U59M05dmMobm Lsdg3bogMm 3Mmbxghgbios
“930my00L 056539000039 3G:Mdgdgdo”

International Scientific Conference
“MODERN PROBLEMS OF ECOLOGY”

MesxkayHapoaHasi HAyYHasi KOH(epeHuus
“COBPEMEHHBIE ITPOBJIEMbI 9KOJOI'NN”

9mm0gdo - Gmdo Yl
Proceedings - Vol. YlI

Tpyabi - Tom Y|
ISSN 1512-1976

0d0¢olo-mgesgo / Thilisi-Telavi / Tommmcu-Teaasu
2020



ISSN 1512-1976

UogoMmnggmml g3memyow® 89360960985ms 535009300
BsgdsGomggenmls Lsdm3odwmm 35600850003 Mo 93eglios
Usgoemggenml 993609698508 9BHM3bmero $3509d0s
03569 %93550330¢00L LobgErMdOL MBdOEOLOL Lsbgedfogm MboggMloEgBo
olvy obgogr 6mosl LabgerMdol 4gma0Bo3ol 0bbGoGwME
0530  339g05330¢0lL LEbgEMBOL 0YErsg0L LbgEdfoxm MbogzgdloGgEo
53530 §96g0eol Labgemdols Labgedfogm »boggmliodg®o

L59MMsdMmMHoLM LadgboghHhm 3mbygmgbios

93Memyo0l 056589MM39 3OMdngdgdo
dmmdgdo - Gmdo YII

Academy of Ecological Sciences of Georgia
Georgian Apostolic Autocephalous Orthodox Church
Georgian National Academy of Sciences
Ivane Javakhishvili Thilisi State University
Mikheil Nodia Institute of Geophysics TSU
lakob Gogebashvili Telavi State University
Akaki Tsereteli State University

International Scientific Conference

MODERN PROBLEMS OF ECOLOGY
Proceedings - Vol. YlI

Axkanemust Jkoqaorndecknx Hayk I'py3un
I'py3unckas Anocrosabckas [IpaBsociiaBsuas LlepkoBb
HauunonansHasa Axkagemus Hayk I'py3un
Touaucckui I'ocynapcreennslii Yauepcurer Um. UBans :kaBaxumBuiin
HNucruryr I'eopusuku Um. Muxauna Hoqua TI'Y
I'ocynapcrBennbiii Yausepcurer Um. Akakus Leperesan
Tenasckmii I'ocynapcrBennsblii Yausepcurer Um. SIko0a I'oredamsuiamn

MEXIAYHAPOJHAS HAYYHAS KOHOEPEHIIUA

COBPEMEHHBIE ITPOBJIEMbI OKOJIOI'MH
Tpyas! - Tom Yl

0d0¢obo-mgsgo / Thilisi-Telavi / Touaucu-Tenasn
2020



36539696305 99036905 53530 F9Mgomeol sdsgdoL 180 Ferolimsgls.
THE CONFERENCE IS DEDICATED TO THE 180TH ANNIVERSARY OF
THE BIRTHDAY OF AKAKI TSERETELI.
KOH®EPEHIMA ITIOCBAIIAETCA 180-JIETHUIO CO JIHA POXKAEHUSA
AKAKHSA HNEPETEJIN.

3Mbx396M96300L Bo@Bo®mgdol odm - 2020 {gwro, 26-28 bgd@EH9gddgeo.

306539M96300L Bo@9MgOOL  5AOWO - LodsMmM3germl 393bogmgdsms gHMzbmwo $35009005; MLYY,
dobgo BmoslL Lobgermdol 29mxzobBolzol 0bLEHOGMGH0; 003Mmd  3Mgdsd30¢ol Labgermdols
9530L Lobgdhoxzm »boz9MLOEGYGO.

Period of conducting conference - 26-28 September 2020.

Venue of the conference — Georgian National Academy of Sciences; TSU, Mikheil Nodia Institute of
Geophysics; lakob Gogebashvili Telavi State University.

Cpox npoBenenus konpepeHuuu - 26-28 cenradps 2020 roxa.

Mecro npoBenenust koHpepeHnnn — HanmonanpHas Axanemusst Hayk ['py3un; MHCTHTYT TeoU3UKH HM.
Muxawnna Honus, TT'Y; TenaBckuii rocyaapcTBeHHbIH yHUBepcuTeT M. Sko6a ["orebamBum.
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Honorable Chairmen of the Conference: Metropolitan of Kutaisi-Gaenati Eparchy of Apostolic Orthodox
Church of Georgia, President of Gelati Academy of Science Reverend loane; Head of the Department
of Science and Development of the Ministry of Education, Science, Sport and Culture of Georgia, Academic
Doctor of Humanities Maia Shukhoshvili; First Academician-Secretary of the Georgian National Academy
of Sciences, Academician Ramaz Khurodze; President of the Academy of Ecological Sciences of Georgia,
Academician Marat Tsitskishvili; Vice-president of Abkhazian Academy of Sciences, Rector of Akaki
Tsereteli State University Academician Roland Kopaliani.

Chairman of the Conference: Vice-president of the Academy of Ecological Sciences of Georgia, Chairman
of the Western Part of the Academy, emeritus-professor of the Akaki Tsereteli State University - Teimuraz
Adeishvili.

Vice - Chairmans of the Conference: Professor Avtandil Amiranashvili, Mikheil Nodia Institute of
Geophysics of Ivane Javakhishvili Thilisi State University, Head of the Atmospheric Physics Department;
Professor Merab Khalvashi, Rector of Batumi Shota Rustaveli State University; Professor Elizbar
Elizbarashvili, lakob Gogebashvili Telavi State University.

Scientific Secretary of the Conference: Associate Professor of lakob Gogebashvili Telavi State University,
Doctor of Geography, Nana Berdzenishvili.

Members of the organizing committee and editorial - publishing board:

Metropolitan of Kutaisi-Gaenati Eparchy of Apostolic Orthodox Church of Georgia, President of Gelati
Academy of Science Reverend loane; Academician Tamaz Chelidze; Academician Ramaz Khurodze;
Professor Marat Tsitskishvili; Professor Alexander Alexandrov; Professor Teimuraz Adeishvili; Professor
Roland Kopaliani; Professor Natela Tsiklashvili; Professor Avtandil Amiranashvili; Professor Elizbar
Elizbarashvili, Professor Irma Shioshvili; Professor Magda Davitashvili; Professor Tamar Nadiradze;
Professor Otar Kvaratskhelia; Associate Professor Nana Berdzenishvili; Associate Professor Magdana Jigia;
Associate Professor Malkhaz Mikaberidze; Doctor of the Academic degree in  Physics Leonardo
Khvedelidze; Associate Professor Nana Julakidze; Associate Professor Darejan Chkhirodze; Academic
Doctor of Physics Nugzar Glonti; Associate Professor Tengiz Zhvitiashvili; Associate Professor Nunu
Chachkhiani; Associate Professor Soso Tavberidze.

IloueTHble mpencenatenn koHgepenuun: Murpononut Kyrtanccko-I'aeHaTtckoll enmapxuu [ 'py3nHcKoit
Arnocronsckoit IlpaBocnaBnoit llepksu, Ilpesugent I'enatckoit axazemuu — mpenogoOHbIii Hoan;
HauanbHuk ynpaBieHHs HaykKd M pa3BUTHsS MuHHcTepcTBa 00pa3oBaHMs, HAYKH, CHOPTa U KYJIbTYDHI
I'py3un, akagemuyeckuil 1oKTOp rymanuTapHbix Hayk Maiis Illyxomsuiu; IlepBbiii akageMuk-cekperapb
HanmonansHoit akagemun Hayk ['py3un, akagemuk Pamas Xypoase; nmpe3uieHT AKaJeMUH 3KOJIOTHUECKUX
Hayk ['pysum, akagemuk Mapat HuunxkumBuam; Bume-npesuneHT AOXa3ckol akaJeMUu HAyK, PEKTOP
TlNocynapctBenHoro yHuBepcurera uM. Akakus Lleperenu, akagemuk Ponana Konaaunanm.

IIpeacenarens KoHGepeHUN:

Bune-npesuneHT axkanemuu 3Kojoruueckux Hayk I'pysum, IIpencenarens 3amagHoON 4YacTH akaJeMuw,
[Touernsrii-ipodheccop rocyaapcTBeHHOTO yHUBEpcuTeTa UM. Akakus Lleperenu — Telimypa3 AnenmBuIIH.
3amecTuTen mpencenatenss KoudepeHuuu: 3aBedyroumMid cekropoMm (usuku atMocdepsl MHcTuTyTa
reopmsuk  uM. Muxanna Homma TOunmcckoro TrocyZapcTBEHHOTO yHHMBEpcuTeTa uM. VBaHd
JkaBaxumBuiy, 1podeccop ABTaHAWI Amupa”HamBuiaM;, Pexkrop barymckoro rocynapcTBeHHOTO
yuuBepcuteta uMmeHu lllora PycraBemu  mpodeccop Mepaé Xanpamu;  mpodeccop TemaBckoro
roCyIapCcTBEHHOTO YHUBepcuTeTa uM. SIko0a ["orebamBuim Iauzdap Iau3dapaniBuiim.

Yuenslii cexkperapsr KoH(epeHIHU: AccouuupoBaHbli mpodeccop TemaBckoro rocyaapcTBEHHOTO
yHuBepcuteTa uM. SIko6a ["'orebamBmy, akan. ToKTop reorpadudeckux Hayk Hana bepazeHumBuiin.



Yenbl OPraHU3alMOHHOI0 KOMHMTETA U PeAAKIIMOHHO-U31aTEJIbCKOI0 COBETA:

Mutpononutr Kyrtauccko-I'aenarckoit emapxum I['py3unckoil Amnocronbckoit [IpaBocmaBHoit Ilepksw,
[Ipesunment [emarckoit akagemun mpernomoOHBI Moan; Axamemnk Tamasz Yenmmmze, akamemuk Pamas
Xyponze; npodeccop Mapar Lunkumsuim, npodeccop Anekcanap Anekcanapos; mpodeccop Teiimypas
AnevnmBuny; npodeccop Ponmann Komanmanu, mpodeccop Hatena LluknmamBuim; npodeccop ABTaHAMI
AwmupanamBuid; npodeccop Dnuzdap DnmmzbapamBuim; npodeccop Upma llnomsunm; mpodeccop Marna
Haeurameunu; mpopeccop Tamap Hamupanse; mnpodeccop Orap Keaparxenus; accoIlMUpOBaHbBIN
npodeccop Hana BbepazenumBunm; accouunpoBaHblii mpodeccop Marmana JKHUKHSI; accOUMMUpPOBAHBIN
npodeccop Manxaz Mukabepuase; akai. IOKTOp TexHuueckux Hayk Jleonapno Xsenenumase;
acconmupoBanbelii mpodeccop Hama [[xymakmmse; accommmpoBaHblii mpodeccop [lapemkan Uxwupomse;
akagemuueckuil noktop ¢umsukm Hyrzap ['montu; accommmposanbiii mpodeccop Tenrns XXeutmamsunim;
accounupoBanblii npodeccop Hyny Yauxuanu; accounnpoBansiii mpodeccop Coco TaBGepunse.
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PREFACE OF EDITORS

Recently, the activity of scientist toward this conference, due to the current sharp social-economical
process in Georgia, is very pleasant. Haw the ecology issues are presented in the reports, or ecology-as the
subject of science research and related problems? In this regard, basically, the answer is ambiguous. We got
all kinds of work, and to some extents we confront nihilistic attitude toward the science. The great activity of
the participants in the conference was considered to be a different expression of protest against — classical
understanding of science, and we supported the research of any direction. That’s why we ask the reader of
the works collection not to consider its diversity as an imperfection.

In a word, it is not necessary to consider the theme limitation of the conference, but also not comment
or modify its contents or methods. Therefore, we have been guited by the olimpic principle — the main is
participation, which is justified in our throubled era.

Professor — Marat Tsitskishvili
Emeretus Professor — Teimuraz Adeishvili
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NATURE AND SPIRITUALITY DEVELOPMENT ACCORDING BY
AKAKI TSERETELI

Adeishvili T. Berdzenishvili N.

Summary: The paper presents one of the main aspects of Akaki Tsereteli's work on the problems of
nurturing, governess increased relationship and enhancing human spirituality. Human must be noble by
nature; simple burning will not give you the desired results, however this does not explain the sense of
responsibility to the Governess. Governess up dies first, then guilty. To blame nature and to wash hands like
Pilate is the second crime to eradicate the human soul. Such decision of the grower is made in the behavior
of Sapar Beg and well-behaved Batu Abkhazian. Therefore,Haji-Usub suits himself. Maintaihihg morality
and perfecting the soul requires complete self-sacrifice and maximum energy for the homeland, just as
Dimitri Kipiani does for his homeland and for Chris for humanity as he does. Taking advantage of oneself,
blaming causes and consequences for others means preparing the ground for a greater crime.

Akaki Tsereteli is really a good general Georgian and general Caucasian in his efforts to solve this
problem and to solve it properly.

Key words: Nature, spirituality development.
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ONCE AGAIN ABOUT THE ECOLOGY

Tsitskishvili M.M., Tsitskishvili M.S., Karchava G., Esebua E.,
Chkhartishvili A., Petriashvili E.

Summary: The paper analyzes the long path of gradual transition of ecology from the field of biology to meta-
science, with an attempt to formulate some special sociological patterns. Some definitions are given.
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SOME PROBLEMS OF ECOLOGY IN GEORGIA

Tsitskishvili M. S., Tsitskishvili M. M., Chkhartishvili A., Karchava G.

Summary: The paper presents a list held in Georgia unique aerosol experiments. For the characteristic of stability of
an atmosphere which defines ground wind- diffused carry polluting an aerosol, in settlement schemes of carry of an
impurity in a ground atmosphere it is offered " conditionally - climatic parameter " m which is calculated on long-term
climatic data. This parameter states an adequate estimation of instability of a ground layer of an atmosphere in models
of carry of an aerosol impurity. It also is effective for carrying out of preliminary researches on optimum
accommodation of the large enterprises with greater cubic capacity toxic emissions in an atmosphere.

Key words: Ecology, aerosol experiments.
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TO CREATE ORDER
Khurodze R., Tsitskishvili M.

Summary: To characterize the stability of the atmosphere, which determines the surface wind-diffusion transport of a
polluting aerosol, "conditionally-climatic parameter” m is proposed in the calculation schemes of impurity transfer in
the surface atmosphere. This parameter provides an adequate estimate of the instability of the surface layer of the
atmosphere in aerosol impurity transport models. It is effective for conducting preliminary studies on the optimal
location of large enterprises with large toxic emissions.
Key words: Ecology, aerosol pollution of atmosphere.
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AXIOMATICS OF ECOLOGY
Tsitskishvili D.M., Tsitskishvili M.M., Tsitskishvili M.S., Karchava G.

Summary: The paper provides a list of known axiological patterns that are not known to the Georgian-speaking
reader. Particular attention is paid to laws known in the practice of nature conservation, without which fruitful
environmental protection activities are impossible.

Key words: Ecology, axiomatics.
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FOREST IS A FACTOR OF ENVIRONMENTAL SAFETY
Basilashvili Ts., Berdzenishvili N.

Summary: The forest absorbs carbon dioxide and releases large amounts of oxygen, regulates microclimate (humidity,
temperature, and wind). The forest is a powerful filter for cleaning air and water from harmful impurities. The forest
also provides many types of food and medicinal products. It improves groundwater quality, increases their debate. In
the mountains, forests protect communities, roads, and fields from floods and mudflows, erosive processes, landslides,
and avalanches. The forest promotes an increase in yield. Therefore, in all countries of the world, special attention
should be paid to the protection and expansion of forest cover.

Key words: Forest, ecology.
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STATISTICAL CHARACTERISTICS OF ANGSTROM FIRE INDEX FOR
TELAVI (GEORGIA)

“Bliadze T., ‘Kirkitadze D., ““Samkharadze 1., ““Tsiklauri Kh.

*Mikheil Nodia Institute of Geophysics of Ivane Javakhishvili Thilisi State University, Thilisi, Georgia
“Institute of Hydrometeorology of Technical University of Georgia, Thilisi, Georgia
““Agency of Protected Areas of Georgia, Thilisi, Georgia
teimuraz.bliadze@gmail.com

Summary: The results of a statistical analysis of the daily values of the Angstrom Fire Index (I) for Telavi (Georgia)
in the period 2010, 2012-2015 are presented. AFI = (R/20) + (27-T)/10, where R is the minimum relative humidity, T is
the maximum air temperature. The gradations of the values of I are as follows: I. AFI> 4.0 - Fire occurrence unlikely,
II.LAFI = 4.0 =+ 2.5 - Fire conditions unfavorable, III. AFI = 2.5 + 2.0 - Fire conditions favorable, IY. AFI = <2.0 - Fire
occurrence very likely. In particular, it was found that a high fire hazard in Telavi is observed on average within 67 days
a year, and increased - within 43 days a year. The largest number of days with high fire hazard was observed in 2013
(98 days), the smallest - in 2012 (44 days). Further, it is planned to expand work on this issue (using other more
complex fire hazard indices, studying their trends in connection with climate change, determining these indices for
other points in Georgia, etc.).

Key Words: Angstrom Fire Index

Introduction.

