML 6936 3o
396sbosb Fbmeme 589 35 (8.5%) 0Mfig390s LodoMm39eML BgEoMmMOE0slmsb MmBoEOsEMGMO Fgmabbdgdols
L53MAzgeDg. 33¢g30L JoBsbo oym 00 6533900900l OYIDs, MMAWGdOE 9O 0©gdab LIMHYsg Fyowl
M30E0SMM0 [goOhm@sb (GA) 935¢30L 0bgdugdols s VI-gdol asdmygbgdom. dombgosgs 0dobs, Gemd

23530l 06adlgdols 4s9mbsmgEgmws 4s8mz3094gbgm 28-erosbo 8mbsgqdgdo, 50 3mb3mg@ e 33eg35d0
dbmerm 2020 Herol dymBs®gmdss gomgzacobfjobgdmeo.

> —e— Value of EDI
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33530l 060gdLgdol sboeoHds sB39bs, MMI dobgags 0dobs, Gmd EDI-L oo mbsigdgdo sh39bgdL
Bmdogho Mo 3gHomEL dgbfageol GgMo@m®mosby dosolbol dgmeg 390D s 03woldo Ol ool
dog ddMo 8aMToMgmdsdo, 3Mmdgu3sosbo 0bgdugdo 535l 56 s5EalEWEMIRL (bsb. 2). SPI s SPEI (1-
30060 s 3-030560) 3609369™dgd0L Logmdzgwbyg, 2020 ferolb 393930300l LYBMBIs MomMJdol bmETslimsb
(-1-1) sbeml 8gdstg dAMBoMgmds goboisws. 0360l80 snoJloMEs BmTogMo g3swngs (SPI_1=-1.3, SPEI_1=-
1.6), beagoem 03¢00ldo 3-0030560 dmbsgdgdom, SPEIL_3-ob 8583969090 -1.1-0s.

—8— Average NDMI values of vineyeards irigated by GA
O NOMI values of vineyeards non-irrigated by GA
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B5b.3. mx30505¢MHI© 5G53MEfgmeo 653390580l NDVI-ob s NDVMI-ob (bvy. 33) bsdwgsenem
96033bgemdgd0 3939395300 39Homedo.

Bob. 3 943039690l MmxBoE0sMM© 5GdmOfigmeo Bs3zzgmgdol NDVI-ob s NDVMI-ob Lsdmswoem 960936gwm-
090 393935300L 3960MmEdo. mMH039 069Jlo MOMJIol JMMbIOMO® BYsR0MIIL, 39MAM, 53HOWLS s Fs0ldo
NDVI-ob 899005690000 ©sdsewo (0-0.3) 360d369wmdgdos, bogm 036obbs s 03woldo, dgstgdom ddGsgo
306MHMdgd0L J0bgsza (bsb.4), VI-ob 3603369mdgd0 933900Mo@ 56 3300Mgds. NDVMI-ol 9603369cmdgdo
o139 996ygmdlL 0-0.2-0b BoMqddo 03boLls s 0gaolido, Mog HYwrol sdsE LEHMILDY Jowmomgdl. Bob.3
§o6800y9bL MBOEOEMES© 353MmMHYmwo bs33gmgdol VI-ob 3603369wmdgdl s 3500 ©sdm309d9egdsls
dmmHgmeo 653390900L Lodwmswm 36093690 MdGBMSB. MmBoEGosW MM, 5533900900L 6,347.7 35 (91.5%) o6 sGOL
dmOHgmwo, Gog by 14,599 Bo3zzqool dgopqbl.

O3 Bgonm 500b60dbs, 30OLMbOL JMOgmsiool 0.5 s dg@o 8bodzbgermdols 8dmbg bs33gmgdo
3M5BMMTo M5 IMFymws doBbgme 0dbs (969 6533900900, HMAgdLsG Lodfysg FyswBg Faomds oz
33L-LSB  3MBEHMIIEHOL 9MgTY), bmerm EIBSWO  3MMHgwsgool FJmbg 6533900900 - 9MTIMGfYmers. o0
89000bg93580, 25m35¢olHobgdymos MmMogzg 0bEaJumb 3mMgmsE0s, 96y ol MMgEEIbowdo, GHMIGdLSS
mM0g39 0bgdbol dgdmbgggzsdo 0.5 56 IgBHo mOgewsEgool 0bwgduo 3gmboom. dmOfyme s s@sdm®mffyme
6033000909 VI-gdol 30693000 ©o0@oLEMMs, MM 653390900l osbermgdom 48.3%-b (MmBoEoswms©
0050mMigmao) (3348 35) 5g3lb oo JMMgEsEos ImMFymwo 653390900L badwyswm Tsh396909wsb, bmgnm
43.2% (2999 35) 06Lb3539d9o© MJor0MYPOL A35¢135Hg o MM03g 0bgduol 36083bgeMdgdo F30Mm©Ids, s6vy

9ol gn0E0GH0m 0@bxgds [14].
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—8— Average NDVI values of vineyeards imigated by GA o
©  NDVI values of vineyeards non-iigated by GA
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6sb 4. mx30E0sEYMIE 5Modmmfigreo 653390900l NDVI-ol s NDVMI-ob (lyy6. 3d)
Ls8mogom 36083690mdgdo 565398939300l 3960om©do.

©s13365. dmEm EOHML  3¢0005GHOL  33WoEgdol Asdm 35390l Loddodg 0BMEIds. #35¢39d0L
9535 dbO0Z0 396900 A5TM (89EHJMOMEWMAO0MMO0, 30OMEMY0YOHO, §3MbMT03MMO, 93MEMYOMGOO ©s 5.9.),
ol 3060306 YY) 0M0dsE IMgdgEgdL LsBmysEMgdol 3bMm3MIdOL MomMJdol y3gws 139G, OHMYMOS
90309350006, 51939 M350 39ML3gdE03580. LodoMmM3gEML SbLOsMYOL IMSZ5ERIMM3560 HYE0gxzo
@5, dgbodsdols, 3odsGmo 306MMmdgd0. 3530l 3339080  Asdmyabgdmmo  Lbgsolbgs 0bpgdlbol
Lo®omemg  ©sdm30I0os  gsdmygqgbgdremo  dmbs3gdgdol  bgardobsfizmdmdsby. dwogMo  435¢39d0L
LobdoMy 250BsMEs Jngeo Jg39ybol olidEHoedom, goblo3Mm®mgd0om dmm smfiergmeadol 4obdogermdsdo. gl
A9bgbgos  3obLogMMMgd0m Mz dolsgdos  50TMLOZWgm  LodsMmmM3gEml  ELdEMdOL  dgdmbggzsdo.
00mbO3gm LogoMmzgerml boergdqdol dmbogdgdol dogowombyg 300a3 ghmo GH9Ybgbios 3sdmzwobs. of
SPI-bs o SPEI-L 3m6MgmoEos 99005090000 ©dso ogm s 999300@s 39MH0m©ol  HBOH@olosb ghma;
0590mo, 12 s 24-030560 3gHOoMEIBOL 3MOHIMS305 MBEM  EBIWO 0gM, 30009 3 ©s 6-030560
39600m©gdoL. gl 5B39b70L, OHMI 50IMbgEgm bodsGmzgmmdo 3353900l dgx3slgdolsl »Ibodzbgwmm3zsbglios
39939M5GHO0L 330w gdol  Fom3z5eobiobgds Boergdgdol 33wowdsbmsb 9gPHMo. sdoGMI, LLLZWYD
L5doM390 M0, L3 bGHOM LYBGHMM303YM0 3e0doE0s, 3353900l d+)bgdol Jglobgd Fodmoagbol d9Jdbs
dbmem SPI-0b 259myggbgdoom sGob glodergdgaro. s50dmbsgargo bodsMmmZgEMml ELdEMdDBY, bLosg TbmEmE
gm0 0bgdom  BMbGo  bmEomol  ©obobgs  Bogergdo  LogoMom@ms,  Ixmdglos  godmoygbmo
953503390560 06ggbgdo, Losa 65¢gdgdmMsb gMmo@ Fomgzsolfiobgdmmo 0dbgds GHga39ms@GMGs ©o
bbgs dmbsigdgodo [8]. PCC (3 mgg), G®m3garog 56396906 SPI-SPEI-l 8m®ob §6H 5303 3038060, bo3dsm 850se0s
RMSE (SPI-SPEI) 95005 y39es BoarMolbogol, 3oblegwommgdoom bsdwtobs s mgaegzolmgob. (gb®owo 1).
SPI-SPEI-bovgol (12 o3g) PCC (12 o3g) 9s0oos. R2 @odoeos g3ges boam®olomgol. RMSE (SPI (12)-SPEI
(12)) 9d5¢005, 53 00gsew6 dqlodsdobmdsls 60dbsgl. yz9w sy dwogMo 39530600 IGOJLOMEs MsbsBIMO
©OHMOL 396MH0MmEIdoL godmygbgdom 0bwgdugdl ImMol. MOl Bsdm@BI6ol BMHEILMD gMms, (33¢odL
dmeob 3539060 LybBgds. LoaMgdol doabom SPI-SPEI «&mmogthommdgdol PCC dsrosh dowowos, beerm
LoMMIdL Mol - F9gEsMgdom  ©odswro. gl dgodengds  s0bLBLL  0dom, MMI  dgEHIMOMEMYOMOHO
3561509BHMgool - $gd3gmo@eol s 2oblLo3MM®mgdom  Bogrgdgdol  LozmEME-EOHMOmo  Fobsforgds
9653500x3gMHM35605 Lbgoslbgs 5Q0olmgol, bbgoalibgs LodsmErg®g s LoAMMYd0  gobersagdmwos
bbgsolbgs 3000d5@1OH Dmbsdo. byymMgdl memol dsbdowro sbg3zg 3609369 mzs60 Gog@memos [10].