The problem of fires, including forest fires, is actual for many countries of world
[http://www.sasquatchstation.com/Fire_Weather.php; http://www.forestservice.gr/meteo/fwil.html]. This
problem is  also  important for  Georgia, where forest fires are frequent [I,
https://commersant.ge/ge/post/bolo-10-wlis-ganmavlobashi-saqartveloshi-xandzris-300-mde-shemtxveva -
dafigsirda-da-4-200-heqtari-ganadgurda]. For example, table 1 presents the data of Ministry of Environment
Protection and Agriculture of Georgia about forest and field fires in Georgia in 2013-2018
[https://www.geostat.ge/ka].

Table 1. Forest and field fires in Georgia in 2013-2018.

Parameter 2013 2014 2015 2016 2017 2018
Number of fire cases (unit 48 69 83 51 87 23
Area covered by fire (hectare) 2 682 1723 216 398 1582 1931

In recent years this problem is aggravated by the global and local climate warming [2-9] which
facilitates an increase in the fire hazard [8,9]. For evaluating the fire hazard in locality the set of indices is
developed. One of simple of these indices is the Swedish Angstrom Index [8-10]. For the first time in
Georgia, data on AFI for Tbilisi in the period from 2014 to 2018 in [10] are presented.

In this work the results of a statistical analysis of the daily values of Angstrom Fire Index (AFI) for
Kakheti (on the example of the capital of this region — Telavi) in the period 2010, 2012-2015 are presented.
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Note that the forest area under the National Forestry Agency in this region is about 270000 hectares
[https://www.geostat.ge/ka].

Study area, material and methods.

Study area is Telavi city. Data of the National Environmental Agency of Georgia
[http://www.pogodaiklimat.ru/archive.php?id=ge] about daily maximum of air temperature T and minimum
relative humidity R in the period 2010, 2012-2015 are used. The Swedish Angstrom Index calculated from
the formula: AFI = (R/20) + (27-T)/10 [8, 9]. The gradations of the values of AFI are as follows: 1. AFI> 4.0
- Fire occurrence unlikely, II. AFI = 4.0 ~ 2.5 - Fire conditions unfavorable, III. AFI = 2.5 + 2.0 - Fire
conditions favorable, IY. AFI = <2.0 - Fire occurrence very likely.

The standard statistical methods are used. The following designations will be used below: Min —
minimal values; Max - maximal values; St Dev - standard deviation; C, - coefficient of variation (%).

Results and discussion.

Results in table 2,3 and fig. 1,2 are presented.
Table 2. Statistical Characteristics of Monthly Values of Angstrom Fire Index in Telavi in 2010,
2012-2015.

Param. | Jan Feb Mar | Apr | May | Jun Jul Aug | Sep Oct Nov | Dec

Min 2.4 2.3 1.5 1.3 1.4 0.8 0.6 0.3 0.6 1.4 2.0 2.4

Max 7.4 7.5 6.4 6.1 5.8 4.7 4.9 52 52 6.2 7.1 7.4

Mean 4.9 5.0 3.9 3.5 3.0 2.2 2.0 1.6 25 3.7 4.2 4.6

StDev | 1.2 1.2 1.0 1.1 0.9 0.7 0.7 0.8 0.9 1.1 1.2 1.1

Cvw% | 250 | 247 | 25.0 | 30.8 | 28.6 | 29.5 | 37.5 | 484 | 363 | 29.0 | 28.0 | 243

In table 2 and fig 1. the statistical characteristics of monthly values of Angstrom Fire Index in Telavi
is presented. In particular, as follows from this table values of AFI changes from 0.3 (August, fire occurrence
very likely) to 7.5 (February, fire occurrence unlikely). The greatest variations in the values of AFI are
observed during August (C, = 48.4 %), smallest - in December (C, = 24.3 %). The mean values of Angstrom
Fire Index (table 2, fig. 1) changes from 1.6 (August, fire occurrence very likely) to 5.0 (February, fire
occurrence unlikely).

—8—Mean —4—99% Upp —4—99% Low

5.5
5.0
4.5
4.0
3.5
3.0
2.5
2.0
1.5
1.0

AFI

Jan Feb Mar Apr May Jun Jul Aug  Sep Oct Nov Dec
Month

Fig. 1. Intra-annual distribution of AFI values in Telavi in 2010,2012-2015.
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Table 3. Number of days with Angstrom Fire Index in Telavi for four gradations in 2010, 2012-2015.

>4.0 4.0-25 25-2.0 <2.0
Year Fire occurrence Fire conditions Fire conditions Fire occurrence
unlikely unfavorable favorable very likely
2010 117 137 33 78
2012 111 157 54 44
2013 91 138 38 98
2014 131 126 46 62
2015 142 123 45 55
Mean 118 136 43 67

In Table 3 data about number of days with Angstrom Fire Index in Telavi for four gradations in
2010, 2012-2015 is presented. In particular, as follows from this table a high fire hazard in Telavi is observed
on average within 67 days a year (repetition — 18.5 %), and increased - within 43 days a year (repetition —
11.8 %). The largest number of days with high fire hazard was observed in 2013 (98 days, repetition — 26.6
%), the smallest - in 2012 (44 days, repetition — 12.0 %).

%o

=4.0 =20

®Jan 703 0.0
mFeb 78.0 0.0
W Mar 41.3 0.6
Apr 28.7 4.0
= May 12.9 11.0
® fun 0.9 60.0
o Jul 1.9 594
mAug 0.6 T4.3
B Sep 53 307
= Oct 335 2.6
ENov 547 393 53 0.7
®Dec 63.9 348 1.3 0.0

Tig. 2. Repetition of AFI in Telavi in different months for four gradations

In fig. 2 data about repetition of AFI in Telavi in different months for four gradations is presented.
As follows from fig. 2 on average in Telavi a high fire hazard from June to August is observed (repetition are
60.0, 59.4 and 74.8 % respectively). Sufficiently fire dangerous month is also September (repetition of
AFI<2.0 - 30.7 %). From December to February the values of AFI<2.0 is not observed.
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From November through February in the majority of the cases fire hazard is absent (repetition of

AFI> 4.0 changes from 54.7 to 78.0 %).

Conclusion.
Further, it is planned to expand work on this issue (using other more complex fire hazard indices, studying
their trends in connection with climate change, determining these indices for other points in Georgia, etc.).
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Summary: The results of a statistical analysis of the daily values of Angstrom Fire Index (AFI) for Nalchik
(Kabardino-Balkaria, Russian Federation) in comparison with values of AFI for Telavi (Georgia) in the period 2010,
2012-2015 are presented. AFI = (R/20) + (27-T)/10, where R is the minimum relative humidity, T is the maximum air
temperature. The gradations of the values of I are as follows: I. AFI> 4.0 - Fire occurrence unlikely, ILAFI=4.0 + 2.5 -
Fire conditions unfavorable, III. AFI = 2.5 + 2.0 - Fire conditions favorable, IY. AFI = <2.0 - Fire occurrence very
likely. In particular, it was found that a high fire hazard in Nalchik is observed on average within 53 days a year (in
Telavi - within 67 days a year), and increased - within 39 days a year (in Telavi - within 43 days a year). Between the
daily and monthly mean values of AFI in Telavi and Nalchik direct correlation is observed.

Key Words: Angstrom Fire Index, temperature, fire.

Introduction

The problem of fires, including forest fires, is actual for many countries of world
[http://www.sasquatchstation.com/Fire_Weather.php; http://www.forestservice.gr/meteo/fwil.html]. This
problem is also important for Russia and Georgia, where forest fires are frequent [1-3].

In recent decades this problem is aggravated in connection with global and local climate warming [4-
6] which influences an increase in the fire hazard [7, 8].

In different countries of world different (including their own) indices of forest fire hazard are used
[1-3, 7-11]. These indices are the mathematical formulas, which formalize the effect of air temperature and
humidity, atmospheric precipitations, the moisture content of forest fuels, thunderstorm activity, etc. In
terms of the numerical value of these indices with the aid of the appropriate scale the class and the degree of
fire hazard is determined. Together with the climatological and operational information about the levels of
the forests fire hazard, also their short term and long-term prognostication is accomplished [1-3, 8-12].

Russia possesses enormous forests. Accordingly, to such questions as the division into districts of
the territories of forests on their fire hazard, the publication of operational information about their fire
hazard, the prognostication of this danger, etc. is given great value. The all-Russian scale has five classes of
fire hazard in the forest on the weather conditions. For the separate regions the values of complex index in
the classes can differ from the values of the all-Russian scale, which consider the local special features of
these regions [1, 10-12]. In particular, the forest stock for Kabardino-Balkaria republic is characterized by
the low degree of the fire hazard (mean class of natural fire hazard is equal to 3.9) [12].

In Georgia the works regarding the forests fire index hazard based on the example to Tbilisi began in
2019 year [2]. In this case was used simple Swedish Angstrom Index [7,8]. In this year analogous studies
are continued for Telavi city [3].
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The results of a statistical analysis of the daily values of Angstrom Fire Index (AFI) for Nalchik
(Kabardino-Balkaria, Russian Federation) in comparison with values of AFI for Telavi (Georgia) in the
period 2010, 2012-2015 are presented below.

Study area, material and methods

Study area is Nalchik city and Telavi. Data of the about daily maximum of air temperature T and
minimum  relative humidity R in the  period 2010, 2012-2015 are  used
[http:// www.pogodaiklimat.ru/archive.php?id=ru&region=07]. The Swedish Angstrom Index calculated from
the formula: AFI = (R/20) + (27-T)/10 [7,8]. The gradations of the values of AFI are as follows: 1. AFI> 4.0 -
Fire occurrence unlikely, II. AFI = 4.0 + 2.5 - Fire conditions unfavorable, III. AFI = 2.5 + 2.0 - Fire
conditions favorable, IY. AFI = <2.0 - Fire occurrence very likely.

The standard statistical methods are used. The following designations will be used below: Min —
minimal values; Max - maximal values; St Dev - standard deviation; C, - coefficient of variation (%); 6m —

standard error; 99%(+/-) - 99% upper and lower levels of the confidence interval of average; R* — coefficient
of determination.

Results and discussion
Results in table 1-2 and fig. 1-3 are presented.

Table 1. Statistical Characteristics of Monthly Values of Angstrom Fire Index in Nalchik
in 2010, 2012-2015.

Param. | Jan Feb Mar | Apr | May | Jun Jul Aug | Sep Oct Nov | Dec
Min 2.5 1.9 1.1 0.9 0.8 0.5 0.3 -0.1 0.4 1.4 1.6 2.2
Max 8.3 8.1 7.4 7.0 6.0 4.7 54 54 6.2 7.9 7.8 8.0
Mean 6.3 6.4 4.7 35 3.1 2.6 23 2.0 3.0 4.4 4.9 5.6
St Dev 1.4 1.2 1.5 1.4 0.9 0.8 0.9 0.9 1.2 1.3 1.6 1.5
C,,% 21.6 18.8 32.9 38.5 29.8 30.8 37.1 48.6 39.2 30.1 32.8 27.3
Om 0.12 0.10 0.12 0.11 0.07 0.07 0.07 0.08 0.10 0.11 0.13 0.12

99%(+/- | 0.30 0.26 0.32 0.28 0.19 0.17 0.18 0.20 0.24 0.27 0.34 0.31

In table 1 the statistical characteristics of monthly values of Angstrom Fire Index in Nalchik is
presented. In particular, as follows from this table values of AFI changes from -0.1 (August, fire occurrence
very likely) to 8.3 (February, fire occurrence unlikely). The greatest variations in the values of AFI are
observed during August (Cy = 48.6 %), smallest - in February (Cy = 18.8 %). The mean values of Angstrom
Fire Index changes from 2.0 (August, fire occurrence very likely) to 6.4 (February, fire occurrence unlikely).

In Telavi values of AFI changes from 0.3 (August, fire occurrence very likely) to 7.5 (February, fire
occurrence unlikely). The greatest variations in the values of AFI are observed during August (C, = 48.4 %),
smallest - in December (Cy = 24.3 %). The mean values of Angstrom Fire Index changes from 1.6 (August,
fire occurrence very likely) to 5.0 (February, fire occurrence unlikely) [3].

In table 2 data about repetition of AFI in Nalchik in different months for four gradations is presented.
As follows from table 1 on average in Nalchik high fire hazard from June to August is observed (repetition
are 21.3, 38.1 and 57.4 % respectively). Sufficiently fire dangerous month is also September (repetition of
AFI<2.0 - 20.7 %). In December and January the values of AFI<2.0 is not observed. From October through
March in the majority of the cases fire hazard is absent (repetition of AFI> 4.0 changes from 59.4 to 94.3 %).
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As follows from table 2 and fig. 1 a high fire hazard in Nalchik is observed on average within 53
days a year (repetition — 14.5 %), and increased - within 39 days a year (repetition — 10.7 %).

Table 2. Repetition of AFI in Nalchik in different months for four gradations in 2010, 2012-2015.

>4.0 4.0-2.5 25-2.0 <2.0
Month Fire occurrence Fire conditions Fire conditions Fire occurrence
unlikely unfavorable favorable very likely
Jan 93.9 6.1 0.0 0.0
Feb 94.3 43 0.7 0.7
Mar 67.1 21.9 7.1 3.9
Apr 34.0 40.0 12.7 13.3
May 17.4 56.1 18.1 8.4
Jun 33 50.7 24.7 21.3
Jul 3.9 37.4 20.6 38.1
Aug 4.5 20.0 18.1 57.4
Sep 20.7 46.0 12.7 20.7
Oct 59.4 34.8 4.5 1.3
Nov 72.7 17.3 4.7 53
Dec 81.3 16.1 2.6 0.0
Jan- Dec 45.2 29.6 10.7 14.5

= Telavi = Nalchik

50,0
45.0
40,0
35,0
30,0

20,0
15.0
10,0
5,0
0,0

Fig.1. Repetition of AFI in Telavi and Nalchik.
A high fire hazard in Telavi (fig. 1) is observed on average within 67 days a year (repetition — 18.5

%), and increased - within 43 days a year (repetition — 11.8 %). Thus, the level of the forests fire hazard
under the conditions of Telavi is somewhat higher than under the conditions of Nalchik.
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Fig.2. Correlation between daily values of AFI in Telavi and Nalchik.
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Fig.3. Correlation between monthly values of AFI in Telavi and Nalchik.

Let us finally note, that between the daily and monthly mean values of AFI in Telavi and Nalchik
direct correlation is observed (fig. 2,3).

Conclusion

1. A high fire hazard in Nalchik is observed from June to August (the frequency of occurrence is 21.3, 38.1
and 57.4%, respectively). This degree of fire hazard in Nalchik is observed on average for 53 days a year
(repeat - 14.5%) and increases - for 39 days a year (repeat -  10.7%).
2. A high fire hazard in Telavi is observed on average for 67 days a year (repeat - 18.5%) and increases - for
43 days a year (repeat - 11.8%). Thus, the level of forest fire hazard in Telavi is slightly higher than in
Nalchik.

Further, it is planned to expand work on this issue (using other more complex fire hazard indices, studying
their trends in connection with climate change, etc.).
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NCKYCCTBEHHBIE PA/IMOHYKJIN/IblI HA KABKA3E

HuuxnmBuian M.C., HunkumBuian M.M., Uxaprumsuiau A.T'.
Axademus sxonoeuveckux Hayk I pysuu

AHHoTaumMs: B paboTe mpuBencHbI COBPEMEHHBIC NaHHBIC MO PaIMOAKTHBHBIM H30TOIMAM, KOTOPbIE MOTYT OBITH
oOHapy>KeHBI BO BHemIHeH cpeae B ['py3uu. OTieHeHBI pe3yAbTaThl HEKOTOPBIX OOpaTHBIX 3a1a4. [IpuBeICHBI OLCHKU

U3y4YeHus paauanuoHHoro Gona B ['py3un.
KioueBble c10Ba: pajiMmoakTHBHBIE H30TOIIbI, paaualinoHHbIi GoH B ['py3un.

Co BpeMeH OTKpBITUS SIBJICHHS PaJUMaKTUBHOCTH IPOLUIO YyTh 0OJee OIHOTO BeKa. YK€ C MEPBBIX XK€ THEH,
MApaJUIENBHO C siepHON (M3MKOM M XMMHEH 3apoXkIaiach pagroOHONOTHS M PagWallMOHHAsl SKOJOTHS; KPECTHBIM
otioM obeux ObUT Tpy3uH, akagemuk M.P.Tapxan-Moypasu, npaBayk ['eoprust Caakanze. Hu ogHO OTKphITHE B
HCTOpUM YEeJIOBEYEeCTBA HE MEHSUIO CTONb KapAWHAIBHO CyIb0y ueloBedecTBa. SlnepHoe opyxue, CHOCOOHOe
YHUYTOXXHUTh BCE JKUBOE, 3aCTaBHJIO YEJIOBEYECTBO 3aJyMaThCsl O CyIb0e COBPEMEHHOH IMBWIIM3AIMU U MYTIX HX
TEXHUYECKOTO Tporpecca: 0e3pajocTHble KapTUHBI "Tpsayliero ApmarenoHa' acCOUMMPOBAINCH HE TOJIBKO C
MEXaHMYECKUM DPa3pyLICHHEM Cpeibl OOMTaHMS sICpPHBIMH B3PHIBAMH, HO U C T€HETHYECKUM IEPEPOXKICHHEM pojia
YEJIOBEYECKOr0 OT BCEIPOHUKAIOLIEH SIIEPHOM paiualiy.

MeIMKO-9K0JIOrMYECKUi HHTEpEC K Paaro-IKOJIOrHIeCKOMY M3yUeHHUIO OKpYyXKatolei cpensl KaBkaza o0ycioBieH
LIENIBIM PSIIOM MECTHBIX 0COOCHHOCTEW. MHOTOJIETHHE PE3YNIBTAThI 3THX UCCIEJOBAHUHN ITyOIMKYIOTCS B IIEPHOJIMUECKA
n3maBaeMbIX "PaananmoHHBIX HCCIenoBaHMX ", 0000IMIEHB B MOHOTPaUsIX.

Haxomsmmuecss B OKpyKamomed cpeie B HACTOSMIEE BpeMsS pPAJUOAKTUBHBIE M30TOIBI IO CBOEMY
MIPOMCXOXKACHUIO MOXXHO INTOJPA3ACINTh HA JIBE OCHOBHBIC TPYIIIBI: MCKYCCTBEHHBIC W €CTECTBEHHBIE PaJIMOAKTHBHBIC
n3oronbl. Kak SBCTByeT M3 caMOro HaNMMEHOBAHUS, €CTECTBEHHBIC PaJAMOM30TOINBI HAXOAWJINCh B MPHUPOJE MOYTH C
TIEPBBIX )K€ JHEH ee (POPMUPOBAHUS U SBISIOTCS €€ HEpa3pbIBHBIM KOMIIOHEHTOM. VICKycCTBEHHBIE pajlOaKTHUBHBIE
panvou30TOIBl - HE CYNIECTBOBABIINE MJIM HE COXPAHMBIIMECS B IPHPOJAE - HUMEIOIINE DPaJNOaKTHBHBIE CBOWCTBA
pPanuoN30TOIB! “BO3HUKIIM B pe3yJIbTaTe UCKYCCTBEHHOTO IEJICHUS sJiep aTOMOB B CKOHCTPYMPOBAHHBIX 4YEJIOBEKOM
ycrpoiictBax.  IlpoHukaromyie B OKpYXKaloOIIyl0 Cpeqy B pe3yjbTaTe [esITeIbHOCTH 4YeJOBEKa HCKYCCTBEHHBIC
panuoaKTHBHBIE H30TOIBI (CHCTEMATHYECKU HIIH AIIU30IMUECKH 00OHAPY)KUBAaEMbIE TaM) MOYKHO YCIIOBHO TO/IPa3/IeNUTh
Ha TPHU TOATPYIIIIbL:

a) MPOAYKTHI SIIEPHBIX B3PBIBOB OCKOJOYHOIO HJIM HEHTPOHHO-aKTUBALIMOHHOTO IPOUCXOXKJCHUS. Boibiioif
(baxTHyeckuii Marepuan coOpaH Ha CETOAHSIIHUKA JIeHb M0 HAOIIOACHHUSM 3a IMPECTABISIONIUMHA OHOJOTHYECKYIO
OIACHOCTP JOJTOXHUBYIIAMH PaAHOM30TONAMH 3TOM rpymmsl: nesuio - 137, T/ - 30 net; crponmmio - 90, Ty/p - 28

neT; mapranny - 54, T1/7-- 310 cyt.; nepmo - 144, T/ - 290 cyT.; nupkonuio - 95 ¢ rouepuum Heoburo - 95, T/ -
COOTBETCTBEHHO 05 1 35 CyT., KOPOTKOXKHUBYIIIHE H30TOITBI o2, TIE3Us | p.

0) BeIOpachIBaeMbIe B aTMOC(epy OTXOJbI MPEANPHUATHH SAepHOI 3HEPreTHKH. DTO B OCHOBHOM Ia3000pa3HEIE,
TPYAHOYJaBIMBAaEMBbIE: KCeHOH - 133, Tq/p - 5,3 cyr.; #on - 131, Ty/p - 8 cyr.; Tpurui, Uy /p - 12,5r., kpunrown - 85,
Tip-106T.

B) PpaJMOaKTHBHBIC W30TOIBI, IOSIBICHHE KOTOPbIX B arMocdepe W jganee B Jpyrux cdepax HOCHIO
SMH30/IMYECKUH XapakTep (CIy4alHbI WM NpeJHaMepeHHbIH). TakoBbl CIENHaIbHO BHECEHHbIE B KayeCTBE METOK
AIEpHBIX B3pbIBOB Bob(pam - 181 u 185 - (Ty/p - 120 u 75 cy.), a Takke momapmuii B aTMochepy B pe3ysbTare
apapHil aMEpUKAaHCKOTO CITyTHHMKA C H30TOIHBIM UCTOYHMKOM 3JIEKTPOIHEPTUHy Iy ToHuii - 238 (T, - 86 ner). B cuy

JIOKaJIbHOCTH MECTa BHECEHHs 3TH, a TakKe HEKOTOpPHIE PaIuoH30TOmNBl (Hampmmep, ponwmii - 102, pyrenuit - 103)
103e00pa3yIoIero 3Ha4eHHsl He UMEIOT U B PalHallHOHHO SKOJIOTHH HE PaccMaTpUBAIOTCS.
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VYinenmee B ICTOPHIO J[BAIIATOE CTOJIETHE MOXKHO C YBEPEHHOCTBIO Ha3BaTh HAYAJIOM SAEPHON 3PbI UEIOBEUECTBA.
310 OBUI BEK BEIMYANIINX OTKPBITUN U JOCTH)KEHUH HE TOJIBKO B SIAEPHBIX HAyKaxX M TEXHOJOIHUAX, HO U B paguoOuo-
joruu W paguanuoHHas MmeaumuHe. [Tocme Xupocumsl m Haracaku, pykosoxctBo Coserckoro Coro3a IpHHSIIO Bce
MephI K JTUKBUAAIIII MOHOIIONMH Ha sfepHoe Boopyxernne. 1 Bot 29 aBrycra 1949 r. ucneiranne Coerckum Coro3oM
TIepBOH aTOMHOM OOMOBI CTaJI0 HAYAJIOM MPOBEJCHUS CEPHUl SACPHBIX UCTIBITAHUN Ha Pa3IMYHBIX MOJIUToHax. B mepuon
TIPOBEJICHUS SACPHBIX HCIIBITAHUI NPUHUMAJINCh MEphI JuIs oOecrieueHns Oe30MacHOCTH HaceneHus. B ot romsl n
CO3/1aBajIach CIeNUANIbHAS CETh KOHTPOJIS PAaIMOAKTUBHOCTH IPUPOAHBIX CPel, KaK OJHO W3 OCHOBHBIX 3BEHBEB 3TON
Oe3omacHocTy. Mcronb3ys CylecTBYIOLIYIO ceTb I OCKOMIHApOMeTa, YAaloCh CyLIECTBEHHO YMEHBIIUTH (PUHAHCOBbIE
3aTpaThl; IOBBICUTH ONEPATUBHOCTH STOM CETH YAaJlOCh 33 CUET CO3/1aHHs OIIOPHBIX Ja00paTOpUil B pernoHax; oJHa U3
TaKMX PErHMOHANBHBIX JJA0OPATOPHUH, KOHTPOJIMPYIOIUX PaIMOIKOIOTHYECKYI0 CUTYAIMI0 Ha OOLIMPHOI TeppUTOpHU
ot IToBomkbs, Bcero KaBkaza u 1o Kpeima, ¢yHkimonupoBana B TOounucu, npu 3akaBkasckoMm [ MIpOMETHHCTUTYTE.
KoHTponupyemblii perioH oKa3alcsi YHUKAIGHBIM, C MOBBIIICHHBIMH YPOBHSIMH TJIO0AIBHBIX BBINAJACHUN TPOJYKTOB
SIIEpHBIX HcIbITaHui. OCBOCHHBIH B TOT IIEPHOJ CPaBHUTEIBHO HOBBIM BHJ I'aMMa-CIIEKTPAJIBHOTO aHalu3a ¢
HCIIOJIb30BAHUEM CHUHTIUIIIHOHHBIX JaTYUKOB MO3BOJIMI CYIIECTBEHHO MOBBICHCTh HAJIC)KHOCTD PaJIHOMETPHIECKUX
OLICHOK ITPOHMKHOBEHWS TEXHOTCHHBIX paJHOHYKIHIOB Ha ()OHE HAIMUYMI ECTECTBEHHBIX paJHO3JIEMEHTOB,
XapaKTePHBIX AJISl TOPHBIX PETHOHOB.

I'pomanHbIil akTHUECKHIT MaTepHall 1O COAEP)KAHUIO PAJANOHYKIMIOB Pa3IMYHOIO T€HE3NCa, HAKOIIJICHHBIN Ha
CeTH KOHTPOJS DPaJAMOAKTUBHOCTH HPHUPOJHBIX CpPEA, MO3BOJIMII YCIEIIHO CTaBUTh M pellaTh HE TOJIBKO 3a/lau
obecrieueHnsl paJualioHHON 0e30MacHOCTH, HO M Treodu3usnueckue 3anaun. PopMHUpOBaHUE B BUE KOMIIIEKCHOTO
HAayYHOTO HAalpaBJeHUs] «TOPHOW paJUOd’KOJIOTHM» BO BTOpOW MojoBUHE XX BeKa O03HAMEHOBAJIOCH DSIOM
JOCTHKEHUH B 00JAaCTH PELICHUs] HEKOTOPBIX IeO(pH3NMYECKUX U KIMMATHYeCKUX MpoOJieM ropHbIX pernoHoB. C Tex
MOp Kak OBUIO YCTaHOBJIEHO CYIIECTBOBAHUE CTPATOC(EPHOTO pe3epByapa NPOJYKTOB SIEPHBIX B3PBIBOB U INI0OAIBHBIN
XapakKTep HX BBIl'la)IeHI/If/'I, Ha4yaJIoCh ACTAJILHOC MU3YUCHUC IMPOCTPAHCTBEHHOI'0O M BPEMCHHOTI'O pACHIpPEACICHUA ITHUX
BBIl'la)IeHI/If/'I. BrisgBunucek cBsI3u MEKAY OCHOBHBIMH OCOOCHHOCTSIMH TJ100aIbHBIX BBIMMAJICHUNU TIPOAYKTOB SAJCPHBIX
B3pBIBOB M OOIIEH IUPKyISMEH aTMocepbl, KapTHHA UX paclpeieneHnus  Ce30HHOTo xoza. [lepBoHadanpHas Touka
3pEHHUS O TOM, UTO BCE CTPATOC(EPHBIC BBIMAICHUS OyIyT PacIpeNeasThes 0 3eMHOMY IIapy paBHOMEPHO, OKa3alach
HECOCTOSTENIFHOM, TaK )k€ KaK M TOYKa 3pPEHHs O TOM, YTO HAOIIONaeMbIii BECCHHE-JIETHHUH MaKCUMyM OOYCIIOBIIEH
OCEHHUMH WCTIBITAaHWSAMH SICPHOTO OpYXHsA. B Hacrosimee BpeMmsl yCTAHOBIEHO, YTO OCHOBHBIMH paifoHaMu
MIOCTYIUICHHSI PaJHOaKTHBHBIX TPOAYKTOB M3 cTpaTocdepsl B Tpormocdepy SBIAIOTCS 00JacTH pa3pblBa TPOMOMAy3bI
cpeanux mupoT. OCHOBHAS POJIb B BBIBEACHHH aKTHBHOCTH U3 CTpaToc(epsl B Tporocdepy OTBOIUTCS YCHIICHHUIO
MEpPUINOHABHON IMPKYIsnui. HecMoTpst Ha TO, YTO CKOPOCTH 30HAJIBHOTO IEpeHOca Ha TOPSIOK NPEBOCXOAST
CKOPOCTH MEpPHWIMOHAIIBHOTO, 30HAJIBHBIC IIEPEMENICHUS] BO3JAYNIHBIX MacC HE IPUBOJAT K WX BEPTHKAIBHBIM
CMCIICHUAM, TOTIa KaK MEpUJIMOHAJIbHAA HUPKYJIAIUA O6yCJ'IOBJ'IeHa MpoUEeCCOM IMOJAHATHUA U OINYCKaHUA BO3AYIIHBIX
Mmacc. HOE)TOMy, HECMOTpA Ha MAaJIbIC BCIWMYUHBLI BEPTUKAJIBHBIX COCTABIANOIIUX CKOpOCTeﬁ BO3AYHIHBIX Macc,
yCUJIEHHE MEPUAMOHAIBHON IUPKYJSIIUU OKa3bIBaeT OOJiplliee BIMSHUE HA JUHAMUKY NPU3EMHBIX KOHLECHTpALMH U
YPOBHEH BbINAAEHUH PagMOAKTUBHBIX IPOIYKTOB SAEPHBIX B3pPBIBOB. BEIIENpuBeIeHHbIE COOOpaKEHHUs, 110 TaHHBIM
MIPU3EMHBIX 110JIEH KOHIEHTPAIUU TEXHOTEHHBIX PaJNOHYKIIH/IOB MO3BOJISIOT BBIIBUTH PETMOHANIBHbIE OCOOCHHOCTH U:
- OLICHWTh MHTEHCHBHOCTH M CE30HHBII X0/ BEPTUKAIBHOTO OOMEHa B aTMocdepe;

- OLICHWTHh OTHOCHUTENBHBIC BETHINHBI HHACKCOB aTMOC(EPHON INPKYJISAIUHN 110 CE30HaM U T10

CHHOIITHYECKHUM CUTYalHsIM;

- OLICHHTH ITOBTOPSIEMOCTH BHICOKHX XOJIOJHBIX ()POHTOB M CTPYHHBIX TCUCHHH.

BeprukanbHoe pacnpesesnieHne B IMPU3EMHOM CJIO€ aTMOC(EPBI pasioa’po30iisl pa3IndHOro TeHe3Hca MO3BOJISIET

W3yYars:

- TIPOIECCHI IIEPEHOCA U BBIBEJICHUS IIPHMECH U3 aTMOC]EpHI;

- CaMOOYMIIAIOINLYIO CIIOCOOHOCTH MPU3EMHOTO CJIOS ¥ IPOBOJUTh PAHXKUPOBAHME 110 3TOMY NapaMeTpy, 4YTO UMeeT
TpoOMaJHOC 3HAYCHUEC B HHI[yCTpHaHI)HOfI OKOJIOTHMH.

W3yyenue npoueccoB MHUIpalMM pas3iIWdHbIX PAJUOHYKIUAOB B IIOYBAX DPA3JIMYHOIO TIEHE3UCA II03BOJIAET
OLIEHUBATh HHTEHCHBHOCTh OCHOBHBIX MO4BE(OPMUPYIONIHNX (PaKTOPOB.

OnmHa W3 KIacCHYECKHMX 3afady TOPHOM KIMMATOJOTMM — 3ajada paclpeneieHHs aTMOC(EpHBIX OCaIKOB.
CpaBHUTENbHAsT TPYAHOAOCTYIIHOCTh TOPHBIX TEPPUTOPUH M HENOCTaTOYHAs TyCTOTAa OCAJKOMEPHONW CETH He
MTO3BOJISIIOT OJHO3HAYHO OINPENEIATh KPUTHIECKUE BBICOTHI HApacTaHHWs OCAJKOB B Topax; ¢ 3TOH LENbI0 YCIEIIHO
MIPAMEHSETCS Pa3pabOTaHHBI HaMHM METOJl CPAaBHUTEIBHOTO aHAIN3a COJIEP KaHMUs OCKOJIOYHOTO Ie3us-137 B mouBax
TOPHBIX CKJIOHOB. JTO MO3BOJISIET SKCIEIUIMOHHBIM ITyTEM YCTAHOBUTH KPUTHUYECKUE BBHICOTHI HAPACTAHUS OCAJIKOB Ha
Pa3NYHBIX CKIOHAX TOPHBIX XpeOTOB.

74



Jnst nenei onepaTHBHOTO MEHEKMEHTA PaANallMOHHON 0E30IacHOCTU HAaceleHHs HEOOXOIUMbI HaIeXKHbIE
pacdeTHble MOJAENM [aJbHOTO MepeHoca B aTrMocdepe TOKCHUYHBIX IpHMeced, B YacTHOCTH paJHOHYKIHIOB
TEXHOT€HHOTO IMPOHCXOKICHUs. OOBIMHO UIA 3THX LENICH HCIONIB3YIOTCSl CTaTHCTHYECKH JTOCTOBEPHO MOIyYEHHBIC
PETpEeCHOHHBIE YPaBHEHNS; OTIPAB/IBIBAEMOCTh TAKMX PACUETHBIX CXEM BIIOJIHE YIOBICTBOPUTEIbHA.

Co BTOpOIi monoBuHBI XX BeKa (yHIAMEHTAIBHO MEHSETCS PaIHallMOHHBIA (DAKTOp BHEIIHEH Cpelbl: Pe3KHH
POCT pajiMOM3ITydaroNel anmapaTrypbl, IEKTPOHHON OBITOBOM TEXHHKH COBIAJ C MPOHUKHOBEHHEM B OKPY’KAIOIIYIO
Cpelly HCKYCCTBEHHBIX-TEXHOTCHHBIX PaAMOHYKINI0B. HecMOTpss Ha (HU3MYECKYI0 aHAJIOTHIO WOHHU3HPYIOMNX M
HEHOHM3UPYIOIMX MCTOYHUKOB M3JIyYCHUH aHTPOIOTEHHOTO HMPOUCXOXKICHNSI CO CBOMMH €CTECTBEHHBIMU aHAJIOTaMU
(ecTecTBEeHHBIE PAIMOHYKIIU/IBL, IPUPOIHBIE IIEKTPOPA3PSIABI U T.J.), SKOJIOTMYECKOT0 MOJO0HS HET - aHTPOIIOTEHHBIE
paguon3iydaromnue UCTOYHUKU 110 YaCTOTHBIM M SHEPTETHUUYCCKUM IOKA3aTC/IAM COBEPIICHHO HE HOI[O6HI)I MpUPOAHBIM
HNCTOYHHMKAM, a aHTPOIIOTCHHBIC PAaAUOHYKIWABI CBOUMU (1)I/I3I/IKO-XI/IMI/I‘IGCKI/IMI/I CBOMCTBAMHM OTJIMYAIOTCSA OT
PaguoOn30TOIIOB €CTECTBECHHBIX PAJHOAKTUBHBIX CEMEICTB.