33w9390 5B39bs, BHMI boergdgdls s NDVI-I dm®ol 1OHm0gmhomds Howeros @ 3Me35¢ Bod@mMbgs
©50M3090E0.  DMPS©I©, GHYJgool dgdmbggzedo, gl 39306H0 NBOM  LMLE0s, Gd3 Msg30L  dbGOZ
©53Mm3090mwos  bol  ggbgms  LobEGgds®y, Mog bgwl  Mfgmdl  d3gbsdgdo  BH9bosbmdol  bsby®mdwog
39656BbgdsL, bergrm Bmoem3zsbo GHgMoGHmMos s930oMgoL smMmmJEgdsl. dgmmgl dbGmog, NDVI-UL, boggdgdbs
©5 33530l 0bgdugdl Mol 3538000 RGO  960d3b6gwMm3zsb0s  LalMGEM-bsdgM@bgm  Gs0MbYdTo.
d9lisd500bs, Lbgoalibgs G030l 9;39bsMgEmds 3oblibzsg3gdmmws MgoaoMadl azsw3sHg gHmo ©s 03039
3005¢HM  3060mdgddo. NDVI Mol Lg®ogdol godmyabgdom, B396 29bLsbmgMezm Ladwmswm mzom®
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36033600 mdqdL  mommgmmo  FadGowobmgol, Mooz dm3gzgds  Lodwewm  m3owco  96033bgermdgdO

53OHN@O ©d 8698G030 WsbTsxEIdoLmzol [13]. 33egg0L 303 9HMO B0IIGOMYds GOl LsGFysgo
9ol 5609a85BmBogho  359myqbgdol  0IbEH0R0E0MIdIOL  gledergdemds.  gbbowimo  33eg39d0L
0050mgdds> sh39bs MHMT LodoMmmz9gemli olEGH000 435¢3900L  33¢g30LsL  25sdhYy39G0 8608369 mds
9603905 3939MmOME™MA0m@0 dmbs3gdgdol batolbl s LoAMMgOOL Lomasbsm bLobdoMgl. 3093 GO JMNSZsM
390mfiggzo0  MPgds g3994bol BobdBHodom  doffombatygdermdol dgbobgd dfocmo  dImbozgdgdo. dgbodsdobo
Bodommggeml dsld@odom 235¢3900L 93MEMROWOHO S §306MI03MMHO 2o3eqbado Tgloggsligdws bsFotMms
©IBHOCOHO 3393900 439ws bgerdobsfizomdo dmbsggdol gomzswofiobgdom dom dmMol ©obEsbgom®sao
DmboMgdwo dmbsizgdgdo.
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UDC:111.111

Difficulties in Estimating the Negative Ecological and Economic Impacts of Droughts in Georgia/Mariam Tsitsagi, Zaza Gulash-
vili, Ana Palavandishvili, Marika Tatishvili, Nanuli Zotikishvili/ Transactions IHM, GTU. -2025. -vol.136. -pp.106-116. - Georg.,
Summ. Georg., Eng.Rus.

Drought is one of the main challenges of climate risks in Georgia, the intensity and spread of which have increased significantly in
recent decades due to climate change. The aim of the study is to assess the ecological and economic impact of drought and identify irrigated
lands using drought (SPI, SPEI, EDI) and vegetation indices (NDVI, NDMI). The data analysis is based on climate information for 1991-
2020, obtained from meteorological stations of the National Environment Agency and visualizations based on SENTINEL2 satellite data.
The study revealed that the correlation of drought indices with vegetation indices in Eastern Georgia is low, especially in natural landscapes,
which is due to the variability of temperature and precipitation in the region. In contrast to the humid climatic conditions of Western Geor-
gia, in Eastern Georgia there is a tendency for the correlation of SP1 and SPEI indices to decrease with increasing rainfall periods. It was also
revealed that NDVI and NDMI indices are more sensitive in the case of areas covered with agrarian, annual crops, which indicates a high
response of these crops to drought. An important finding was that a significant part of officially non-irrigated plots can actually be consid-
ered irrigated based on the high correlation of the indices. In particular, 48.3% of non-irrigated plots in Telavi Municipality have
NDVI/NDMI indices in high agreement with irrigated areas, which may indicate informal irrigation practices. At the same time, 43.2% of
the indices show a sharp decrease, which puts them in a state of high drought sensitivity. The research made it possible to assess the effi-
ciency of irrigation systems and identify informal irrigation, which is an important basis for better management of water resources and sus-
tainable development of agriculture.

YIK: 111.111
TpyAHOCTH OLIeHKH HeraTHBHBIX IKOJOTHYeCKHUX U IKOHOMHYEeCKUX nocjeacTeuii 3acyx B I'py3zun/Mapuam Huna-
ru, 3a3a TynamBuian, Ana Ianasanaumsuian, Mapuka Tarumsuian, Hanymu 3oruxumBuwm/C6. Tpynos UIT'M
I'TY. - 2025. — rom 136. - ¢. 106-116. - I'py3.; Pe3: I'py3., Auru., Pyc.