ATMOC]epHbIe HCIBITAHUS aTOMHOTO OPYXHS NPHUBENINM K KOHIYy 50-BIX TOJOB NPOIUIOTO BEKa K YTPOKAIOLIEMY
r100aNbHOMY 3arpsi3HEHHI0 MHPOBOI OHOC(Ephl, YTO BBIHYIWJIO BEAYIIMX TOCYJapCTB MHpPA, IOTOBOPUTHCS 00
CPOYHOM 3aIlpeTe WCIIBITAHUK SIIEPHOTO OpyKus B atMochepe. Yxe Torga Obumi 3aMKCHPOBAHHBI BBICOKHE YPOBHHU
r7100abHBIX BBINAICHUH pPaJinOaKTHBHBIX POAYKTOB SAECPHBIX B3pbIBOB Ha BocTouHOM mobepexbe UepHOro Mops 1 B
BBICOKOTOphE ['py3uM, B OTICIbHBIE BECEHHHE THHM JIOCTHTaBIINE COTEH MWUIMKIOPDH Ha KB.KM. IIMK romoBoi
JUHAMUKHU NOCTYIUIEHUS! PAJUOHYKIUA0B TEXHOTEHHOIO MPOUCXOXKIEHUs mpuxoautcs Ha 1963 u 1986 rr. Onu oxHOrO
TIOPSIJIKA BETTMYMHBI; H30TOIHBIA COCTAB TAaKXKe IOUTH WACHTHYEH.

HckyccTBEHHBIE PaMOU30TOIbI, TPOHUKIINE B OKPYXKAIOUIYIO MPUPOJIHYIO CPEly B Pe3yJbTaTe aHTPOIOI€HHOM
JeATENIHOCTH, TPHHIMITNAIBHO (JKOJIOTHYECKH) OTJIMYAIOTCS OT ECTECTBEHHBIX PAJHOHM30TONOB IYTAMH H
0COOCHHOCTSIMH MHIPAlMU 110 KOJIOTHYECKUM LIEISIM, a, CIIEA0BATENbHO, M XapaKTepOM BO3JEHCTBUS Ha OWOTY U
yenoBeka. J[0cTaToOYHO HAMOMHHTH, YTO €ciy B Onocepe MpakTHYECKH HET IKOJIOTHYECKUX HHII, B KOTOPBIX HUAET
HaAKOIUICHUE €CTCCTBCHHBIX PaJUOHYKIINIO0B, CHOCO6HI)IX JaThb 3HAYUMBbII }IOSOBBIﬁ 3¢)¢)BKT, TO IJIA UCKYCCTBCHHBIX
panuou30TONOB (M30TOMNBI HOMA, W30TOIMBI CTPOHIMS, HE3Ws]) MMEHHO CIIOCOOHOCTh HAKAIUIMBAThCS B OTAENIBHBIX
“HUmax”’ AKOJOTHYECKOW Ienr (MXHU-THIIAIHAKA B 3KOJOTHMYECKOW IIeTr: BhIMaaeHUsS Ha CeBepe - MOBEPXHOCTH B
TYHIPE - CEBEPHBIH OJEHb - YEIOBEK) WJIM B OTICIBHBIX OpraHax WM TKaHSAX OpraHM3Ma (IIMTOBHIAKA A Homa)
JIeTIaf0T NCKYyCCTBEHHBIC PaION30TONB THTHEHHYECKH KpalfHe OTTACHBIMH.

Pacnonoxxenne KaBkaza B 30He MPUMEPHOTO PaCIIOIOKEHHS TOJIMTOHOB UCTIBITaHUH, (TTocie cepur 1961-1962 rr.
npoBoanMbix CCCP B CeBepHoM nosnymapuu 310 0butn uctsitanusi KHP) u aBapun Ha UepHoObuibckoir ADC, B 30He
HauOoJbIIeH HHTEHCUBHOCTH CTPaToc(epHO-TponocheprHyeckoro oOMeHa, IposBIIeT cedsl:

1. PaHHNM HACTYIUICHHEM BECEHHE-JIETHEIO MAaKCHMYyMa;

2. bojee 4eTKMM MakCUMyMOM B CE30HHOM XO/I€;

3. bonpmuMu ypOBHSMH BBINAI€HUH IO CPAaBHEHMIO C APYTMMHU pallOHAMU CTPAHBI;

4. Bonpmiel “9yBCTBHTEIBHOCTBIO” K “CBEKUM”~ MIPOILYKTaM.

CrpykTypa ri100anbHBIX BRIAICHIH Ha UCCIEyeMOM PErHoHe 00yCIOBINBACTCS:

1. YObIBaHMEM ypOBHEH BBHINIAJCHHIA C CEBEPa HA IOT.

2. BepTukansHON 30HABHOCTBHIO YPOBHEH BBIMAJCHUH (BO3pacTaHHEM C BBICOTOI), YTO OOYCIIOBJICHO BBIPAKCHHOM
BEPTHKAIBHOM 30HATBHOCTHIO KIIMMATHIECKUX (PAKTOPOB, 0COOCHHO PEXMMA yBIa)KHEHUS.

3. OcoOeHHOCTAMM LUPKYJSIIUKA BO3IYNIHBIX MacC B YCIOBHSAX CJIOXXHOTO TOPHOTO penbeda (TOpHO-IOJIMHHAS
LUPKYJBIINS, paclpeieieHHe 0CaIKOB Ha MOABETPEHHBIX U HABETPEHHBIX CKJIIOHAX U T.JI.).

[t orpaHUYEHHON TeppUTOPUH NiepepacipeneieH s TII00aNIbHbIX paJlHOaKTUBHBIX BBIIAICHUI IPONUCXOIIT, B
OCHOBHOM, C OCaJIKaMH.

Ve ciycTs maTh JieT nociie YepHoOBIIbCKOM KaTacTpodbl, paJnoIKOIOTHIecKasi CUTyalus Ha YepHOMOPCKOM
nobepexxbe ['py3un  crabwimsupoBaniack. [lpuOnmusuinace K  €CTECTBEHHOMY  YPOBHIO — PaJHMOaKTUBHOCTB
CCIBbCKOXO03IMCTBEHHBIX INPOAYKTOB MCCTHOI'O MPOU3BOJACTBA W JUKOPACTYIIUX AI0ad H FpI/I6OB. YCKOpeHHaH
«AC3aKTUBALUsA» OCHOBHBIX THUIIOB IIOYB, O6yCHaBHI/IBaeMaH X TUIIOM U PEIKUMOM YBJIAXKHCHUS, IPOUCXOJUT 3a CUCT
CMBIBA 1 3arTyOJICHUS JONTOKUBYIINX OCKOJOYHBIX PAIHON30TONOB. Yike ko BpeMeHn pacmaga CCCP ypoBHu ramma-
(oHa B 30HaX MaKCHMaJIbHOTO 3arpsi3HeHust B cpejiHeM He npesbimanu 160 mxP/4ac, ¢ conepxxanuem nesus-137 go 5-
107 Ku/kr. B HacTOs1IEE BpEMS B LIEJIOM Han0oJjee pacpoCTpaHeHHbIE yPOBHH 110 3anaguoii I'pysun Hmke 30 mxP/uac
C COIepKaHUEM LIE3Hs B BEpXHeM 5 cM cioe MeHee 510 Ku/kr. 3HaunTenbHO U3MEHUIOCh M JOCTUIIIO J0ABAPHIHBIX
YPOBHEH colepskaHue Le3ns U CTPOHIUS B MOpckol Boge — nopsanxa 0,5 nKu/n. Cpa3y nocie aBapuu, KOHIEHTPALH
me3ns-137 y BocrouHoro moOepexbs UepHOro Mopsi AOCTHTana AecATKOB TKW/JI, yMEHBIIAsACh K IOTY BAOJb
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nmodepexbs. ITO 0OBICHUIOCH HE OCOOCHHOCTSIMH BBINIAJCHHS HAa aKBaTOPHUIO, a B 3HAYUTEIBHON Mepe BIUSHUEM
peunoro ctoka Marypu, Puonn, Yopoxu. boee paBHOMepHO OBLTH pacnpeieneHbl KOHIEHTPAIIMH CTPOHIIUS.

KaBka3 xapaxTepusyercss OONBIINM pazHOoOOpasueM JaHAMA(PTOB M MOYB. ITO pazHOoOOpasue 00YCIOBIMBAET
Pa3IMYHBIA PEKUM MUTPAAN PAJIHOU30TOINOB B IIOYBAX, OOYCIOBIMBAEMBIA (PH3UKO-XUMUIESCKAMH OCOOEHHOCTSIMH
rocineaHnX. [y OEHKH MOIIHOCTH J03bl TaMMa-H3Iy4eHHss He00X0IMMO, KpOMe 3HAHUS IOBEPXHOCTHOH IIOTHOCTH
(3amac B 1ouBe), yYMTHIBATh IPOHUKHOBEHHE TIPOYKTOB SJIEPHBIX B3PHIBOB B MOYBY BIyOb. Kak m3BecTHO, mpoduim
KOHIIEHTPALlMK MPOJYKTOB SICPHBIX B3PHIBOB B IIOYBE OITMCHIBAIOTCS HEMOJHON TramMma-(QyHKIHEH, OJHAKO ¢
JOCTaTOYHBIM TIPUOJIMKEHHEM B MOBEPXHOCTHOM CJIO€ MOTYT OIMCHIBATHCSI OKCIIOHEHTHOW. [IpoHMKHOBeHHE
MIPOJIYKTOB SIZICPHBIX B3PHIBOB B MOYBHI 3aBUCHUT OT BHJIa MOYB, T'OJI0OBOTO KOJMUYECTBA OCAKOB (PEKMMa YBIIaKHEHHS) U
YPOBHEW NOCTYIUIEHHUS] CAMUX PAaTHOHU30TOIIOB.

[Tpu oneHKe BHEIIHMX M BHYTPEHHHX J103 00xyueHHs: HaceneHus lOxHoro KaBkasza moinkHa OBITH HPUHSATA
pa30OMBKa TEPPUTOPUH 3aKaBKa3bsi Ha paioHbl. PalloHUpOBaHHME OTpakaeT UENbIH KOMILICKC TI'€O(hH3UUCCKUX
0Cc0OEHHOCTEH M3y4aeMbIX PaOHOB PETHOHA; OHO SBIIETCS “OOBEKTHBHO CYIIECTBYIOMINM ’, BBISIBJICHHBIM B MIPOIIECCE
MHOTOJICTHETO M3yUYeHHsI OCOOCHHOCTEH IIOOANBHBIX PaJdOAaKTUBHBIX BBINAJACHUHN MPOIYKTOB SACPHOBIX WCIBITAHUN
Ha KaBkaze. O4eBHIHO, YTO HAJIMYHE OMPEACICHHBIX 3aKOHOMEPHOCTEH, IMO3BOJSIOMIMX HCIONB30BaTh IOMXOOHBIN
MMOIXOM, SBISETCS TPOSBICHHEM TJIyOOKHX TeO(M3NICeCKAX 3aKOHOMEpPHOCTEH, B dYeM yOexkmaer aHalu3
TePPUTOPHATBHBIX M IUPKYISIIUOHHBIX OCOOCHHOCTEH H3y4aeMOro peTHOHa.

JUist KpYIHBIX PETMOHOB pOJIb aTMOC(EpHBIX OCAIKOB B IepepaclpeleieHUH PaJANOaKTUBHBIX BbINAJACHUN
OJTHO3HAYHO HE BBIIBILIETCS; MPU PACCMOTPEHHH MalbIX TEPPUTOPHUI MOXKHO YTBEPXKIaTh, UTO II€pepaclpelesieHne
MIPOUCXOJUT, B OCHOCHOM, C OCafKaMH. DTO XOPOIIO BBIABISIETCS NPU HU3yUYEHHH TEPPUTOPHUATBHOTO paclpeneieHus
panuoakTHBHBIX BhimageHui o KOxuomy KaBkasy, rie B crily KIIMMaTo-reorpaduyeckux yCIOBHH Mepenaj] B ypOBHSIX
aTMoc(epHBIX 0CAIKOB [UIsl OJIM3KO PacloIoKeHHBIX paiioHoB gocturaet noutu 100%.

MOHO OXapaKkTepu30BaTh KapTHHY pPAHOHUPOBAHMS 3aKaBKa3bsl 10 YPOBHSAM IJIO0ANBHBIX PaJAUOAKTHBHBIX
BBINAJICHUI KaK YJOBJICTBOPUTEIFHO COBMAAIONIYIO C PAaCHpeIeICHUEM 0CaIKOB IIPUMEPHO B TAKOM COOTBETCTBHU:

ocazaku cBeite 1800 MM 90-100% BbIIaACHUI
ot 1000 1o 1800 MM - 75-85% BhIIageHMI
ot 700 1o 900 MM - 60-70% BBITTagEHMIT
ot 500 mo 700 MM - 45-55% BBIIameHUH
meHee 400 MM - MeHee 45% BBITaIEHUH.

3a 100% B3s1THI BB ICHUA B 8,75 MKIOpI/I/KMZ.CyTKI/I o OeTa-pagoaKTUBHOCTH
(B meproabI MaKCUMAIIBHBIX BHITIAICHUN).

O camoii cTpamrHOH TeXHOTeHHOW KatacTpoe — aBapuu Ha UepHOOBUTbCKOMT ADC Ka3zalnoch H3BECTHO BCe.
XPOHOJIOTHYECKN BOCCTAaHOBJICH XOJI MOCTYIUICHHSI B aTMoc(epy MPOAyKTOB TepMuueckoil aectpykuun TBDJI-oB B
pe3yibTaTe TEPMUYECKOTO pa3phiBa peakropa. M3BecTHBI OCHOBHBIE IyTH M apealibl pacpOCTPAHEHHUS 3THX NMPOAYKTOB,
COCTAaBJICHBI NTPAKTUUECKH 1TOJIPOOHBIE KapThl 3arpsi3HEHUs OOLIMPHBIX TeppuTopuit Toraamuero Coserckoro Corosa u
COIIPEENIbHBIX HHOCTPAHHBIX TOCYJapCTB JOJTOKUBYIIMMH PaAHOHYKINIAMH «UepHOObUILCKOTO renesncay. OmHako
JO CHX MOp HEKOTOpble BOINPOCH AWHAMUKH JAJbHEr0 aTMOC(EPHOro IepeHoca paJdOaKTHBHBIX MPOIYKTOB
YepHOOBUTBCKOM KaTacTpo(bl HE COBCEM BEPHO OTPa)KEHBI B MHOT'OUUCIICHHBIX UCCIIE0BAHMAX IO 3TOH MpobieMe.

B kanyH UepHOOBIIbCKOI aBapuy Ha TEPPUTOPUSIX HBIHE HE3aBUCHMBIX TOCYIapCTB — TOT/IAa PECIyOJIMK B COCTaBe
CCCP cymecTBoBana BIIOJHE OCHAIIIEHHAs [10 TEM BPEMEHAM CIIEIMalIbHasl CETh KOHTPOJIS palMOaKTUBHOCTH BHEIITHEH
cpenbl — OOILIErocyqapcTBEHHas paaudoMeTpudeckas ciyk0a, co3maHHas poBHO S50 yer Ha3ajg Ha 0Oa3e ceTu
Tlockomruzipomera. B pernmamente ciyxObl IpelycMaTpUBAINCh Pa3iMYHbIe WHCTPYMEHTAJIbHBIE METOIbI KOHTPOJIS
oOmielf aKTHBHOCTH W HM30TOITHOTO KOHTpONA TpoO BHemHEH cpensl. OmepaTHBHOCTH paboTHl oOecneduBaliach
CHCTEMOH OTMEPATUBHOM CBA3M, a TAKXKE TPAHCIIOPTHPOBKON CIHELUATIBHBIX P00 B BBIZCICHHBIE 0a30BbIE 1a00PATOPHU
JUIL M30TOITHOTO aHalli3a, PE3yJIbTaThl KOTOPBIX €XEeMECIYHO 0000Imannch B clenuaibHbIX J1abopatopusx HIIO
«Taiidyn» B . OOHHHCKE, KOTOpoe Toxe B KaHyH HoBoro 2011 roga orMedano moiryBeKoBoit 1o0mei!

Vaxe 27 anpens 1986 r. craHmus paguoMETPUYECKON ceTH AXankallakd, pacrnonoxeHHas B FOxnoil I'py3zuu
BbIJIaJIa COOOIIEHNE O MOBBIMICHUH MPU3EMHOT0 (JOHA PaJMOAKTHBHOCTH Ha JBa Mopsaka. KOHTpoib-aHAIN3 JaHHBIX
OmDKalIMX CTaHIIMK 3TO IIPEBBINIEHHE HE IMOATBEPAWN M JaHHbIE ObUTM aHHYJIMPOBAHBI Kak «ommoOka». Ilpum
JlaTbHEHIIeM aHaJi3€e, KOT/Ia CTAJIM U3BECTHBI peajbHbIe (hakThl 1o YepHOOBUILCKON KaTtacTpode, CTajao 04eBUAHO, YTO
UMEJl MECTO TpPOMOC(EpHBI CTPYHHBIA MEPeHOC Ha BbICOTax mopsiaka 1,5 — 2,5 kM. B cropony UepHoro mops,
3auKcUpOBaHHBI Takke Ha craHnuu Opnecca. Peanmuyu CHHONTHYECKHMX NpPOLIECCOB B KOHLE ampens (oOmactu
BBICOKOTO JaBJEeHUs Hall UepHbIM MOpEM) «3KpaHHUPOBAIM» MPEUMYILIECTBEHHBIN 3amagHbli mepeHoc Ha HOxHBIN
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KaBka3. Tonpko B mepBbIX umciaax Mas Ha BoctouHoe moGepexbe UepHOro Mops MPOHUKIN BBICOKOPAANOAKTHUBHBIE
BO3/YILIHbIE MACChl C JINBHEBBIMHU OCAJKaMHU.

IIpn paccMOTpeHHMH LIETIOTO PErHOHAa, 3aKOHOMEPHOCTH aTMOC(EpPHOro IepeHoca paJAnOaKTHBHBIX MPOIYKTOB
YUepHOOBIIBCKOH KaTacTpo(bl HECKONBKO OTIMYAINCH OT 3aKOHOMEPHOCTEH MEepeHoca paJdOaKTHBHBIX IPOIYKTOB
IJI00aIbHBIX BBINAJACHUH OT UCIBITAHUN SIEPHOTO OpYKUsl B aTMoc(epe (B koHe 50—x — Hayase 60-X TO0B ITPONLIOTO
crosetrs). OnHAaKO BHYTPH pETHMOHA IIepepaclpesieieHHe BBINAJICHUN paJdOaKTHBHBIX MPOJYKTOB B IIEJIOM
MIOJUMHSIICH TEM JK€ 3aKOHOMEPHOCTSIM: - IepepacipezielieHue PaguoHyKIUI0B IIPU TPOHocepHOM mepeHoce (a
HMMEHHO C TaKMM MBI UMEJIH JIeNIO0 B citydae YepHOOBLIs) IPOUCXOIUT B OCHOBHOM C 0Ca/IKaMHU;

- MHTEHCUBHOCTb ITOCTYIUICHHSI PETJIAMEHTHPYETCSl MPOLIECCaMyl CaMOOYHILCHUSI aTMOC(EpBl, Uil XapaKTepUCTUKU
KOTOPBIX HAMH HCIOJIb3YETCsl KOMIUIEKCHBII MapameTp — CKOPOCTh OUYUCTKU HUYKHEH Tporochepsl.

B pesynbrare MHOTOJIETHUX HCCIIEOBaHMH aTMOC(EPHOH TNPHU3EMHON pPaMOaKTUBHOCTH, CaMOJIETHBIX
UCCIIEZIOBAaHNUH pacIipeeeH s PaJHOHYKIIMIOB PA3IMYHOTO FeHEe3HUCa, aHalIM3a TOCTYIICHUS] U MUTPAllUM  Pa3IMYHBIX
PanUOHYKIHMIOB B MPUPOJHBIX CPElax, yAaJIoCh YCTAHOBUTh 3aKOHOMEPHOCTH IPOIECCa MUTPALUH PAJANOHYKIIHMIOB
€CTECTBEHHOTO M HCKYCCTBEHHOTO MpoHCcXokaeHus B peruoHe IOxuoro Kaskasa:

- 30Ha Bocrounoro nobepexns UepHOro MOps XapaKTepHU3yeTcsl aHOMAIFHO HHTCHCUBHBIM BEPTHKAJIBHBIM 0OMEHOM
BO3/YIIHBIX Macc;

- MHTETPaJbHBINA MapaMeTp — CKOPOCTh OYNCTKH HIKHEH aTMoc(hephl KIMMAaTHYECKH YCTONYUB 1 PENPE3CHTATHBEH,
XOpOIIO XapaKTEepU3yeT B MHOTOJETHEM pa3pe3e HMHTEHCHBHOCTh IIOCTYIUIEHHS PaJUOHYKIHIOB Ha ITOBEPXHOCTBH
TIOYBHI;

- YEeTKO TNpOCIeXHBacMas BepTHKaJbHAs 30HAIBHOCTh KIMMaTH4YecKuX mapamerpoB Ha HOxHom KaBkaze
MIPOSIBIISIETCS] ¥ B KAPTUHE 3arpsI3HEHHsI TEXHOT€HHBIMHU PaIHOHYKIINAaMH TOBEPXHOCTH MTOYBHI;

- BBIABWJIACh CHJIbHAsl IMSATHHUCTOCTh PaJMOaKTHBHOTO 3arpsi3HeHus KoiXuackoidl HHM3MEHHOCTH W BBICOKOTOPBS
3anaguoii ['py3uw;

- 3HAYUTENBHO 0oJiee PaBHOMEPHOE 3arpsi3HEHWE HHU3KMMHU YpOBHAMHU ObuM 3adukcupoBaHbl Ha MMepeTHHCKOMN
BO3BEIIEHHOCTH, FOkHOM 1 BocTouHoit ['py3um;

- MapIIpyTHbIE CBhEMKH II0 HampaBieHusM ToOwmicun — baky m TOwmmmen — EpeBan (Aparam) BBISBHIN
HE3HAYUTENIFHOE S3MHM30ANYECKOE TPOHMKHOBEHHE 3arpsi3HEHHBIX BO3IYIIHBIX Macc Ha TEPPUTOPUH ApPMEHHH H
AzepbOaiimkana.

B memoMm yTOYHEeHHOE OCPEAHEHHOE pacHpeseNeHHe pPaguOaKTUBHOTO 3arpsisHeHust FOkHoro Kaskaza ot
JIOJITOKHUBYIITUX OCKOJIOYHBIX PaJMOHYKIHIOB - IPOAYKTOB YepHOOBUILCKON KaTacTpo(dbl (B OCHOBHOM 3TO CTPOHLIUH-
90 u neswmii-137) BeIMISANT cineayromuM o0pazoM (3a runorerndeckuii yposeHbs 100%-Horo 3arps3HeHHs B3T YPOBEHb
10 Ku/kB. kM):

- mpubpexHas nojoca Bocrounoro modepexns UepHoro Mmopst — 40%;

- Amxapus, Abxaszus, CBaHeTHs (BBICOKOTOpHBIC perroHbl) — oT 30% 10 40%;

- Komxuncko-MimepeTnHckas paBHHHA U CeBepO-3allaJHbIe CKIOHBI BCeX BHYTpeHHHX xpeO0ToB FHOxuoro Kapkaza —
10 20% (c yOsIBaHHEM C 3amaja Ha BOCTOK);

- paBHHMHHas yacTb Boctounoit I'py3un, Apmennu u AzepOaitmxana — ot 5% 10 10% (Taxke ¢ yObIBaHHEM OT 3amajia
Ha BOCTOK U C CEBEpa Ha 10T, B 3HAYNTEIBHON MEpE CIIELys PACIPENCICHNIO OCaIKOB).

OTH OIEHKM B OCHOBHOM OBUIM TOJITBEP)KICHBI MPOBEIACHHBIMH B CBOE BpeMs VIHCTHUTYTOM HpHKIagHOM
reopmsukn (MockBa) nepecderamu ypoBHel 3arpssHennss 1o CCCP Ha BenMYHMHBI TOOBOTO ymiepOa B JEHEKHOM
BBIpOKCHNH; BCJIEA 3a obOnacTsMu YkpanHsl, benmopyccun n Poccun, O ymep0 ans ['pysum, xots abGcomoTHas
BEJIMYMHA 3TOTO yuiepOa ceifuac HUYEro He BhIPaXKaeT.

[TyGmukanust 5TUX MaTEpUaANIOB J0 CUX IOp MMeeT 0OJbLIOe HAyYHOE 3HAYEHUE KaK BO3MOXHOCTH ITPOBEICHUS
[IMPOKOW TIPOTPaMMBI PAJNOIKOJIOTUYECKUX M PAAMOTUTHEHUYECKUX HCCIIEIOBAaHUH Ha CPaBHHUTEIHHO KOMITAaKTHBIX
NpOCTpaHCTBaX ¢ OOJBLIMM pPa3HOOOpa3HeM KIMMAaTHYeCKUX W COLUAIBHBIX (DAKTOPOB M MalBIMH M CPEIHHMH
YPOBHAMU paJOHYKIIMAHOI'O 3aIrpsA3HCHUS.

I/IOHI/I3I/IpyIOL[II/Ie N3JTy4YCHUA, 06yCHOBHeHHbIe TJIaBHBIM 06pa30M KOCMUYCCKMMHU JiydaMd HW pacnagom
€CTECTBEHHBIX PAIMOHYKIMAOB B 3€MHOM KOpe, CO3MAlOT NPHPOAHBIA pPAJAMALMOHHBIA (OH, IOCTOSHHO
BO3ZCUCTBYIONINI Ha BCE XMBOE C MOMEHTa BO3HMKHOBEHHS JKM3HM Ha 3emie. IloaTomMy Omomormdeckoe aeiicTBre
W3Ty4eHHH B MpeJeax MPUPOAHOTO (OHA HE SBISIETCSI HOBBIM MIIM HEOOBIUHBIM JUISl OPraHU3Ma KUBOTHBIX U YEJIOBEKA
¢akTopoM. Bmecte ¢ Tem, BIMSHHE NMPUPOJHOTO PajManMOHHOTO ()OHA Ha TPOLECCH KU3HEAESTEINBHOCTH >KHBBIX
OpPTaHW3MOB JI0 CHX IIOp OCTaeTcs OJHMM H3 HambOoiee CIabOM3y4EHHBIX M COCTAaBISIET BaKHYIO YacTb MPOOJIEMBI
JEeWCTBHS MaJIbIX /103 HOHU3UPYIOLIET0 U3IyYEeHHs Ha OPTaHU3M.
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Onenkn 103 00myueHns HaceneHus: KaBkasza cucTeMaTHUeCKH MPOBOIMIKCE ¢ KOHIA 50-X TOIOB KaK OpraHamMu
MuHucTepcTBa 3ApaBooXpaHeHus, Tak 1 Komuccuelt mo uzoronam u usnydeHusiM AxageMuu Hayk. CpaBHHUTENBHO
XOpomIO OBII YYTEH BKJIAJ €CTECTBEHHOH PaJMOaKTHBHOCTH, BapHAIMU MPHPOAHOTO (hOHA, BOIPOCH MCIOIH30BAHUS
panoHOBbIX BaHH. C IMOSBICHHEM HMCKYCCTBEHHBIX TEXHOTCHHBIX PaAMOHYKINIOB HAKAIUIMBAINCH JAHHBIEC IO HETO-
CPE/ICTBEHHBIM HM3MEPCHHUSIM 103 BHEUIHEro OOJydeHHWs. Jlemanuch IOMBITKH OLEHKH /103 MpodeccHOoHanbHOro
00JTy4eHns! HEKOTOPOTO KOHTHHTEHTa MEIUIMHCKAX PAaOOTHHKOB, a TakXKe 103 BHYTPEHHEro OOJydeHHs, 3a CYET
Pa3IMYHBIX MyTeH IPOHNKHOBEHUS PaJHOHYKINI0B Pa3IMYHOTIO TeHE3MCa B OPraHU3M YeJIOBeKa.

[lepBbIe MOMBITKM KOMIUIEKCHBIX OIIEHOK JI03 BHEIIHErO U BHYTPEHHErO OOJYyYeHHMs! CBS3aHBI C BHINOJHEHUEM
CIELIMaNbHBIX HMCCIeN0BaHUI B Hadane 60-X roloB MPOILIOro Beka. Bbul OLleHEH BKIIAA PAa3IMYHBIX MCTOYHHKOB U
pa3nuuHbIX MyTei o0myueHus. K 3ToMy BpeMEHU OTHOCSTCSI MTOTIBITKH JI030BBIX OLIEHOK OT JOJITOKUBYIINX, TI100aIbHO
BBINIABIIUX PAJMOHYKIHIOB. 3aKOHYEHHYIO (pOpMY ATH MONBITKY OLEHKH YPOBHEH J030BBIX HATPY30K MPHHSUIN JIUIIb K
koHiy 80-x romoB. K mepuomy karactpoder Ha YepHoObuibckod ADC THUrHeHHYECKHWEe OIIGHKH BKJIaza
UepHOOBIIBCKOTO 3arpsi3HEHUS] OCHOBBIBAINCH HA JAHHBIX CIEIMAIBHON PagMOMETPHUUYECKON CETH, Ha IaHHBIX
paanomsoTonHsx anannzoB HITO “Tafidpyn”.

Cepueil mccienoBaHMH, KOTOpble OOOOMIEHBI B DPEryJSIpHO H3JaBaeMbIX Hamu  “‘PagmanmoHHBIX
HCCIIEIOBAaHMAX ’, YIAJIOCh PEAbHO OIIEHUTH MacIITa0bl 3arpsisHeHus pernona Kakasa. Beiio mokasaHo, 4To ypoBHH
3arpsi3HeHnsT BocrowuHoro moGepexpsi UepHOro Mops OBUIM BBICOKMMH. OTO ONPEAEISNIOCh KaK IIMPOTHBIM
MECTOIIOJIOKEHHEM  HCTOYHHMKOB  PAMOHYKIMIOB, TaK MW  TIeopU3HMYECKUMH  OCOOCHHOCTSIMH  pEruoHa.
@pakurOHNPOBaHNE PAJHOHYKIMIHOTO O0jlaKa MpH TPOIroc(eHOM IepeHoce, 0OMeHa paJoHyKINA0B Hoxa co3aaino
MIPEANOCHUIKN OBICTPOTO Craja ypoBHe#l 3arpsi3HeHMs. OIHAKO HaMU OBUIO TMOKa3aHO, YTO OCOOEHHOCTH JWETHI W
XO3SHCTBEHHOT0 yKJaza (KPYIJIOrOJWYHBIN BBINAC, OOWJIME CBEXHUX MOJIOYHBIX IPOMYKTOB M 3€JIEHH) CO3AAIH
JIOTIOJTHUTENbHBIE (PaKTOPHI pHCKa B HEKOTOPHIX pernoHax Kapkasa.

MOIITHOCTh [03bI TaMMa-00JydYeHHUs, HapacTaBinas (BO3pacTaBilas) C MEPBBIX (qHEH) uucen mas 1986 r,
MaKcHMyMa JJIsl T. IIeHTpalibHbIX paiionoB FOxnoro KaBkasza mocruria 8 mast 1986 1. JononuurensHas (k GoHOBOMY
M3IYYCHHIO) J03a TaMMa-o0NMydeHns HaceneHus r. TOwmmucu mpu 3tom coctaBmina 300 mMx3B. MakcuManbHas 1o3a
BHEIIIHETO OeTa-o0irydeHnst HaceneHus T. Tommcn mocie aBapun Ha UepHOObUTbcKOt ADC B TeUeHHE TOAa COCTaBUIIA
okoso 380 MxI['p, a cpegHss To0Basi HHANBHAIYATbHAS 1032 BHEIIHEr0 raMMa-O0IydeHHs TOTO JK€ pEernoHa JOCTHTIIA
yumrs 300 MK3B, UTO COCTABISIET BCETO OKOJIO 25% TomoBoii 1036l (HOHOBOTO BHEMIHETro oOimydeHus. OqHAKO, C YIETOM
Ha MOPSIIOK OOJNBIIMX yPOBHEW 3arpsi3sHEHHs Ha rmodepekbe UepHOro Mopsi M B HEKOTOPHIX BBEICOKOTOPHBIX PErHOHax
KaBkaza TH oneHKH JaBajid TIOBO/I AJIs ONpeiesieHHoro OecriokoiictBa. OLEHKH /103 00Iy4eHHs OpraHu3Ma B3pOCIbIX
U TOJPOCTKOB MHTAISIIMOHHBIM U TIEPOPANBHBIMH ITyTSAMH, MO MPSIMBIM CIIEKTPAIbHBIM M3MEPEHUSIM H30TOIOB Hona
(metn: maramsamuonso 0,15, mepopansho - 21,1 M3B; B3pocnbie: uHransumonuo - 0,11, mepopansro - 1,81 M3B)
MOKa3bIBAIOT ypOBHH, comocTaBuMble ¢ oueHkamu HKJ[P OOH B pokmame 1988 r. nmaxe s “Hambonee
noctpanaBmux”’ bonarapuu, ['pennu u PymbiHum. 9TO yKka3biBaeT Ha HEOOXOAUMOCTh Pa3BOpPAYMBAHMS CICIUATLHON
MIPOTrpaMMbl PEaOMINTAINM, AKTYalbHOCTh KOTOPOW HamOosiee HAIJSIIHO IOATBEP)KIAETCS MaHAEMUEH IaTOIOTHU
IIUTOBUIHOM JKENE3bl CPEIU HACEIEHHUsT HEKOTopbIX pernoHos KaBkasa.