3acyxa SBIIETCS OTHIM M3 OCHOBHBIX KITMMATHUIECKUX PUCKOB I py3ii, HHTEHCHBHOCTB U PacIPOCTPaHEHHUE KOTOPOTo 3HAYH-
TENIBHO BO3POCIM 33 TIOCIEHHHME JACCATINECTUA W3-3a M3MEHEHWsl KMara. Llenmbro uccneoBaHMs SIBISIETCS OLEHKA 3KOJIOTo-
SKOHOMHYECKOTO BO3/ICHCTBISI 3aCyXH U BBIBJICHHE OPOIIACMBIX 3eMeJIh C UCTONb30BaHMeM uHiekcoB 3acyxu (SPI, SPEI, EDI) u ere-
tauponHoro uanexca (NDVI, NDMI). Anaimi3 raHHbIX OCHOBaH Ha KiMMarnyeckol nHdopmarmu 3a 1991-2020 rozpl, noy4eHHo#H ¢
METeOpOJIOTMYECKHX CTaHIMK HaroHaIsHOTO areHTCTBa 1Mo OXpaHe OKPY’KAFOIIEH CPeIbl, M BU3YaTH3AIIAX Ha OCHOBE CITYyTHHKOBBIX
naraeix SENTINEL2. Mecnenopanue mokas3aio, 9To KOppessIs HHICKCOB 3aCyXH ¢ MHIEKCAMH pacTuTeNbHocTH B BoctouHoi ['py3um
HU3Kas1, 0COOEHHO B MPHPOJHBIX JIaHAIIA(TAX, YTO 00YCIIOBICHO N3MEHUMBOCTHIO TEMITEpaTypbl M OCAJKOB B pervione. B ommmane ot
BIIKHBIX KIIMMATHYeCKUX ycioBuid 3amamsoit ['pysrm, B Bocrouroii ['py3mm HaOnmromaeTcst TeHICHIWS K CHIDKCHHIO KOPPEISIIIN FH-
nexcoB SPI i SPEI ¢ yBenmmuennem mepronioB ocankoB. Taroke 0bu10 BeIiBIeHO, 9To HHIeKes! NDVI n NDMI Gornee dyBcTBUTETBHEBI B
CITydae TePPUTOPHIA, 3aHATBIX CEITECKOXO3SHCTBEHHBIMHI OTHOJIETHUMH KyJIBTYPaMH, YTO CBHUIETEIBCTBYET O O0Jiee BBICOKOM PEaKIIIH
3TUX KyJIBTYp Ha 3aCyXy. BaKHbIM BBIBOJIOM CTaJIO TO, YTO 3HAUMTENBHYIO YacTh O(QHUIMAIGHO HEOPOLIAEMBIX YUacTKOB (hakTHuecKu
MOJKHO CUHTaTh OPOIIAeMBIMH HAa OCHOBAHMH BBICOKOM KOppeisiy MHIEKCoB. B wactHoCcTH, 48,3% HeopolaeMbIX y4acTKOB B MyHH-
munaymrere Temagu nverot naaekcst NDVI/NDMI, Haxomsiiecs: B BBICOKO# CTENEHH COOTBETCTBHSI C OPOIIAEMBIMH IUIOMIAISIMH, YTO
MOXKET YKa3bIBaTh Ha HehopMaIbHYO IpakTHKy opotieHust. [Ipy aroM HabIoaeTest pe3koe CHIKEHHE MHIIEKCOB Ha 43,2%, UTo CTaBUT
UX B COCTOSIHHE BBICOKOH 3aCyXOyCTOIYMBOCTH. VIccenoBane MOo3BOMMIO OLEHUTD 3(()EKTUBHOCTD CUCTEM OPOIIECHNUS M BHIIBUTH He-
(hopMasIbHOE OpOIIICHHE, YTO SBISIETCS BAKHOW OCHOBOH st Oortee 3(h(eKTHBHOTO yIpaBiIeHHs BOIHBIMH PECYpcaMi M YCTOIYHBOTO
PAa3BUTHS CENBCKOTO XO3SHCTBA.
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The work was prepared within CA21146 - Fundamentals and applications of purple bacteria biotechnology for re-
source recovery from waste (PURPLEGAIN)

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

However, realizing the full potential of PPB in Georgia requires strategic investment in key areas, such as lo-
cal strain isolation to ensure the adaptation of PPB to Georgia’s unique environmental conditions, the deployment of
bioreactors that can optimize the performance of these bacteria, and increased public engagement to raise awareness
about the benefits of these technologies. By fostering public-private partnerships, supporting research in local aca-
demic institutions, and securing EU and international funding, Georgia can accelerate the development of PPB-based
solutions. Local research centers can play a key role in leading the development of PPB strains and bioreactor optimi-
zation, while industry collaboration will be critical for scaling up these technologies.
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Summary. The Barakoni Cathedral, built in 1753 in the Racha region of Georgia, stands as a distinguished mon-
ument of Georgian ecclesiastical architecture. Recent observations have identified chemical and biological deterioration on
its walls, including surface greening and cracking. This paper analyzes how restoration interventions, particularly, the re-
placement of the original roofing with copper and ongoing climate change (e.g., increased humidity, rain, and thermal
stress) contribute to the degradation of the building stone. Emphasis is placed on the material’s mineralogical composition
and associated chemical weathering mechanisms to offer science-based recommendations for conservation.

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

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

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

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

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

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

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

Aim and Objectivs. Our research began in January 2024. The research is aimed at development of a
methodology for the mechanisms of long-term protection of historical and architectural heritage in some regions of
Georgia in the face of climate change. Barakoni Cathedral, as one of the monuments under investigation, serves as a
case study representative of rural heritage sites subjected to natural forces such as precipitation, temperature
fluctuations, freeze—thaw cycles, and slope instability, as well as post-restoration impacts such as the introduction of
copper roofing. These factors have led to observable damage patterns including surface erosion, bio-colonization, salt
efflorescence, and structural microcracking.
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The objectives of this study is to evaluate the impact of meteorological parameters and restoration
interventions—particularly the installation of a copper roof on the material integrity of Barakoni Cathedral. To
achieve this, the study integrates mineralogical characterization of building materials with on-site visual inspection
and historical meteorological data analysis.

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

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

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

1903

00 = | g +
. i g - 2 | o 1
= o - - F+] bz =]
HE & & ] ,I." | [ £ e = a ) - & ==
— - t = il
e - i I < S5 qll g 1l 35 1
B T oy o5 v A T S, T . L PR, P ST I, FTWY [
10 it o ] o »= - * =

Figure 1. X-ray diffraction (XRD) pattern of the stone sample from Barakoni Cathedral obtained
using Cu Koy radiation (A = 1.5406 A), 2024.

The most intense diffraction peak, located at approximately 20 = 29.02°, is characteristic of calcite, confirm-
ing its dominance in the stone matrix. Additional peaks at 20 = 30.29°, 20 = 50.79°, and 26 = 12.86° support the pres-
ence of dolomite and minor accessory phases, indicating a mixed carbonate composition typical of local sedimentary
rock formations.

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

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

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

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

2. Malachite formation (reaction with carbon dioxide):
2Cu(OH); (s) + CO; (g) — CuCO3(OH); (s) + H20 (1)

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

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

5. Dolomite decomposition in acidic environment:
(Ca,Mg)COs3 (s) + 2H" (aq) — Ca?* (aq) + Mg?* (aq) + CO; (g) + H,0O (1)

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

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

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

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

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

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

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

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

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

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

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

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

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

To mitigate further degradation, it is essential to adopt restoration materials and methods that are
mineralogically and chemically compatible with the original stone. This includes avoiding metals that can promote
secondary reactions, using breathable and reversible treatments, and implementing environmental control measures
such as improved drainage and vegetative buffers.
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Overall, the Barakoni Cathedral serves as a critical case study illustrating the need for interdisciplinary
approaches combining material science, environmental monitoring, and architectural conservation to preserve
Georgia’s historic monuments under changing climatic and anthropogenic pressures.
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UDC: 551.510.42
Mineralization of Atmospheric Precipitation - an Indicator of the Ecological Load of Cultural Tourism
Environment /Gunia Garry, Svanidze Zizi/ Transactions IHM, GTU. -2025. -vol.136. -pp.130-134. - Georg.,
Summ.: Georg., Eng., Rus.

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

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

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

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

YIK: 551.510.42
Munepanuzauusa atMocepHbIX 0CAAKOB - HHAMKATOP KOJOTHYeCKOil HATPY3KH cpedbl KyJbTYPHOIO TypH3Ma
/Tyuua I'.C., Canumze 3.C./ Tpynst UT'M, I'TY. -2025. -1.136. - ctp. 130-134. - I'pys., Pe3.: rpy3., anri., pyc.

B cratse paccMaTpUBAaIOTCs BOIIPOCH! OLICHKH 3arpsA3HEeHHs IPUPOJHON CPEAbl TEPPUTOPHUIA KYIETYpHOTO Typu3Ma. C
HOMOIIBIO JTAHHOTO MaTepHajla MOXKHO OOCYIUTh OLCHKY SKOJOTHYECKOTO COCTOSIHUS pacCMaTPHBAEMBIX PETHOHOB B pe-
3yJIbTaTe MAaCIITAOHOTO MEPEHOCA BPEIHBIX IPUMECEH.