JUIs TOPHBIX PErMOHOB PAaIMAlMOHHBINA (DAKTOp MOXET SBUTHCS OCHOBHBIM MYTOTEHHBIM (hakTopoM. OcTpo
JVICKyCCHUPYEMBII B HACTOSAIIIEE BPEMS BOIIPOC MOPOTOBOCTH MM OECIIOPOTOBOCTH JEHCTBHS HOHU3UPYIOIIEH paguanyun
YCHJIMBAET aKTyalbHOCTh MCCIENOBaHMHA. HamMyu mpoaHann3npoBaHbl MHOTOJICTHHE JTaHHBIE IO OLCHKE IC€HETHIECKON
OIMaCOCTH MOHU3UPYIOIICTO WM3ITyYeHHs coriacHo odurmanpHbIX oreHok HKJIAP OHH. Ilo mocmemHuM oOIleHKaM,
4acTOTa BCEX BUJIOB €CTECTBEHHBIX MyTaluii Ha 1 MJIH. HOBOPOX/IEHHBIX nocturaer 738 Teic. Ha 3ToM ¢oHe omenka
BEJIMYUH MyTanuid oT oOiryueHus no3oi B 1 I'peit — ot 3000 mo 4700 Gonee yem ckpomHbl. OHAKO pearbHas OICHKa
OMAaCHOCTH HOHM3MPYIOLIETO W3JIyuyeHHs] 3a CUeT PaJAUOdKOJIOTMYECKHX AHTPOINOIEHHBIX HArpy30K Ha BHEIIHYIO
MIPUPOJHYIO CPEely BO3PACTaeT C yYETOM HECKOJIBKUX (DaKTOPOB: C yYETOM OOIIyYEHHUS! «POIUTEIBCKUX MOKOJICHUI
MIPOLIEHT MyTaIuil OyeT yJaBauBaThCs; IPHU BEICOKOM «ECTECTBEHHOM YPOBHE» CIIOHTAHHBIX MYyTAaIlUi pe3Ko BO3pacTeT
BEPOSTHOCTb «CYMMHPOBAHHSD Ae(HEKTOB.

WTak, HeCKOJIBKO 3aKJIIOYUTENBHBIX CIIOB:

1. Iapckas Poccus yaensina rpomMagHOe 3HA4YCHHE IMOWCKY PalMOaKTUBHBIX pyA. Yxe kK 1910 romy ma Kaskaze
paboTtasia ofHa U3 CaMbIX OOJBIIMX T€OXMMHUYECKHX 3Kcnenunuii. OHH TIIATETBHO HCCIIEAOBAIHN JOJIHHBI PEK
UYepHoro Mopsi — €CTb MHOTOYHCIICHHBIE NyOnmkamuu Tex JieT. EcTe cnenmanpHble oT4eTl B apxuBax. K
COXKAJIEHHUIO CKOPO BBIICHWIIOCH — Ha KaBKa3e HeT MepCIeKTUBHBIX MPOSIBICHUH PaJHOaKTUBHBIX Py, €CTh TOJIBKO
«OcalouHBIe TUH3BD. Yike K Havany ¢opmupoBanus CCCP, skcnenuinn nepemectmwinch B CpeaHyio A3Hio, T3
9TOr0 N00pa Jnaxke ciumkoMm MHoro! Takum oOpa3om, HyKHOW aist J0OBMM pyxasl ypaHa B ['py3uu HET — HU B
Comonaku, Hu B ABnabape, u naxke He B Paue u CBaneTuu, K coxaieHuro!!!
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2. PagmammonHelii ¢GoH B I'py3um neTanbHO M3ydeH, KaK OT CCTECTBEHHBIX, TaK M OT HCKYCCTBEHHBIX —
AHTPOIIOTEHHBIX Paauon30TONOB. MiMeHa TeX NOCTOWHBIX Y4YeHBIX I'py3HH, KOTOpPBIE KEPTBYsS CBOUM 3I40POBBEM,
BHECII HanOOJIBIINI BKJIAJ B 3TO JIEJIO, JETATHBHO NPHBEICHBI B Moei MoHorpadgum «PaguariioHHast SKOJIOTHSA
TOPHBIX PErHOHOBY». TaM k€ MOXXHO HAWTH JAETalbHBIE KapThl, B TOM YHCJIE M A BBIXOAA TPYHTOBBIX BOJ
pasnuuHOro reHesuca. J(ONTOKMBYIIME TEXHOTEHHBIE (MCKYCCTBEHHBIC DPAJMOHYKIWABI) H3ydeHBI emie Ooiee
TIIATEIBHO — BBIIIE OBIJIO YKA3aHHO: OT HUX ONACHOCTB VIS 3710POBbs OOJIBIIIE.

3. Kro npodeccronansHo 3aHMMaeTCsl JO3UMETpHEH (3TO elle He pajnanyuoHHas TMTHEHa U TeM Oojee 3To ele He
PalMOdKOIOTHs), TOT 3HAET O OOJBLIMX TPYIHOCTSAX JO3UMETPUYECKUX M3MEPEHHH — 3/1eCh MBI MMEEeM JEJ0 C
JIBOMHOI CTATUCTHUKOW M caMoro sBJICHUS U criocoda n3Mepenus. Camble COBpeMEHHbIE MPUOOPHI, OYeHb YI00HbIE
B OKCIUTyaTalldd M MOOWJIBHBIE — 3TO MPUOOPHI «CPABHHUTENBHBIX, T.€. OTHOCHUTEIBHBIX H3MEPECHUI»; OHH
CPaBHHUBAIOT YTO — TO, H3MEPEHHOE C U3BECTHBIM 3TaJIOHOM. V1 Ha 3TOM JTOJITOM UM M3BWJIMCTOM IIyTH IOTPELIHOCTH
U BO3MOXXHOCTH OUIMOMTHCA OUYeHb BENHKHU. [la M TOCNe «TOYHBIX M3MEHEHHi», OJHO3HAYHO IepeiTH ot
aKTHBHOCTH K I030BBIM Harpy3kam Ui Hecllemuayucra He mpocTo. Tem Gosee aist comepKaHUsi KOHKPETHOTO
pPaaMOHYKINJA B POJAHMKOBOM BOJE HET OJHO3HAYHOM CBA3M MEXIY KOHLEHTpaLUel paiuoOHYKJIWIAa U J030BOM
Harpy3KOW; BeIb HOPMATUB YCTAaHOBJIEH AJIsl IUTHEBOW BOJIBI @ HE AJIs POTOYHOrO pydeiikal

4. Hanmo 4eTko 3HATH, YTO HUKAKOH pealbHBI TOYCYHBIH MCTOYHHUK Ie3us-137 (mpyrue M30TOIMBI 3TOTO MeTalia
MOKHO HE NPHHUMATh BO BHUMAHHWE — OHH WJIM CTaOWIBHBI WJIM KOPOTKO >KHBYYM), HE B COCTOSHHH CO37aTh
peaibHO OMACHBIM Ul 370pPOBBsI MOBBIMICHHBINH paananvoHHbIl GoH. HecMoTpss Ha Bce JiereHIbl W BBIAYMKH,
HECMOTpsI HAa paHee CYIIECTBYIOIINE «IIATHA PaJHOaKTUBHOCTH» (3TO OBbUIO TONBKO B 3amanHoi ['py3um — Ha
noOepexbe U BHICOKOTOPHE), B HACTOSIIEE BpeMsI [0 BCeil TeppUTOpHH [ 'py3HH HET MECT C OIACHBIM VISl 3J0POBbBSI
NOBBILIEHHBIM PAHAllMOHHBIM (GOHOM. MBI ToJIOBOI pydaemcsi 3a 3To! IIOMCKOM M M3BSTHEM OTIEIBHBIX
MCTOYHHMKOB PaJUOAKTHBHOCTH TEXHMYECKOTO MPOUCXOXKICHHS 3aHMMAIOTCSl CIICIHANIbHBIE CIYXKOBI — 3TO HE
HayKa, XO0T4 U KypHpyeTcs Beleyka3zaHHoil Komuccueit Axkanemun Hayk [ py3un.

Bepum, uTO HOBOE PYKOBOJICTBO CTpaHBI M HOBOE PYKOBOJCTBO HAyKH B ['py3uH CMOTYT COTJIACOBAaHHO
KOOPJIMHNPOBATH NMPOBEICHNE MTOI00HBIX HCCIIE0BAHUN B CTpaHe; OoblIe He OyXyT BOSHHUKATh BOIIPOCHI KTO, TAE,
MoYeMy M 3adeM, 3aHMMAaeTCsl MCCeNOBaHMAMH. sl 3TOr0 B PEeOpraHU30BaHHOW AKaJeMHUH HAayK COBEPIICHHO
HEOOXO0MMO MPESYCMOTPETh CHENHaIbHbIE MOAPA3AEICHUS 0 KOOPIUHAIINY HCCIEIOBAHIH BO BCEX BEIOMCTBAxX
U JJa)K€ YaCTHOM CEKTOpE, IO CBSI3U ¢ MEAMWHBIMU OPraHaMH, M0 KOOPAWHAIIMY MEXOTPACIEBbIX HCCIECIOBAHUN 1
MHoroe apyroe. Torma Hayka OyaeT OTBedaTh MOTPEOHOCTSM HaceleHWs, a He BBI3bIBaTH paanodobuio n
MMAaHWYECKUH CTpax M3-3a OTIEIIBHBIX HEONPaBIaHHbBIX IyOIHKaIuii rpadoMaHOB.

Jlureparypa
1. Xypomze P.A., Kopmwmnua B.U., Hunkumeumu M.C. Wmxkeneprnas sxojnorus. B Tpex dwacrsx. //
Y4eOHUK 1)1 TEXHUYECKUX U MHKEHEPHBIX BBICHIMX yueOHbIX 3aBeneHuit. Towmucu, Usnatensctro I'TY,
1996, 422 c.
2. Hunxumsumu M.C. M. [lokropckas quccepranms. // Mocksa, 1991. J1.C.I1.

ARTIFICIAL RADIONUCLIDES IN THE CAUCASUS

Tsitskishvili ML.S., Tsitskishvili M.M., Chkhartishvili A.G.

Summary: The paper presents current data on radioactive isotopes that can be detected in the external
environment in Georgia. The results of some inverse problems are estimated. Estimates of the study of the
radiation background in Georgia are given.

Key words: Artificial radionuclides, radiation background in Georgia.
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CHANGE OF SHIDA KARTLI MOUNTAINOUS AND HIGH-
MOUNTAINOUS AGRO-CLIMATIC ZONES IN CONDITIONS
OF GLOBAL WARMING

Meladze M., Meladze G.

Summary: On the background of global warming, agroclimatic features in mountainous and high-mountainous zones
of Shida Kartli are assessed. Based on the analysis and statistical processing of multi-year meteorological observation
data (in 1948-2017), as well as future scenario (2°C temperature increase), the duration of vegetation periods, sums of
active temperatures (>10°C) and atmospheric precipitations (mm) and hydrothermal coefficient has been identified a
trend of increase/decrease of mountainous and high-mountainous zones. The data of 70-year-long observations for
comparison were divided into two 35-year-long periods. The first period covers the years of 1948-1982, and the second
period covers the years of 1983-2017. According to the scenario, in case of temperature increase by 2°C, there are
allocated the mountain and high-mountainous agroclimatic zones for distribution of prospective crops.

Key words: Agricultural climate, global warming.
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THE MAXIMUM STREAM FLOW OF THE KURA RIVER AND THEIR
CHANGING

Basilashvili Ts., Berdzenishvili N.

Summary: On the basis of statistical processing of 50-60 year stationary observations carried out on hydrostorms of
the Kura river of economic importance, the norms of average annual and maximum water discharge are clarified; trends
have been constructed and the rates of annual changes in the maximum discharge of rivers have been established. It has
been revealed that floods intensify and maximum water expenditures increase on the two rivers fed by glacial waters,
while on the others the opposite trend has been observed — the diminish. The data obtained are of practical use for water
management calculations in scientific, business and design organizations with the view of confirming various
constructions and conducting preventive measures. The obtained evaluation of the river water flow change is of vital
importance for planning the water management systems and for the environmental safety.

Key words: Kura river, stream flow.
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WORLD BIODIVERSITY AND GEORGIA
Kiladze N., Mangaladze N.

Summary: Ecologial problems of reduced biodiversity. Diminishing the ecosistems different species of plants and
animals nown as the loss of biodiversity.

Socio-economic factors couses the danger for bidiversity, to it is necessary to establish the connection between those
factors that couses danger, problems in biodiversity, and how do they act at different levels.

Key words: Biological diversity.
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IS THE DESTINY OF THE ‘BLACK SEA’ BLACK ?
Kadir Seyhan, Yahya Terzi, Sebnem Atasaral, Umar Khan

Karadeniz Technical University, Faculty of Marine Sciences

Summary: Despite natural deficiencies, the Black Sea served well to the adjacent countries as a food source,
transportation route, recreational facility, and even disposal site. As a result of these activities, it is subjected to many
impacts such as pollution, habitat degradation, and overexploitation in the last decades. The contamination of
oxygenated water layer by the pollutants is considered as a major threat to the Black Sea environment. Not only the
adjacent countries but also the ones in the drainage basin (a total of 22 countries) are contributors to pollution
transported by the rivers. These rivers are highly contaminated with industrial and mining wastes and nutrients from
agriculture. The Black Sea is also an important source for the fisheries. As a result of intensive fishing activities, most
stocks especially small pelagic fishes are continuing to be fished outside biologically sustainable limits. Habitat losses
limiting the reproduction and foraging areas as the result of fishing should be considered as a side effect as well. For the
sustainable management of natural resources, we need to understand how long the Black Sea can carry such a burden.

In this article we focus on the Black Sea in needs for a sustainable ecosystem management for the future.

Key words: Overfishing, pollution, sustainable management.

1. Introduction

The Black Sea is the largest inland sea in the world, surrounded by six countries. Despite natural
deficiencies, it served well as a food source, transportation route, recreational facility, and even disposal site.
As a result of these activities, it is subjected to many impacts such as pollution, habitat degradation, and
overexploitation in the last decades. The need for international actions for reducing these impacts to sustain
the benefits derived is widely discussed in the past (Mee 1992), however, the topic is still up to date. For the
sustainable management of natural resources, we need to understand how long the Black Sea can carry such
a burden. In this article, we focus on the Black Sea in need of sustainable ecosystem management for the
future.

2. Pollutants in the Black Sea environment

The contamination of the limited oxygenated surface water layer by the pollutants is considered as a
major threat to the Black Sea environment (Mee and Topping 1999; BSC 2007). Not only the adjacent
countries but also the ones in the drainage basin (a total of 22 countries) are contributors to pollution
transported by the rivers (Figure 1A). There are more than 300 rivers and ~300 million people (Figure 1B) in
the Black Sea drainage basin including second (Danube), third (Dnieper), and fourth (Don) largest rivers in
Europe. These rivers are highly contaminated with domestic wastes, industrial and mining wastes and
nutrients from agriculture (Vespremeanu and Golumbeanu 2017; Bat et al. 2018).

The contamination of the Black Sea environment including water column (Baltas et al. 2017),
sediment (Alkan et al. 2015; Bat and Ozkan 2019) and aquatic organisms (Stancheva et al. 2014;
Makedonski et al. 2017) with heavy metals is well documented in recent studies. Heavy metals in the marine
ecosystem have many effects on aquatic organisms. They can be transferred one to another through the food
chain and this results in biomagnification. In this context, the consumption of apex predators can be
hazardous for human health. Another pollution source for the Black Sea is the high nutrient load transported
by the rivers from the land-based sources. As the result of high concentrations of ammonium and phosphate,
phytoplankton blooms including red-tide cause a decrease in oxygen concentration, reduced transparency in
the water column, decrease in zooplanktons and mass mortality among benthic and pelagic fish populations.
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Figure 1. The Black Sea basin (A), population of countries adjacent to the Black Sea (B) (data from
World Bank (2019)), proportion of the total catch in the Black Sea by species (C) (data from FAO
(2018)).

In addition to the mentioned pollutants, marine litter and microplastics are gained attention in the last
decade. The litter items have direct and indirect effects on aquatic organisms, fisheries, economy, and
tourism.

3. Fisheries and impacts on the Black Sea ecosystem

The Black Sea is an important source for the fisheries. As a result of intensive fishing activities, most
stocks especially small pelagic fishes (Figure 1C) are continuing to be fished outside the biologically
sustainable limits. The total landing of commercial fishes showed a significant decrease in the 1990s, and
since the trend is horizontal in the last decades (Figure 2).
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Figure 2. Trend in the landing in the Black Sea by year (left), landings by vessel type (right) (data from
FAO (2018))

Habitat losses especially caused by trawl and dredge, limiting the reproduction and foraging areas should
be considered as a side effect as well. Discard is another face of the fishing activity which results in a
decrease in the non-target species populations. The discard rate is reported 10-15 percent of the total catch in
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the Black Sea. The discard rates by the fishing gear are 25-45% for trawl fishery, 15% for small scale
fisheries, 5% for midwater trawl, 1-5% for purse seiners and 11% for sea snail dredge fisheries (FAO 2018).

4. Conclusion

The Black Sea ecosystem is under the pressure from a large variety of sources. Reducing impacts can be only
achieved through strict national and international measures. International organizations such as The
Commission on the Protection of the Black Sea Against Pollution and The General Fisheries Commission for
the Mediterranean have a key role in achieving sustainable management. If we fail to manage this fragile
ecosystem black days for the Black Sea are not so far.
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FROST-RESISTANCE PECULIARITIES OF SOME RARE WOODY
PLANTS SPREAD IN KAKHETI REGION

Nadiradze T.

Summary: Frost-resistance is one of the major factors of adjusting plants to the new environment. The rhythm of the
plant growth and development plays a significant role in frost-resistance. Early completion of the growth enables the
plant to harden against low temperatures and pass into the rest period. The frost-resistance depends strongly on the rest
period, when the plants stops growth processes and prepares for winter, meaning that it transforms supplied food
substances. The accumulation of carbohydrates occurs in all plants though in different patterns. whole this process
leads to the plant frost-resistance. We studied the frost-resistance of some woody plants in Kakheti district (Juglans
nigra L., Quercus alba L., Ginkgo biloba L, Magnolia grandiflora L., M. soulangiana Soul., Eriobotrya japonica
(Thunb.) Lindl., Laurocerasus lusitanica (L.) Roem.). The studies show that the frost-resistance is depended on the
sequence of bio-chemical processes, heritage and temperature regime.

Key words: Frost resistance, starch, sugars, fats.
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SOLID WASTE MANAGEMENT IN BATUMI: PRACTICES AND
CHALLENGES

Dumbadze G., Guchmanidze K., Okropiridze T.

Summary: The aim of the study was to review existing waste management practices at Batumi landfill and to identify
problems, as well as to analyze the composition and quantity of waste and justify their potential recycling prospects in
the future. The study was conducted in spring 2019 and summer using randomly sampled waste material. Waste
composition was studied using the standard testing method developed by the American Society for Testing and
Materials (ASTM) and the amount of solid waste was determined by the method of Gawaiikar and Deshpande.
Investigations identified ten main categories of waste, including organic waste 28.0%, polyethylene / plastic 21.6%,
paper and cardboard 16.2%. Their quantitative differences between spring and summer seasons were revealed. In the
case of plastics, paper and cardboard waste, subcategories, which require their organized collection and allow for
increased processing scale, have also been identified. The surveys allow for the separation and recycling process of
separate waste streams to be planned.

Key words: Solid waste, management.
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O KOPPEJISIIUOHHOM CBA3U TEMITIEPATYPBI 1 OCAJIKOB B
YCIOBUSAX ITTOBAJIBHOI'O ITOTEIIVIEHUA

Jumsdapamsuiau J.111.

Hucmumym sudpomemeoponocuu I py3unckozo mexuuiecko2o Yuusepcumema
Axademus sxonoeuveckux Hayk I pysuu

AnHoTtaums: Ilo nganHbIM HaGmomeHnit okoio 60 MereoctaHrmii ['py3wd cclenoBabl KOPPENSAIMOHHbBIE CBS3H
TeMHepaTprI U O0CaAKOB. KOppeJ'IHLII/IOHHaﬂ CBA3b CyMM 0CaaKoOB OT TeMHepaTypr B OCHOBHOM 0Tp14uaTem)Ha.
KoppensamuoHnHas CBs3b CKOPOCTEH W3MEHCHHUS TEMIICPATypPhl M OCAJKOB B YCIOBHSX TMIOOATBHOTO MOTEIUICHUS B
TEIUIBIA TMEpHUOJ TrojAa OTpULATENIbHA, a B XOJOJIHBIA MEpPUOJ ToAa B OCHOBHOM IMOJIOKHUTENbHA. Y CTaHOBIICHBI
KOX(PPUIMEHTH! KOPPEISIIAN 1 MTOTYyUYCHBI YPaBHEHHSI PETPECCHH.

KiroueBble ¢j10Ba: TemrepaTypa, 0CaaKu, KOPPESIus, r00aabHOe MOTEIIEHHE

BBenenne. YcTaHOBIEHHE CBA3CH MEXIy TEMIEpaTypodl M ocaikaMu mpuoOperaeT ocoboe 3HaueHHE B
ycloBHAX rinodanpHoro norerieHus. Eme bpukuep uccnenys KOppesiMOHHbIE CBA3U MEXAY KOJIeOaHMSIMU
TEMIICpaTypbl U OCAAKOB B 3ananH0171 EBpone, BBIIBUHYJI TIOJIOKCHUC O IMPOTUBOIIOJIOXKXHOCTHU XOJa MEXKIY
3THUMH 3JeMeHTaMu. .BoeiikoB oTMeuan, 4To NoTeIIeHne NPUBOAUT K YMEHBUIEHUIO KOJIMYECTBA OCaAKOB Ha
3HAYNUTENIFHOW 4YacTH TEPPUTOPUH KOHTHHEHTOB. llo3mHee oTpuuarenbHas CBA3b MEXOY TEMIEpaTrypol U
ocaakamMu sl eBponeiickoi Teppuropuu Poccun Oputa oOHapyskeHa J[po310BbIM Y MEHBIIICHUE OCATKOB C
POCTOM TeMIepaTypbl OObSCHIECTCS U3MEHEHHAMH MEPHIUOHAIBHOTO TPaJHeHTa TeMIepaTyphl, KOTOPBIH
OKa3bIBaeT BIMSHUE HA XapakTep aTMOC(HEpHON IUPKYJIISLHUY. .

B Hacrosmee Bpems yCTaHOBJIEHO, YTO IpU [NIOOAIPHOM IOTEIUIEHMH B BBICOKMX ILIUPOTax
OTMEYaeTCs POCT KOJIMYEeCTBA OCAJIKOB, a B HHU3KHUX IIHPOTax-yMEHbIIEHHE OcaakoB I'paHuma pazgena
NPOXOAUT TpuMepHO Ha mmpoTe 55° ceBepHO#f mmpoThL. TakuMm 06pa3oM a ycloBHAX Ipysuu mpu
I7100aJIbHOM MOTEIVICHUH KOJIMYECTBO OCAIKOB JIOJDKHO YMEHBIIATCS. BBINONHEHHBIE HAMU HCCIIEI0BaHUS
MoKaszalli, 4YTo Oyarojapsi 4Ype3BbIYaHO pa3sHooOpazHOW mpupoisl ['py3uu, OTOT Te3WC HE Bcerna
olpaBibIBaeTCs. AHAIOTHYHAs KapTHHA OTMEUaeTcs U B ApYrux pernonax 3emHoro Illapa.
KoppenssunoHHbIe ¢BA3HM MKy TeMIIepPATYPOil M KOJINYECTBOM 0CA/IKOB.

HecmoTpss Ha pa3nuyHbI XapakTep MHOTOJETHETO W3MEHEHHS TEMIIEpaTyphl U OCaAKOB B
Pa3NUYHBIX (U3UKO-TeorpadUUuecKiX YCIOBHUIX [ py3un, KOppesiuoHHAs CBA3b OCAIKOB OT TEMIIEPaTyphl
B OCHOBHOM OTpuIatenbHast (puc.1).
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Puc.1. 3aBucuMocTh KonnuecTBa aTMOC(HEPHBIX 0CaAKOB OT TEMIEPaTyphbl BO3AyXa, COOTBETCTBYIOLIHE
ypaBHEHHMs perpeccuu 1 kodhduimenTs getepmunanuu (R?):

a)-Townucwu, 6)-Aenomnuc Ilkapo, r)-ITotu, n)-Kena. 1-roxa, 2-sHBaph, 3-HI0Jb.

Hecmotps Ha cnalyro KOppesuio U 3HAYNTENbHBIH pa3opoc TOYEK, Mo 3HAYEHUSIM Kod(hdHUIeHTa
JeTepMUHALIMM  MOXHO CYIUTHh O BKJAJEC TEMIIEPaTyphl BO3AyXa B
Hanpumep, B ssHBape X0JI0HBIE BO3AYIIHBIE MacChl, IepeMeIaromuecst Ha Tepputopuu ['py3uu ¢ 3anana, ¢
YepHOro MOps, SBISSCH BIArOHECYIIVMH, MPUHOCAT 3HAYNTEIBHOE KOJIMYECTBO OCAJKOB B OCHOBHOM B
Sanagnoit ['py3un. Cyns mo kodpQuIMeHTaM IeTepMHHAIMHM BKIAQJ TEMIIEpaTypbl B (QOPMHUPOBAHUU
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STHBapCKuX ocaakoB coctaBimsier B Kema-31%, a B Ilotn-16%. Ilepememasice B Boctounoit ['py3un
BO3JYIITHBIC MACCHl TEPSIOT BJIary M KOJUYECTBO OCATKOB YMEHBIIAETCS, YTO WM SBJSETCS MPUIHMHOU
HEKOTOPOro yMeHbiieHus kodddunuenta nerepmunaruu (Touwnucu, denommuc 1lkapo) ¥ COOTBETCTBEHHO
YMEHBIIIEHUS POJIN TeMrieparypsl Bo3ayxa (12-20%). DT onleHKu 3HaYUMBI C HaJIe)KHOCTHIO BhIBo/Ia 0.99.

B wurone BrnusiHME Temmeparypbl Ha (opMHpOBaHWE OCaJKOB B 3amanHoil ['py3um ocnabisercs,
KO3 QULMEHTHI JEeTEePMUHAIIMK PaBHBI HYJII0. B KOHTHHEHTanbHOM ke kinumare Bocrounoit ['pys3umn, riue
CWJIBHO Pa3BUTHl KOHBEKTHBHBIC IIPOLECCHl, YacTO BBINAJAIOT JIMBHEBBIE OCAJKA, YTO BBI3BIBACT
YMEHBIIICHUE TeMIleparypsl. B pe3ynbrare kodddurment aerepmunanun Bodpacraer (0.19-0.23). Takxum
00pa3oM, 3aMMOCBSI3b MEX/y TEMIICPATYPOH BO3yXa M KOJHUUECTBOM OCaJIKOB B Hiojie B Bocrounoii ['py3uun
TaKKe SIBJISICTCS] 3HAYMMOM ¢ HaZeKHOCTHIO BhIBOAA (.99, B TO BpeMsl, KaKk 3T XapaKTEPUCTUKH B 3anagHoON
I'py3uun HeKoppeIupyeMmbl.

Poins cpenneronoBeix Temmneparyp B GOpMHUPOBaHWU TOIOBOTO KOJHYECTBA OCAJIKOB B BocTOWHOI
I'py3un 3naumrenshee (11-13%), yem B 3anmamnoit ['pysum (1o 7%). CBS3b TOAOBBIX CYMM OCaJIKOB C
cpenHeronoBoil Temmneparypoil B Boctounoit ['py3un 3Haumma Takxke ¢ HaAexKHOCThIO BeiBoja 0.99. Ha
CTaHIMAX ke 3anaaHoi [ py3un mim He3HaunMa, Wil 3Ha4uMa ¢ HaJeKHOCThIO BbiBoja 0.95.

3aBUCHMMOCTHL CKOPOCTH H3MEHEHHS OCAJAKOB OT CKOPOCTH H3MEHEHHsl TeMmepaTypbl B
YCJI0BUSIX I100a71bHOTO motemieHusa. Ha puc.2 mpencraBieHsl 3aBUCUMOCTH CKOPOCTH HM3MEHEHUS
0CaJKOB OT CKOPOCTH M3MEHEHHs TEMIIEPaTyphl Ui Pa3INYHBIX WHTEPBaJIOB BPEMEHHOTO OCPEIHEHWS 110
JAHHBIM METEOPOJIOTHIECKUX CTaHIUi 3a mepuod 1936-2015 roapl, a Takke COOTBETCTBYIONIUE YPaBHEHUS
perpeccuu U K03(QPHUIMEHTHI TeTEPMUHAIUH.

fal

v =- - 1u
% 1 y =-8.6377x- 0.62;1 2

R?=0.1761 n
| Tl R?= 0.0867

Puc.2. 3aBucuMocTh CKOpOCTH U3MeHEeHHs ocankoB (% 3a 1eKaay) OT CKOPOCTH U3MEHEHHSI TeMIIepaTyphl
(OC 3a JIeKay) 1Mo JaHHBIM METEOCTAHIIUN, COOTBETCTBYIOIINE YPABHEHUS PETPECCUU B KOADDUITUCHTHI
JeTepMHUHALINU (Rz): 1-rox, 2-X0n0AHBINA NEPUO, 3-TEIUIBIN IEPUOL

W3 puc.2 crnemyer, 4yTO HECMOTpPsS HE HEKOTOPBIN pa3dpOC TOYCK, B3aMMOCBSA3b B H3MCHCHUU
CKOpPOCTEW TeMIIepaTypbl U OCAJIKOB B YCJIOBHUSAX TJIOAIBHOTO IMOTEIJICHHS B OCHOBHOM OTpHIIATENIbHA U
XOpOIIIO TIPOSIBISAETCS B TEIUIBIA TEPHUOJ Tolla M B IIEJIOM 3a roja. Pe3ymbTaThl OIEHKH ITOKAa3aJId, YTO
CKOPOCTh M3MEHEHHUS TOJJOBOM CYMMBI OCAJIKOB U OCaJKOB TEILIOTO MEepHoa Tojla C HAaIeKHOCTHIO BHIBOJA
0.99 3aBUCHUT OT CKOPOCTHM M3MEHEHHS TEMIIEpaTyphl 3a COOTBETCTBYIOIIME HMHTEPBANbl OcpeAHeHUs. [[is
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XOJIOAHOTO IIepHojJia rofia B3aUMOCBSI3b CKOPOCTEH H3MEHEHHs TeMIIepaTypbl MU OCAaJKOB 3HauuMma ¢
HaJIe)KHOCTEIO BeIBOAA 0.95.

[lo manHBIM pHC.2 clemyeT Takxke, 4TO B cpemHeMm 3a rof Ha 40 mereocTaHuuMsIXx U3 58, 4TO
COCTaBIISIET 0KOJI0 69%, npeobiagaeT oTpULATeIbHAS CBA3b MEKAY CKOPOCTHSIMU H3MEHEHUS TEMIIEPATy PhI
1 0CagKoB. B OGONBIIMHCTBE W3 HUX MPHW MOBBIIMIEHWH TEMIIEpaTypbl OCaAKu yMeHbInaoTesa (30 craHumii).
3TO rNaBHBIM 00pa30M METEOCTAaHIMH, PACTIONOKEHHBIE B TIEPEXOJHON OT CyOTPONMUYECKOTO K YMEPEHHOMY
KIMMaTHYecKod 30He (26 craHuMi), HCKIIOYEHHWEM SIBJISIIOTCA HEKOTOPbIE CTAaHLUM  BIAXKHOH
cyoTpornmueckoit knmMmarmdeckord 30HBI (baxmapo, KopbOoymm, Kytamcwm, Ksezanm). I[lo mamabM 8
Meteoposoruueckux crannuii (14%) ¢ yBenmueHneM TeMIepaTypsl OCAAKH TAaKKe YBEIMYUBAIOTCSA. B aToi
Ipymniie UMEIOTCS B OAWHHUAKOBOM KOJHMYECTBE CTAHLMH, PACIOJIOKCHHBIE BO BIAKHOW CYbTPONHMYECKOMH
30HE. TAK)KE B IIEPEXOIHON OT CyOTPOIMUYECKOI0 K YMEPEHHOMY KJIMMAaTHYECKOW 30HE, B TOM YHCIIE B CyXOH
KOHTHHEHTaIbHOH noa30He. Ha octanpupix 20 cTaHIVSIX TemrepaTypa Bo3ayXa yMeHblnaercs, Ha 10 u3 Hux
(17%) ocanku Bo3pacTatoT. Bce oHM pacnonokeHbl BO BIaKHOH CyOTpONMUYECKON KIuMaTudeckoi 3oHe. Ha
octaibHBIX 10 CTaHOMSIX C yMCHBIIEHHEM TEMIIEpaTyphl OCAAKH TaKXKe yMEHbIIaloTca. B sty rpymnmy
MIOPOBHY BXOIAT CTaHIWH M3 OOOMX KIMMAaTHYECKHMX 30H, B OCOOEHHOCTH W3 CYXOW KIMMAaTHYECKON
MIO/I30HBI.

AHanoruyHasi CUTyalusi OTMe4aeTcsl B TeIJIblil meproA roja. B XonoaHbli nepuos roaa mno JaHHBIM
OOJIBIIMHCTBA CTAHLMH NPeo0IIagaeT MOJIOKUTEIbHAS CBSI3b.
3akaouenue. KoppensmuonHas cBsi3b CYMM OCaJIKOB OT TeMIIEpaTyphl B OCHOBHOM OTpPHIIATENIbHA, XOTS B
OTAENBHBIX CIIy4asX B OCHOBHOM B 3amagHod ['py3um JeTOM 3TH XapaKTEPUCTUKHA HEKOPPEIHPYEMBI.
B3anMocBsA3b CKOPOCTEH M3MEHEHHUsI TEMIIEPAaTyphl U OCAIKOB B YCIOBHSX INIOOATBHOIO MOTEIUICHHUS TAKXKe
B OCHOBHOM OTpHIIATENbHA, OJHAKO XOPOIIO MPOSBISETCS JHIIb B TETUIBIHA IIEPHO rojla ¥ B IIeJIoM 3a rojl. B
XOJIOZHBIN TIEPHOJI TO/1a JKE MPe00IaiaeT MOJOKHUTEIbHAS CBS3b.

ON THE CORRELATION OF TEMPERATURE AND PRECIPITATION IN CONDITIONS
OF GLOBAL WARMING

Elizbarashvili E.Sh.

Summary: according to observations of about 60 weather stations in Georgia, the correlation relationships of temperature
and precipitation are traced. The correlation between precipitation and temperature is mostly negative. The correlation
between the rates of temperature and precipitation changes under conditions of global warming in the warm season is
negative, and in the cold season it is mostly positive. Correlation coefficients are established and regression equations are
obtained.