B cBsI3U C BBIIICU3IIOKEHHBIM CTOUT OTMETUTD, YTO MHHEpAIU3ALUs aTMOC(HEPHBIX 0CAJIKOB ONpPEesIeTCs] KOHIeH-
Tpanuel 1 PU3MKO-XMMUUECKHMH CBOMCTBAMHU TEX a’3p030Jiei, K KOTOPhIM OTHOCSITCSl KaK YaCTHIIbI, 3aXBaueHHbIE 001ay4-
HBIMH KaIUIIMH B TIpOLiecCe MEpPEeMEIINBAHUS BO3JYLIHBIX MacC, TaK U YaCTHIbI, TIPEJICTABICHHbIC B KAueCTBE UX sAEp
KOHJICHCAITUH.

Pe3ysbraThl MCCIEI0BaHUI MO3BOJISIIOT CIETATh BHIBOA O TOM, YTO aTMOC(EpHbIe 0CaJKH BHOCSIT CYIIECTBEHHBIN
BKJIa]] B KPYTOBOPOT BEIIECTB B PUPO/IE U SBISIFOTCSI OCHOBHBIM MEXaHU3MOM CaMOOYHIIECHHS aTMOC(EPHI.

Kpome Toro, n3yyeHne XUMHIECKOTO COCTaBa aTMOC(EPHBIX OCAAKOB SBIAETCS OJHUM M3 OCHOBHBIX OOBEKTOB MO-
HUTOPHHIa MaclITaOHOTO TPAHCTPAHWUYHOI'O 3arps3HEHHs OKpy’Karomiel cpenbl. IIpy 5TOM BO3MOMKHO HCIOJIB30BaHHUE
nH(OopMaLMK Kak 00 MX MHUHEPAIU3ALNH, TaK U O COJIePKaHNN METAJUINYECKUX U PAJINOAKTHBHBIX ITPUMECEH.
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©dl3gbs.  TgnoLIdIMEOs J9MgInL gOHM3EMEOo LsoggbBml dmbszgdgdby oyMbmdoom J. Jmosolol
5sGImMbngmmdo PM bsfowszgdol 899339 mds. d00qdv)e0s, Gemd dsdbodswvy®o 30b3gbG®oEogdo gobosgbramls
©5 H300sMdo HoMo@ s0gdsBgds 8500 dLodsdol B3-gdL, Lsdmowrm 3603369mdgd0 dbmermeo PM10-ob
009953905 33M0WoLs s BYdEHYIdOOL 1399030, J0b0ToEMMo 3Mmbi396EHM309d0 yzgurs G980b393500 BSOS
DE3-bg.  9030MgMHMmBMEIdOL  LosmmdMmOoz0  AL3EgEw™mds  230639690L,  GMI oo 3mbiabG®sE0s
300©530M3OM3MOEF0ME05 93¢MTbJoboms 0bEgbLogMdBY s BogdlodsgrrMo 9608369wMdgd0 BodloMmEYds
3030b Losomgddo.
9Jb396009bEGHMTs  JoBMIzgdds  9B39bs, GMB  Fomowo  3mbi3IBGHMO30gd0L  SOLYGOMDS,  JOMOMIPI©
©053530060909905 JmBol Laegdmb@m L3 domgd™sb, Lofo®dmm 1oddosbmMdLMB, 06EHIBLOMG LoFGHGMIBL3MOEHM
9dM5MdL .
dmbo@m®mobaols s  9Ju3gM0dgbE Mo  goBMmdzxdol  F9gAs©  BowgdMEo  Bmbs3gdgdo  MZ0LMBdMOZo®
9000b3935 gHMBobgombs.

9350009MHgdoL sdmbo@gs. bdgEboghm 33¢0g3s FobbMME0IS ,dMms MHLMSZgX0L Lods@mggwml
9H36m@o LsdgEboghm gmbool® 8obsblw®o dbstsFgmoo [FR-22-4765].
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UDC: 504.5.054.

Assessment of atmospheric air pollution in Kutaisi using experimental measurements/Surmava A., Kukhalashvili V.,
Intskirveli L., Gigauri N., Sesadze V. / Transactions IHM, GTU. -2025. -vol.136. -pp.135-141. - Georg., Summ. Georg.,
Eng.Rus.

Based on data from the National Environmental Protection Agency and experimental measurements, the content
of PM particles in the atmosphere of c¢. Kutaisi was estimated. Concentrations of microaerosols (PM2.5 and PM10) in the
atmosphere of c.Kutaisi and its environs in winter and summer were determined. The maximum, minimum and average
values in various administrative units of the city are analyzed. Also, based on the monitoring data, the nature of hourly
changes in concentrations and daily values is assessed. It is accepted that maximum concentrations in spring and winter
often exceed the corresponding MAC, average values exceed PM10 only in April and September, and minimum concen-
trations are below the MAC in all cases. The hourly variation of the content of microaerosols in the atmosphere shows that
their concentration is directly proportional to the intensity of traffic, and the maximum values are recorded during rush
hours. The data obtained as a result of monitoring and experimental measurements are qualitatively consistent with each
other.

YIK: 504.5.054.

Ouenka 3arpsizHeHnss aTMocepHoro Bo3ayxa r.Kyraucu ¢ noMoumbIo 3KcnepuMeHTAJILHBIX H3MepeHuii/ Cypmana
A., Kyxanamuiu B., Uankupsenu J1., Turaypu H., Cecamze B. /C6. Tpynos UTM I'TYV. - 2025. — tom 136. - ¢. 135-141.
- I'py3.; Pe3: I'pys., Aura., Pyc.

Ha ocHoBanun nanHeIX HanmoHanbHOTO areHTCTBa MO OXpaHE OKPY’KAaIOIIEH CpeAbl M KCIEPHMEHTAIIbHBIX H3-
MepeHnii oueHeHa conepxanne PM wactui B atmocdepe r.Kyramen. Onpenenensl KonneHrpamun Mukpoaspo3oseit
(PM2,5 u PM10) B atmoctepe 1. KyTarcu u ero oKpecTHOCTEH 3UMOM U J1€TOM. AHAIU3UPYIOTCSI MAKCUMAJIbHBIE, MUHU-
MAaJIbHBIE M CPEIHME 3HAYECHHS B Pa3IMYHBIX aIMUHHCTPATUBHBIX €AMHUIAX ropoja. Taxke Ha OCHOBE JAHHBIX MOHHTO-
pUHIa OLICHEH XapaKTep NOYacOBBIX M3MEHEHHW KOHICHTpAUUil U CYyTOYHBIX 3HadeHUM. IIpHHATO, YTO MakcUMalbHbIE
KOHIICHTPAllUM BECHOW M 3MMOM 4YacTo mpeBblmaioT coorBercTBytomue I1JIK, cpennue 3Hauenus: npesbimatror PM10
TOJILKO B ampelie U CeHTA0pe, a MUHUMAaJIbHBIC KOHIICHTpAIluK BO Beex ciaydasx Hipke [1JIK. [TouacoBoit xon comepxanus
MHKpOas’po3ouieil B aTMocdepe MoKas3bIBaeT, YTO UX KOHIEHTpALHMs MPSIMO NPONOPLUOHATIbHA MHTEHCUBHOCTH JIBH)KEHHS
TPAHCHOPTHBIX CPEACTB, & MAaKCUMAaJIbHBIE 3HAUEHHUS PETUCTPUPYIOTCS B 4Yachl NMUK. JlaHHBIE, TOJMyYEHHBIE B Pe3yJbTaTe
MOHHUTOPHHIA U 3KCTIEPUMEHTAIIBHBIX U3MEPEHHUH, KaYeCTBEHHO COTTIACYIOTCS APYT C JPYTOM.
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3sbog035300L 30603905 I0bstyg 933360l d90gy 36dEgddo: bgMmgzolo, dmmxmdo, bodglo, 3sbdEol
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bseobbol 3eslogolsEool doboFgds Bsmo 30MHMJ0dow™mo 0bO35GMMmIdOL 39339MBOM. BMYSWIW 0MZEdS
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933M0b fyaol babolbby.
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530U90MMGdGOOL  9OHMMDEOMBSL, MMIgEOoE ABLIBOZMLZL fywrol ZsMPOLOBMBdL 585 vy 03 Lsbol
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331930l m309dBHo S 900MEMEPMY0S.
0. 9333500 [oMIMoygbl 5309M35335L00l LadbMmgm boffocol ghmgMo y3zgwsbyg dlbzow fgwol

0MBHIO0SL. 30BIMOL LomMZ3gE 0MZEGds Yobow-205000L PMOEIM-50dMbO3Egm  Jowmgdby sMLYdWEO
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bmerm dobo ©smBgbowo, Moglo bsffoo 30 sHgMBs0KBOL EIMOEMM05BY J0g0bgds. 0ao d0g39m3bgds
30MM-3503Mbs@ven 3obstggdl.

3969-0000b56Mg 3969 LMzl 0PIOL MMHOIWGMOL JgEOL SMBMLLZWID 35¢MYdDY, EOHMOOL dool
00@59mgddo. Fomdmoagbl 9. 33300l Jotx3gbs T965350L. dobo LogMdyg 45 33-00, sBolL GoGmmdo 194 302,
LodwoEm Gerom®o bobxo 0.97 33/53-0s. LsBOOMMBL MMzEool Bobmdo dofolidzgds o godob fywoom
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©0mdobfyseo-dobstg ©omdolfjgowo Lsmsgzgl 0mgdl Lommgzerg-Lsf3g3gesl Jool s0dmbsgago
39 gd%byg J. Igbgool osdmgddo. Fomdmaygbl dobatyg 933360l dotx39bs gbszol. dobo boa®dg 22 30-

05, 90l BoHNMBO 8592, LEAMsEM Ferow®o botxo - 0,253%/f3. LoBOHEMMBL Y30MSGJL© NMZEOL bsEbmdo
5 §13000L (gwom. sbobosmgdl goboxgbymol Fyswomds, dg8mamds - Hogbmwmol Fyswdmgstbs ©s
Dodn® - Bogbmaol fysedgomhmde.

3s60lbg30-00bstg asbolbgzo Lomseggh 0mgdl LogwMsdml Jool LsdbGm 3owmgdbY, BwzoL
©Mbosb 1162 8-By. dobo LogMdg 17 30-05, 37)Hob Goemmdo 6392, bLodwyswm ferommo batxo 0,213%/§0-00 Mo
20bLBgds dolo Fyeol Ladfigsgo@ odmygbgdom. LsBMMMBL doMoMoEs© MM3Eol, Fzodolb s dofjoldgzgds
Dgegdom, 033 53Mmgm3g 399Bb0s 9 d30Mg T9bs3o0. sHOLOSMGOL Fobogbryeol Fyswomds, Bogbryeols
5 399mamaol §godmzsmbs o BoIMOOUL Yo doMmds. 5ol 8obstg d@33Mol dsmEbgbs 896s3500.

@m3Fobo-00006509 wmFobo Lomsggh 0wgdl 05embol Jgol LsdbMgom Jowmgdby 1085 3-Bbg brgob
©®bo@b, T0gEobgds 0300l bgasb®y. dolo Logy®dg 30 30-05, 9Bl @ostmmdo 207 302 LSTMSE™
36535 fmon®o bstxo 0,799%/0-00. 030 LEHBOEMMBIL M™ZEoL, F3000L ©s dofoldzgds Fywom, asshbos
03Mgmgg 99653500900 bmMomlbgzo o swosbbggo. sbslosmgdl  BodMOMOL  [god30MHMds,  FIBogbols
09o@omds s bogbrmmols s Fg0mEamdols  Hgoadmgzgambs. Mol dobstg 8@336M0L  daMibgbs
39bs35000.[1]

080Lsmz0l MM 9939939190005 33ag3580 FoMdmbowo d0bsdggdols 93meMma0Mo dEyMIsMHGMdS
5 9qLsd530LOE MMOMMYME0 FsmMPsboLIMZ0L F0y396039d0bs Hyarol Bsdolbol 3esboxgolsEos ga3emm3szdo®mols
J3946900L figewol bsmbm ©oMgd@oggdol H930m39bwagogdol dobggom, boFoMm gobs 2503390 Fargdol
956d0By domgdyo 3oMHmdodon®o dsh39690¢qd0L golvdw)owmadwyero LooJgdol Msg3dmyMs s oo
absgrobo.

3b®owgddo 1-2, dm3gdmeos 9. 933300L HBMmYogMmo dobmzol sdsboliosmgdgwo 30MmmJodow®o

05639690¢0ol 89933090 dgd0 §goedo AsbLoBOZOHWMwo gMmgbmwo Losggb@ml dogém 2015-2016 s 2023 2024
fargdol 356053wmdsdo.

3bM.1 dobsmy 933300l 2015-2016 fangdols gslisdwgsemgdwyemo 3oMmdodor®o sbslosmgdergdo

2015-2016 bgGmgobo | dmbxmdo | badglo 3obgBGoL a%B0sbo | Gmbogo
LBg@egtawo 153 159 53 bogo 139 59 w3
3sbsL0smYdgEo bsd
1 B9039G¢m®3, °C 10.79 1159 12.77 13.02 13.99 13.75
2 pH 8.38 8.25 8.20 8.08 8.18 8.11 6.5-8.5
3 | 0bbBoo gbadsco, 9.44 9.38 8.81 8.85 8.61 8.81
B/

4 4085, By/cm 1.35 1.43 155 2.61 2.34 2.15 6
5 | Bogmodob somdo, dy/a 0.039 0.041 0.043 0.084 0.088 0.092 33
6 | BogGs@ol sbmdo, dp/w 0.870 0.832 0.643 0.635 0.817 0.814 45
7 | 58ebosBols sBeago, B/ 0.233 0.256 0.261 0.468 0.405 0.353 0.39
8 Bobgsdgdo, g/ 0.293 0.068 0.104 0.100 0.082 0.103 35
9 Legemggadgdo, S/ 6.30 11.84 25.02 35.91 64.24 76.06 500
10 30@6’“3;;’/2?&0360’ 131.92 137.16 170.00 179.80 194.90 200.59
11| Bobghoeobsgos, dy/e 197.16 199.77 264.95 292.11 349.64 377.41
12 63065, B/ 0.108 0.198 0.153 0.143 0.197 0.176 03
13 o008, g/ 0.0250 0.0323 0.0386 0.0276 0.0296 0.0237 1
14 b30¢ngBdo, dy/ew 0.1453 0.1952 0.0590 0.0656 0.1504 0.1024 1
15 ®430, dg/em 0.0039 0.0099 0.0090 0.0079 0.0100 0.0116 0.03
16 Bsbg6980, Bpy/c 0.0185 0.0299 0.0265 0.0183 0.0286 0.0304 0.1
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3b6.1-00056 gbgsegm, MmI 2015-2016 Hargddo 8obsdg dFIZMOL 93mEma0Mo dEymdstgmds dgodwgds
035l ©5053059MmBodIE0s.  33¢930bmzol  dgMBgMwo  BsbolosmgdgdoELb BE3-L 8608369 mdLL
00gdsBHads  bMEmE  5dmbomdol  ombol 89933900400 (1BOWOLO-35B0560L  FHIMOGHMOmOLB).  sbg3Y
00bsb0dbsg05 0ol HMA bgMmzolo -GHMimsgol JodsMmmvEwgdom (obgdol dobgzom)  s00bodbgds olgmo
05h39690w9d0L  3mb396GHMo30gd0L ToEHgds Fyswdo MHMyMMmYd0EsS - 835, J0bYMwoBsE0s, 8mbordol sBmGo,
o939 Lodwom  39a3geo@GMol BMEs ©obgdol dobggzom, oz 0MbadMO0Z0s TMOBRMEMYOMEOO  ©
AN IBGHMOHO 30609300  g3dmBEoboty. 8dodg dgBowgdol  3mbEgbGMmogos dobsty  dBH335Mdo
05353004MBoEIGOIW0s S 5O 509853905 BLIMMESE ©oLsAZ9d 3MBEIBEHM309dL, o3 s0blbgds dobs®ol
fgeol pH-ob domsgro 3sb39690mom, Gog 0figg3l 99@swgdol bgodgb@gddo go@sligansl. »bws 50bodbml
Mmd 9. 833300l Yoo bslosmgds 30MHMIMOIMBIEMEMdOm s 83395 A5FMbIGNMEO Joe3E0wdol
0mbols 899339 Mmdom.

3b®.2-80 3o foMmdmpgboos 9. 93330l 2023-2024 Fargdol 3oOmdodo®o dsh39b9dwgdol

29L595EMgdo LOWOYIdO.

3bM.2 dobsmy 933300l 2023-2024 fHangdols gslisdrysemgdwyeo 3ommdodor®o dsbslosmgdergdo

2023-2024
bodmgo- | dmexwmdo | Bs3glo 5HdEHoL 5B0sbo | Glonsgo

pateeare | ol | o | w0 | woootw | o | ba | oW
1 98396587903, °C 9.7 11.9 125 13.0 14.0 14.3
2 pH 8.3 8.3 8.4 8.3 8.2 8.2 6.5-85
3 | ®bUboco pbado, 9.85 9.76 9.25 9.29 9.38 9.69

e

4 005, B/ 1.62 1.81 2.26 2.49 2.44 272 6
5 | Bog®o@ob sbmpo, dy/ee | 0.113 0.120 0.159 0.240 0.161 0.129 33
6 | Bogms@ols som@o, dy/em | 5.053 5.109 4.963 3.497 4087 4.006 45
7 | s8mbowBols sbo®o, dp/em | 0.235 0.248 0.393 0.433 0.407 0.412 0.39
8 Boobigs®gdo, dy/e 0.127 0.166 0.180 0.169 0.267 0.132 35
9 Le)engs3gd0, B/ 5.75 12.72 24.88 35.30 50.66 55.81 500
10 30@‘;’”3;:’/2,’5@3%’ 147.87 166.07 210.32 222.09 22262 | 231.09
11 | 8obgHowoogos, dy/ee | 209.77 239.87 334.73 34751 37480 | 384.48
12 3065, B/ 0.1834 0.4752 0.3809 0.3639 0.1307 | 0.1262 03
13 0390000, B/ 0.0019 0.0043 0.0141 0.0042 0.0057 | 0.0052 1
14 b3oewgbido, B/ 0.0020 0.0045 0.0106 0.0054 0.0039 | 0.0059 1
15 9300, B/ 0.0028 0.0062 0.0045 0.0024 0.0037 | 0.0042 0.03
16 Bsbgsbegd0, By/cw 0.0065 0.0137 0.0403 0.0374 0.0167 | 0.0168 0.1

d0botg 9333m0lL  2023-2024 {Hegdol  sbsgroBobmgol dgMBgmer odbs 09039 dobsliosmgdwrgdo. dsoo
MAgBHILMBS  53054MmB0gdL BMMmIJOL s 9O 9©gdsBEHIds DBOZOMEIs® L300 3MmBEIBEHMIFOL. BMYsO
LMoo osbEM3gd00 2015 fiewol dmboizgdgdol dbasgLos, 0das S0LEbodbsgos, MM sdmbomdol ombol,
3dodg I9BHowgdosb ©3060L 3Mmb396GHMms300L F30M® 29oFoMdJds BE3-U I60d369MMdgdbY 3mbJEHgdd0-
dmOxMdo, Bs3gbo, 3569EH0L bowo (BOEILO) S MMLMZ0. BOHOEGdTo 3-4 Fomdmoygbowos . IF3zMOL
93069 99653500900 (3969, OPIOLHYSE0, AIBMWS, WwmFobo) 3oMHmJodommo dsbggbgdwgdo domqdmwro
2015-2016 s 2023-2024 fergddo.
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gb®.3 330oMg 90bsmggdol 2015-2016 Farols gslsdwgsemgdeyeo 30Mmdodon®o dsbsliosmgdegdo

2015-2016
3ob3Bgeme2dIE0 3909 | @omdolfiyseo | gwsbolbbggo | wmiobo b3
3obobiosmgdgemo 159 59 bsd bs9

1 BIO39OEHM@a, °C 14.34 14.15 14.82 13.04
2 pH 7.98 7.97 7.91 8.04 6.5-8.5
3 | asblbogro gsbydsco, dy/em 8.11 7.64 7.32 7.93
4 7005, /e 6.57 4.90 5.03 1.16 6
5 Bo®®o@ob sBmGo, dp/em 0.18 0.21 0.24 0.03 33
6 Bo@ Mool sbm@o, dp/eo 0.51 1.21 1.09 1.12 45
7 590mBovdol sBmG0, By/¢w 1.54 1.09 0.94 0.69 0.39
8 Boligstgdo, dy/e 0.28 0.08 0.23 0.05 35
9 Beyegs®gdo, By/ao 267.95 248.33 81.96 639.35 500
10 | 3oMHm3smdmboGgdo, dy/cw | 228.75 235.01 222.30 246.82
11 30bg65¢0bo30s, g/ 664.56 646.65 435.72 1113.45
12 63065, I/ew 0.13 0.15 0.14 0.11 0.3
13 005, By/e 0.03 0.02 0.03 0.01 1
14 L3oengbdo, By/e 0.05 0.12 0.11 0.09 1
15 AYg0s, Oy/eo 0.01 0.01 0.01 0.01 0.03
16 056956v980, By/e 0.06 0.03 0.02 0.03 0.1

2015-2016 Hargdol dmbsgdgdol dobgwogom  yggws 93069 8obstgdo 30MHMJodon®o dsbslinsmgdwrgdols
MAgBHgLmds bmMIoL  BoMyEgddos, JoMEs  sdmbomdol  sSBMEHOLY MGMIol  FsB39690go  Loa®IbMdEs©
009953905  BOZMMEs© ©ILIZ90 3MBEIBEGHME0L oMMy Fomysbols figsendo. Moz dggbgds §dd5-0l

8993390 Md5L 0L 53F5M0gOL B 3-U FbmEme d. 3gMgl dgdmbggzsdo.

3b6. 4 g0y dobstggdols 2023-2024 fierols 3oGmdodommo Bsbsliosmgdmgdo

2023-2024 3ol38299Qomg0NEO | ggég | ©owdolfgsmo | aesbolbggo |  wm3obo ®

Bsbsks0s0gdgeo 158 1559 1559 153 3

1 39039053 )®s, °C 14.0 14.6 15.2 13.7

2 pH 83 8.1 8.0 8.3 6.5-8.5

3 39blbogro 756ads0, g/ 9.06 8.53 7.97 8.87

4 005, Bg/qo 4.00 3.80 479 3.35 6

5 Bo@®odols sBm@0, A/ 0.290 0.344 0.635 0.271 3.3

6 Bo®®e@ob 5o, 3/ 4979 6.448 7.497 4.127 45

7 59mbovdol sHo@o, dp/em 0.879 0.828 1.469 0.260 0.39

8 RbBsGHYo0, Ig/em 0.202 0.176 0.227 0.180 35

9 BoeRs®gdo, B/ 96.96 192.53 7451 374.29 500

10 | 3o@6mzs6mdmbsggdo, 8y/m | 237.87 263.76 253,51 271.65

11 80Bg65E0B30s, By 446.49 659.22 489,01 998.11

12 ®3065, dp/qw 0.2269 0.2253 0.1766 0.1395 0.3

13 0OMmO0S, 8/ 0.0037 0.0092 0.0043 0.0077 1

14 L3oangbdo, dg/em 0.0043 0.0072 0.0026 0.0045 1

15 &y3095, /o 0.0034 0.0040 0.0042 0.0056 0.03

16 05690bw900, dy/e 0.0235 0.0253 0.0257 0.0123 0.1

145




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

000930l 565MY0MMHO 30050 2024 Fgwbsg. mmbosb bsd I0bsmgby oM 3. wmFobols sdmbowydol
3BME0m ©sd0bINMYds 33ee3 BogdboMmYds, 0F3s 9. 39M)HYE s WOToLfgsbHgs 89930MIdME0s beagnm
3bolbggBg 8mds@gdwos 2015 ferol dmbso3gdgdmsb G9smgdom. sa®Mgm3g s0Lsbodbsgos 2024 gl d.
39696 @5 Eodolbgzol fgsendo G 3060l 3mbEgbEHMsE00l To@gds, 39sFoMmdIds 89ogbl, dqLlodsdobsw (b3
0.3 dy/a) 0,0718 /- s 0,0599 Ty/a-b. sBsMRYBO yzgams FoboliosmMGOMGDO o6 5FoMBIOL BOIOHVIS©
L58390 306396FMo309dL.

0db39®0896¢ 0 89)ag00 @ Joblixs

P90l 3¢5l0g03530s batolbol 85839690@0l 0bEgaMaEgdols bsdwysmgdoo

09golbod9zqddo fywol @sd0bdMMgdol bsmolbols s dolo  3wslol ©oEygbols 2sdmbogwrgbo
439wobY 30M3MsME ©s 300 Y JJOMPOE 0MZWJdS B0BIMMIOOL 30EMmdodom®mo 0bozs@EMmMgdol
299mygb9000 d0bserob fgwol 0bgduol gsdmmgws.
090l ©sd0bdmMgdol 0bgdbo MHmama Halo 2odmomzEgds 569653 gd 6-7 30MHMJ0T0YHO Tobolosmgderol
dobggom (B396L dq8mbgggzsdo 530MBogm 8 3oMMmJodow®mo 0bogs@m®o). smo bsfjocro (pH, goblboero
796205000, 703%) 03B 599300909 TobalooMYOWGdS.
fgeol sd0bdmmgdol 0begduo (S) asdmomgegds 899gabootMa :

|:”.

i 2=
5= -
~ N
L5Qa(3:

Gi -56m0b obolosmgdols dsh3z9bgdgeo (Lsdrgowm ferom@o, bsdMowm MZ30MEMmO, s 5.3.), N-Tsbolosmgdergdol
M03b30, B3-99Lsdsd0Lo  ToboloomgdWolsmzol  sEEIbowo  BOzOWs©  ILYAZ39d0  3MbEIEEMEOS.
©50063996H530L  LOEOOEB  FodmIEobsdy, Fywol sd0BINMIdIOL 0bEgdul Ymegh 3wslgds. Fywrol
©50063996Hgd0L  0bgdul  0ygbgdgh MMolLs s Obgdol dobgzom  Fywol bsmolbol  (33eroEwgdol
2450mbogwabsco.

3b®. 5-8o 9mEqdmwos 08 30OMJodoNMo 0bE035@GHMMYd0L bmlbs, M™Iwgdog bzgbol sHEOom,
093b530g05 @IsballosmMgdDg6 . 9F33M0Ls s FoLo BmAoghmo F9bs3zsool Fywgdl s OG™Iwgdog
8990m0 358myqbgdwgem 04696 dqLsdsdol gsdmmgzgagddo. [2]

3bMoo 5. 3. 33330l sBol s dolo Bmyoghomo Ggbszsgdolismgols
996Bgmmo bamolbol 0bogsdmmgdo [7]

060335¢MM0 b3
pH 6.5-85
BOD 3 (mg/1)
NO 1.1
2
NO_ 10 "
3
NH 0.39 “---
4
3. «_»
PO 35
4
Fe 0.3
Pb 0.03

9009990 9909gag00L bexwdzguwbg, 90bsMmgqdol Jeslioxo3s309d0 (64 IBOBAIMGGdOL boMolibol 3wsbo)
39535Ls (3bGo 6-do Im3gdME Looygdol JobgEz0m.
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3b®oo 6 ©s80631MHYdOL 06gJoEsb gs8mBobstyg Hgwols

bs®olbol 3eslingozsgos
Pgoo fyemols sdobdmmgdol Pgemols bsdolbols
0bgogdols 360d369¢mds 3o

50056 LBmo 0.2- 909 1
Lmaomo 02-1.0 2
BmB0gMo© ©sd0bANMHdMwo 1.0- 20 3
Q5006390 Mwo 20-40 4
F13g0560 40-6.0 5
do056 33gosbo 6.0-10.0 6
30O LOQ FFgosbo >10.0 7

20b0dbmwo 9900m©OoL gsdmygbgdom, s dgMbgeo 8 Tobsliosmgdeol gsdmygbgdom (pH, 503, BodModol
sbm@o NOz, boGMs@ol sBm@o NOsz, s3mbowdol sbm@Go NHe, gmbgs@dgdo PO, 3065 Fe s ¢yzos Pb)
dmbs dobstg 9333G0Ls @S MBOWOLO FHIMOGHMOM0sHY Golo 3oty 896535009008 sBOBIMEMIdOL MbOl
©5©y9bo-
0oy

do. 833560 demdxmdo 2015-2016

8.25PH 1 43905 ﬂ.ﬂ41““z+ﬂ.832”“3 0.256NH4 0 068F0% p.198F¢  0.0099 PP

.. 75 "6 "33 35 " 039 35 03 ' 003 _
8
_ 1100 +0238 +0.012 +0.018 + 0656 +0.019 +0.659 +0329 _
- - —0.

50bodbmwo  JgmmEo  gsdmzoygbgo  yzgms Lo3zwg3 3996dBHBY o Tbo3zoBy GMIgwms w9y gd0
§o03maqbowos 8989y gbHowdo:

3b6.7 dobstg 33 33Mols s mdowolio dzoMg 89653500980l ©9ByM0TGd MmO
0bgdlo s doboFgdyeo Jeslio

2015-2016 | 2015-2016 | 2023-2024 | 2023-2024
300bstg/3mbJEo
obggduo 3o obggdlo 3o
333560 bgHomgobo 0.2028 2 0.1985 1
933560 dmMymdo 0.3790 2 0.5049 2
8335600 bo3glio 0.3610 2 0.5160 2
93360 3sbdEob boo 0.4406 2 0.5159 2
9333560 goBosbo 0.4473 2 0.4152 2
9()33500 GBMLOSZo 0.5240 2 0.5164 2
3069 0.9881 3 0.8442 2
©o0dobfyswo 0.7052 2 0.6280 2
3wsbolbggo 0.6646 2 0.8488 2
wmdobo 0.4624 2 0.4010 2
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©33365. Bo@omgdmeo 3393990l 999© 893300005 3md35m, M3 3. 3333600l fgwrol batobbo
™mM039 39600m©do (2015-2016 s 2023-2024) wmotgbogds dsmo ©obgdol dodsmomwammgdol dobgzom, 0md3s
dobo fgeol sdobdmEmgdol 3eslo MomJdol y4gzgws 330603900l FgMGHowgddo 0wIbGHoxoEMYdMEr odbs
OmymO3 “brgoms” (06gdubo 2). 56wy dgagodwos gmgdzsm, GmI 3. 3333M0L 9IMEW®MA0OHO IYMToMYMdS
2015056 2025 Harsdg XgOXIOMIOM 56 9w9509L9dwes (3b.7).

o3 99gbgds 9306y 89bs350gdL, Fomsb  2sdmo3z3gms doboyg 39Myg - MmameE ,HBMmI0gMo©
500639H 530 dobsty (2015-2016§F.) - 0bogduo 3, 2023-2024 ol 95839690 gd0m 30 0ol X gds Lrygmo
3Wb08035300L Fotawgddo (06@9duo2), mwdEs Fohz9bgdwgdol Loowy d0y35603690L, MHMI d. 396Mg 0
39600303 SHEMLss 0609l 3-0b sh3967dgdML M3 YMBOELOMYd0..

39230000 30350, MMI LJoM™M3gEMml doM0MOEO  BHMabLLILbBOZMM dobstyg 9F3z3OOL g3mdodon®o

90 M35MHgmds G9gLsdsdgds bm®mBOL BoMaergdl, MMIEs 9930w gdgE0s Tobbg sbMHMMyqbrymo s@Gz0MmM30L

935360 3MBEGHOMEO0, G305 56 3595MLEYL Ol IEYMT>MYMDS, HMIYOE Jo5hb0s Dol 5351595¢.

o3 999bgds 9306 I0bstrgdl, MHMAMmEME 3bgEs3m, Jom 303 WBROM JJGO YYMIELYd00 Mbs dmgdymml

dlobergmds, Momo 50 GHo3ob dobsdggdoo ([9owdEo®mdol sdm) d336Ms© MBM™ bgbboGom®gdo sM0sb

©500b6d9MH 980l JodsGron.

e Bggbl doghH Hargdol ©s330M3900L Tgays® dgodwgds 30d3sm, MM 9. d3H3I3MOL fyswo 933906Ms©
23900mbs@ o 300MHM™IsMdMbIEHWw0s Ca-ol 89@sMgd0m ds0swo 999339 mdO.

e 9. 333300l Yol BsBsdo bNMHM3MYIbMEo  IGHZMMNZ0m  AsBMf3gME  0byMgogbEms Lsbom
390d@gds 459m394mo sHmEob 3m®dgdo (NO2, NOs', NHs*), obbo3mom®mgdom sdmbomdol ombgdo, Gmdgwms
3993390035 BMaxg® (bdoGo 30 §9oedEommdol 39Mm0m©do) fywol gsBsdo 5Fo6mdgdL dgbsdsdol bz-ob
96003369 mdsl.  domo  3mbigbBH™mo30gdo,  0bgzg  OHMAMOE  ©sd0bdMMgdgo  3m33mbgbEgdol
MAE3wqlemdol  999339wmdgdo fgsedo 0bBMEYds dobsmol ©obgdol JodsMmIadom s Ms30L
35403 AL 53l MdOWOLO-MOMLMsgz0L Mgaombdo.

e 34005-0L 3mb3gbEM30900 Y39y d98mbggzsdo dobs®ol obgdols 0dsMmmgdom d3390ME 0BOIYdS.

e Jd. 93330M0oL yeol ©sd0bdmEmgdol 0bwgdlo shYygdmEo MM Jgmol LsBO3mMoEd (©. bghmzoLo)
50053090990 Homngw bowsdyg (5HDgMdI0xBOL LsBWZsM0) 0DBMPYdS PoMJdoL 2-3 KX 96.

o 3bbowmo fangdol dmbsggdgdol dobggom, Fywol 3JwslorozsEo00sd 3s0mdobsmy, 9. dE3z3sM0
MPgds bomobbom Lbygms (3esbo 1), 0mdgs dobo dymdsMgmds J3gos 339000 (000E0Lo-MHMlmS30)
569LEYOS s FJLdSFOLO MObEMZEYOS 3oL 3-b.

e 93069 30bsMm9d0@b 58Mm0339ms dobatyg 3969, HMIwol 0bwgdbol dshzgbgdgwrds dosmfios 3-b (2015-
2016(%.) Mog 99qLsds3gds BMTogMo® d0BINMGOEo IE0bsMOL 3EsLL.
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UDC: 551.510.41:628.54
Assigning a water quality classification to the Mtkvari River and some of its small tributaries and assessing changes in
their ecological status based on comparative analysis (20015-20016, 2023- 2024)/Mdivani S., Buachidze N. / Transac-
tions IHM, GTU. -2025. -vol.136. -pp.142-149. - Georg., Summ. Georg., Eng. Rus

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

YJK: 551.510.41:628.54

IIpucBoeHue kiaaccupuKanuM KadecTBa BOAbI peke MTKBapM M HEKOTOPBIM ee MaJbIM NPHUTOKAM H OLEHKA
H3MEHEHHI HX IKOJOTHIECKOr0 COCTOSTHUSI HA 0CHOBE CPaBHHTEIbHOI0 aHaiau3a (20015-20016, 2023-2024 rr.)/ AB-
Topsi: MauBanu C., bByaunnze H. C6. Tpynos UIT'M I'TY. - 2025. — tom 136. - €.142-149. - I'py3.; Pes:
I'pys., Auri., Pyc.

B pamkax uccnenoBaHusi ObUIO OINPEAEIEHO KaYeCTBO BOJABI M COOTBETCTBEHHO IPHCBOCHA ee KilacCH(UKalMs B
CIEIYIOIMX MyHKTaxX peku MTkBapu: XepTBucH, bopsxomu, 3arecu, moct Baxymtu (T6unucn), 'aunanu, PycraBu u He-
KOTOPBIX €¢ MpHUTOKax B paiione Townmcu: ['muanucxesu, Juromuciikanu, Bepe u JIOUnHH 10 UX THAPOXUMHUYECKUM I10-
KazaresaM. BTN Mcnonib30BaHbl 8 MmokasaTesieil coriacHO peKOMeHAalusM PaMOYHBIX JUPEKTHB 1O Boje cTpaH EBpo-
neiickoro Coro3a (2000/60/EC), mo KOTOPBIM ONPEeIsNIOCh KaueCTBO BOJIBI B BBIIICYKa3aHHBIX ITyHKTaX PeKW MTKBapH
ee MPWIETAIOINUX IPUTOKaX. Takke HA OCHOBE CPAaBHUTEIBHOTO aHATIHM3a OLCHEHBI M3MEHEHUS HKOJOTUYECKOTO COCTOS-
HUs uccienyeMbix pek B nepuoa 2015-2016 u 2023-2024 ronos.
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doi.org/10.36073/1512-0902-2025-136-150-154
UDC: 551.510.41:628.54
Determination of Water Quality Classification of Tskhenistskali and Lukhuni Rivers According to
Hydrochemical Indicators
Lali Shavliashvili, Gulchina Kuchava, Mariami Tabatadze, Ekaterine Shubladze
Institute of Hydrometeorology of Georgian Technical University, Tbilisi, Georgia

shavliashvililali09@gmail com

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

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

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

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

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

1. River Lukhuni - Upper Uravi;

2. River Lukhuni - 100 m below the sarcophagus;

3. River Tskhenistskali - Upper Tsana;

4. River Tskhenistskali - below Lentekhi.

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

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

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

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

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

4. Field portable equipment - Hanna Combo pH/EC/TDS/PPM Tester H198129;

5. pH meter - Milwaukee 150.

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

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

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

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

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

1 pH 7.5 7.6 7.8 7.7

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

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

meg/| NHa
0.7
0.6
05 = NH4

0.4 H MPC
0.3
0.2

0.1

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

Figure 1. The average content of ammonium ions in the rivers Tskhenistskali
and Lukhuni (2021-2024)
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Figure 2. The average content of arsenic in the rivers Tskhenistskali
and Lukhuni (2021-2024)

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

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

N .
Ci/MAC
5= —_ 1
E L (1)

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

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

Table 2. Tskhenistskali and Lukhuni rivers’ water quality indicators

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

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

Table 3. Water quality classification assessment of pollution using indexes

Surface water Pollution index Water quality class
clean 02-1.0 1
moderately contaminated 1.0-2.0 2
contaminated 20-4.0 3
dirty 40-6.0 4
very dirty >6.0 5

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

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

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

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

Conclusion

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

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

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

4. It was established that both rivers were assigned water quality class 1 according to the pollution index and be-
longed to the "clean" category.
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Ompenenenne xiaccudUKamuy KavecTBa Bozsl pek IIxenucrxanu u JlyxyHu mo rufpoxuMudecKUM IIOKA3aTesIsM.
Tasmuamsumu JI., Kygasa T'., Ta6aragze M., Illy6nanse E. C6. Tpynos UM I'TY. - 2025. — tom 136. - ¢. 150-154. -
I'pys.; Pes: I'pys., Anrin., Pyc.

B cratse paccMmaTpuBaercs (QHUIMKO-XMMHUYECKas M TUIPOXMMUYECKas XapakTepuctuka Boz pek (Jlyxyuu u
lixeHucuxamu) Ha TEPPUTOPHIX, IPHIETAIOUINX K IIPEJIPUIATUAM II0 TepepaboTKe MbINIbiKa peruona Pava-Jleuxymu
u Ksemo Caaneru.

B cratse 0606mensr muOrosetaue (2021-2024 rr.) maHHBIE IO UCCIeLZOBaHHBIM peKaM. Ha ocHOBaHUU ITIOITY-
YeHHBIX Pe3yJIbTATOB JaHa OIleHKA HKOJIOTMYEeCKOr0 COCTOAHUA peK. C HCIIOIB30BaHKUEM IIPeIOKEHHOTO yPaBHEHUI
U XuMHYecKux umHAuKaropoB (Pamounas Boguas mupekruBa 2000/60/EC) 6vumm ompenesieHbl MHAEKC 3arpA3HEHUA
PEKM U KaueCTBO peduHOH BoAbl. Ilo mHAeKCy 3arpA3HeHUs 0OeMM peKaM IPUCBOeH 1 KJIacc KauecTBa BOABI U OHU
OTHOCSTCS K KaTETOPUU «IUCThIE».
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