Keywords: temperature, precipitation, correlation, global warming.
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MEOOBMWo  MLIBODBM  2ob30msMgdol  9HM-gMmm  doMoMoE  5TM3BL  LogoMmzgwml
695¢0Md5d0 FoMdmoygbl J3gybols 39693030 o69dml Jgbs®mBMbgds, (3569 BoMIGrMEJdOLS o
Bmbgdol LEHMIGIA00 b530MHYIOL FoMTMBIbs goblioz MMM M93MYo30E S LogMOMOE™
bmbsdo. msbsdgdmgg 39MHomdo Lsdgabogmm-3gdbozmemo 3HmaMgbol mbby, z0msMgds
GOobL3MOGHO s FoOdmgds, 0bgMHaqds  bowwo  BHgdbmwmyogdo, 0BOEYds  dbydGmo3
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THE MAIN FACTORS OF AIR POLLUTION ON THE COAST OF BATUMI
AND KOBULETI

Tabatadze T., Baratashvili D., Lomtatidze N., Qedelidze N., Nakashidze I.

Summary: In the modern era, in the light of scientific and technological progress, transport and production are
developing, new technologies are being introduced, the demand for natural resources is growing, which leads to a
deterioration of the biosphere. It should be noted that in recent years, air pollution with exhaust gases containing various
toxic compounds and threatening human health is of paramount importance.

The study showed that The following pollutants in ambient air were exceeded in ambient air near Batumi Airport
by the following pollutants: dust and sulfur dioxide. The following pollutants were exceeded in the ambient air on
Mayakovsky Street in Batumi by the following pollutants: dust, nitrogen dioxide, sulfur dioxide.

The environmental condition in Kobuleti is not significantly different from the data in Batumi, and in the area adjacent
to the terminal, the maximum concentration of dust was observed.

Air pollution on the coast of Batumi and Kobuleti is one of the priority environmental problems in the transport
sector, and appropriate measures are needed to solve it.

Key words: Air pollution, dust, nitrogen dioxide, sulfur dioxide.
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CLIMATE CHANGE AND PLANT ADAPTATION
Goginashvili N., Berdzenishvili N.

Summary: One of the dangerous phenomena of the modernity is the global increase of the temperature. In the 20™
century, the surface temperature of the Earth increased approximately by 0.6°C. The reason is the development of
industrialization, which caused greenhouse effect by the rose of thermoactive gases, especially the concentration of
CO,. The composition of CO, has increased by 10% for the last 100 years. If we keep the same rate of petrol
consumption, then, in 50-60 years, the amount of CO, in the atmosphere will double and cause global climate change.
The last will result in complex, global problems: desertification will increase, climate zones will change, due to the
melting of glaciers ocean level will rise, which will result in flooding the countries close to the ocean, the movement of
ecosystems and impoverishment of biodiversity will take place and photosynthetic activity will decline. It is obvious
that thousands of plants will have to change the habitat. Currently, it is impossible to define how many plants will adapt
to new conditions, and how many will die. It is necessary that the human understand the effects of the change of nature
phenomena on living organisms.

Key words: Climate change, plant adaptation.
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BLACK SEA SEISMIC EVENTS AND THEIR GEOLOGICAL
ENVIRONMENTAL ANALYSIS

Alpenidze M., Karchava G., Esebua E., Petriashvili E.

Summary: Considering the following issues: the geodynamic parameters of the Black Sea Basin, relief status,
tendency to development, prediction, assimilation and protection conservation;

There is fixated Geo-ecological effects of planetary seismic events, particularly negative effects on the Black Sea region
Caucasus and Georgian sector,

There is developed: Liquidation engineering measures for the negative effects of environmental impact caused by
expected seismic events.

Key words: Seismic events, geology.
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ECOLOGICAL EVALUATION OF LOPOTA RIVER AND ITS
ASSESSMENT

Davitashvili M., Margalitashvili D.

Summary: The article provides the ecological evaluation of Lopota river and its assessment. The microbiological
and chemical research was carried out. Taking of water alloys occurred with the protection all necessary normative
documents. The outcomes of the research showed that the ecological condition of the river is satisfactory. The given
results gives the opportunity to consider that the river Lopota, as the water supply, can be successfully used for Lopota
artificial lake as the water provision system.

Key words: Lopota river, water condition.
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THE NEGATIVE IMPACT OF WASTE ON THE ENVIRONMENT
Khvedelidze L.

Summary: The article addresses one of the most pressing environmental issues, such as waste and landfills. Waste is
a serious threat to our livelihoods. Their quantity and content are characterized by an upward trend, which negatively
affects the environmental situation. It must be disposed of or recycled, which will significantly improve the ecological
state of the environment.
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ECOLOGICAL STATUS OF LANDSCAPES OF ADJARA A. R. AND

MEASURES FOR THEIR GEOECOLOGICAL IMPROVEMENT
Phagava N., Kamadadze Ts., Chichileishvili Kh.

Summary: The strong anthropogenic load on the natural complexes in the already difficult relief and climatic
conditions of Adjara has caused disturbance of geo-ecological equilibrium and strong transformation of natural
landscapes, which caused landslides, snowstorms, mudslides, soil erosion and others. These processes occur both in
coastal and inland mountainous Adjara. 177 villages have been flooded in Adjara and 51 are in the landslide zone. Also,
in Kobuleti and Khelvachauri regions some families changed their place of residence. Occasionally, there is a soil
falling on the slope (Kobuleti region, village Chaisubani), causing houses to collapse.

The main factors causing landslide processes need to be identified: the causes (rock movement, their stability due to
equilibrium disturbance) and the contributing conditions (the set of events that contribute to the equilibrium
disturbance).

After doing all of the above, we hope that in Adjara, ecosystems can be protected from degradation and contamination
on the mountains and other massifs and the land resources can be utilized for agricultural purposes.

Key words: Landscapes, geoecology.
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LABORATORY TESTING OF EARLY WARNING SYSTEM OF
LANDSLIDES, BASED ON THE PRINCIPLE OF ACOUSTIC EMISSION

Varamashvili N., Chelidze T., Chelidze Z.

Summary: During various processes, acoustic waves are generated in a number of cases. In some cases, by analyzing
acoustic waves, important conclusions can be drawn about the event in question. Active or passive acoustic methods
can be used to study the environment, buildings, etc., without damaging them. Our article discusses the possibility of
using acoustic methods for monitoring and predicting landslide processes. This method allows you to create a system of
monitoring landslides and early warning at low cost. The article presents the device we created based on this method.

Key words: acoustics, landslide, lamb waves.
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THE ABILITY TO PRESERVE THE ENVIRONMENT DURING ROAD
CONSTRUCTION

Baratashvili M.

Summary: Factors that worsen the stability of the environment during road construction are considered. Identified
the main factors that determine the scale of the decrease in environmental stability, important points of environmental
impact during the construction of roads. the degree of environmental impact is determined. as well as ways to reduce
this impact. The risks of open landscape in the area of the highway corridor are assessed. processing open pits of inert
materials is considered as a factor in reducing the equilibrium in the environment among.

Key words: Road construction, ecology.
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HISTORY OF ACTIVE ACTIONS ON THE NATURAL PHENOMENA IN
GEORGIA

Amiranashvili A., Kveselava N., Ghlonti N, Chikhladze V., Tsintsadze T.

Summary: In the article historical material about the works in the field of physics of the atmosphere and the active
actions on the natural processes in Georgia is given. Specific information about theoretical and practical works on the
periods carried out in this sphere is also given.

Key words: weather modification.
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Summary: Some results of anti-hail works in Kakheti into 2016-2019 are presented. Period of observation:
April-October, 2016-2019. The area of shielded from the hail territory - 800000 hectares, including total area of
agricultural land - 565000 hectares. In particular, the mean annual values of some characteristics of hail processes and
parameters of active action on them are following: number of days with the action on the hail processes — 46; number
of clouds, subjected to action — 204; number of clouds, which gave hail damage — 16; quantity of the used rockets —
3176; area of the territories, damaged to 100% - 3069 hectares. In the investigated period of time most frequently they
were observed the hail clouds of the third category (44% of cases), most rarely - clouds of first k category (6.7% of
cases). The clouds of the fourth category were observed into 8.7 % of cases.

Key words: Weather modification.
Introduction

Kakheti is one of the hail-dangerous regions of the Georgia and world [1-4]. In 1967-1989 here was
conducted the production work on the protection from the hail [5, 6], which were renewed in 2015 [7-9].

Anti-hail service is equipped with contemporary radar technology and means of action on the clouds
[9-11]. Some results of the works of this service into 2016-2019 are represented below.

Study area, material and methods

Study area — Kakheti region of Georgia. Data of Anti-hail service of Georgia are used. Period of
observation: April-October, 2016-2019. The area of shielded from the hail territory - 800000 hectares,
including total area of agricultural land - 565000 hectares.

The categories of clouds (objects of action) in the correspondence with [3] were determined.

For the data analysis the standard statistical methods are used. The following designations will be
used below: Mean — average values; R? — coefficient of determination; 99% Low and 99% Upp — 99%
confidence interval of lower and upper calculated level accordingly; D, — maximum diameter of hailstone in
clouds, Hy, - the maximum altitude of the radio echo of hail clouds.

Results and discussion

Results in table 1 and fig. 1-4 are presented.
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Fig. 1. Repetition of category of hail clouds in Kakheti in 2016-2019.

As it follows from fig. 1 in the investigated period of time most frequently they were observed the
hail clouds of the third category (44% of cases), most rarely - clouds of first k category (6.7% of cases). The
clouds of the fourth category were observed into 8.7 % of cases.
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Fig. 2. Mean maximum altitude of the radio echo of clouds depending on their category.

With an increase in the category of cloud the value of the maximum altitude of their radio echo
increases (fig. 2). Mean value of H, changes from 9.8+0.8 km for the clouds of the first category to
12.940.7 km for the clouds of the fourth category.
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Fig. 3. Mean maximum diameter of hailstones in the clouds of different category.
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It is analogous for the maximum size of hail stones (fig. 3). Mean value of D, changes from 3+4
mm for the clouds of the first category to 32+38 mm for the clouds of the fourth category.
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Fig. 4. Dependences of mean values of D, on mean values of Hy,.

Dependences of mean values of D, on mean values of Hy, has the form of the third power polynomial
(fig.4).

Table 1. Characteristics of hail processes and parameters of active action on them in Kakheti into 2016-2019.

Parameter/Y ear 2016 2017 2018 2019 Mean
Number of days with the action on the hail 35 56 40 53 46
Number of clouds, subjected to action 168 274 200 174 204
Number of clouds, which gave hail damage 15 17 14 18 16
Quantity of clouds to 100000 hectares 21 34 25 22 26
Quantity of the used rockets 1262 3790 3227 4426 3176
Quantity of rockets to one cloud 8 14 16 25 16
Quantity of rockets to 100000 hectares 158 474 403 553 397
Number of days with the hail, which gave 14 14 11 10 12
Total area of the damaged territories 8468 8924 4360 6828 7145
Area of the territories, damaged to 100% 4039 3508 2039 2690 3069

In table 1 data about characteristics of hail processes and parameters of active action on them in
Kakheti into 2016-2019 are presented.

In particular, as it follows from this table, the mean annual values of some characteristics of hail
processes and parameters of active action on them are following: number of days with the action on the hail
processes — 46; number of clouds, subjected to action — 204; number of clouds, which gave hail damage —
16; quantity of the used rockets — 3176; area of the territories, damaged to 100% - 3069 hectares.

Finally let us note that the physical effectiveness of action on the hail clouds in Kakheti into 2016-
2019 composed 90-94%. Economic effectiveness (cost of the rescued harvest) composed at least 28 million
GEL [12].

Conclusion

The comparative analysis of results of the work of anti-hail service in Kakheti with other analogous
services of different countries in the near future will be carried out.
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CONTEMPORARY ANTI-HAIL ROCKETS

Sauri I., Shavlakadze Sh., Chikhladze V.

Summary: The brief description of the rocket technology of fight with the hail, its initial development stage to
Georgia, positive sides of the rockets "Alazani" is given. Several families of those created in XXI the century of anti-
hail rockets are examined, the photograph of several of them, diagram of one of them, and also flight trajectories of one
of the contemporary rockets are presented. Last open information about the parameters of contemporary anti-hail
rockets also is given.

Key words: hail, anti-hail rockets.
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19HY3oLMb  dOIMol  F9ga00  doMHOMOEIO 3960LsBEOZMYds  odmygbgdmwo
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dbOwmE  HBrmsmbodbmmwo m3gmoEogdols 53¢MIs@0boE00m. MOlv3306M39w0s, gl Bs3dom
Mo s d30M5EO0MGIMo  3OMEJL0S, FogMsd ToLomfgz0s. FglodwgdgEros OHMYMO3
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AUTOMATED SYSTEMS OF FIGHT WITH THE HAIL

Kereselidze R., Sauri 1., Shavlakadze Sh., Chalabashvili U., Chikhladze V.

Summary: Brief description of the automated anti-hail systems created in the different countries or separate
elements of systems is given. The photographs of the automated anti-hail rocket guns, used in the automated anti-hail
systems are given.
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Summary: Results of the preliminary analysis of the hail process on July 13, 2019, which was observed above the
territory of Georgia, Armenia and Azerbaijan with 17 hour of 30 min to 21 hours of 31 min (in all - 11 hail clouds) are
represented. This hail process was moved approximately in the direction of the main flow and was stretched almost on
250 km. In particular it is obtained that in the separate clouds the max diameter of hailstones varied from 3.2 to 38.1
mm, and on the average - from 10.5 to 24.1 mm.

Key words: Radar monitoring, dangerous meteorological processes, hail.

Introduction

In recent years in a number of works were represented the preliminary results of radar studies of
rainfall [1-4], dust formation migration [5, 6] and hail processes [7-11] in Eastern Georgia and its
neighboring countries (Azerbaijan, Armenia). In particular, in the works [10, 11] data about the hail process
in Tbilisi, Kakheti and the territory of Azerbaijan on May 28, 2019 were presented. This work is the
continuation of the indicated series of the experiments. Some data about the hail process, which occurred in
Georgia, Armenia and Azerbaijan on July 13, 2019, are represented below.

Material and methods

The Anti-hail service is equipped with contemporary C-band, dual polarized Doppler meteorological
radar “METEOR 735 CDP 10 - Doppler Weather Radar”, which is installed in the village Chotori (1090 m
height from sea level) of the Signagi municipality of the Kakheti region of Georgia [12]. In this work two
radar products are presented, MAX (dBZ) and HAILSZ (Size) [13, 14].
Study regions: Georgia — Kakheti; Armenia — areas of Stepanavan and Noyemberyan; Azerbaijan —
areas to the north and the west from the boundary with Georgia. Date and time of the study: July 13, 2019
from 17 hour 30 min to 21 hour 31 min (below - 17:30 [hour: min], etc., or 17.50 [hour. portion of the hour],
etc.). Discreteness of radar measurements - every three minutes.
Accordingly, every three minutes the maximum hailstones diameter D, (mm) in clouds and
coordinates of the convective cells with the maximum size of hailstones were determined.
The following designations of statistical information are used below:
Min — minimal values; Max - maximal values; St Dev - standard deviation; Cv = 100-St Dev/ Mean —
coefficient of variation, %; om — standard error; 99%(+/-) - 99% upper and lower levels of the confidence
interval of average; Count - the number of measurements.
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Results and discussion

Results in the fig. 1-7 and table 1 clearly are presented.
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Fig.1(a-e). Radar picture of the movement of hail process above the investigated territory on 18:07 (a), 18:35
(b), 20:10 (c), 20:32 (d) and 21:31(e).
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Fig.2. Convective cells with the maximum diameter of hailstones trajectory about the investigated territory
from 17:30 to 21:31
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Fig.3. Changeability in the time of Do in the clouds from 17.50 to 21.52 hour (in the upper part of the figure
- number of convective cells).
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On July 13, 2019 from 17:30 through 21:31 hail clouds were observed above the territory of
Georgia (Kakheti) and the near-boundary to it territories of Armenia and Azerbaijan (fig. 1,2). In all in this
time were fixed 11 hail clouds (convective cells). In fig. 1(a-e) for the illustration the radar pictures of the
hail processes above the investigated territory at the separate moments of time are represented. Fig. 2 depicts
the generalized picture of the distribution of convective cells with the maximum size of the hailstones above
the investigated territory. In particular, as it follows from fig. 2, the hail process on July 13, 2019 was
moved approximately in the direction of the main flow and was stretched almost on 250 km.

Table 1. Statistical characteristics of Do in clouds in Georgia, Armenia and Azerbaijan on July 13, 2019.

Cloud Hour Min Max Mean StDev Cy,% Om 99%(+/-) Count
1 17:30-18:56 3.2 25.5 16.6 6.5 38.8 1.2 3.1 29
2 18:32-19:52 7.4 26.4 16.8 5.3 31.8 1.0 2.6 27
3 18:44-19:15 9.3 274 17.4 5.1 29.2 1.5 4.0 11
4 19:24-19:37 12.6 38.1 24.0 10.6 44.0 53 13.6 5
5 19:27-19:55 7.0 14.5 10.5 2.6 24.4 0.8 2.1 10
6 19:43-20:17 6.6 23.7 16.4 5.0 30.6 1.5 3.7 12
7 19:43-20:17 8.8 24.6 17.2 5.2 29.9 1.5 3.8 12
8 19:55-20:14 11.5 18.0 14.9 2.2 14.9 0.9 2.3 7
9 19:55-20:44 11.5 33.6 19.6 6.8 34.7 1.7 4.3 17
10 19:30-21:12 7.0 38.1 24.1 9.5 394 1.6 4.2 34
11 21:15-21:31 7.4 25.5 16.4 6.4 39.1 2.9 7.4 6

1-11 17:30-21:31 3.2 38.1 18.3 7.5 40.8 0.6 1.5 170

Fig. 3 and table 1 present the data about the maximum sizes of hailstones into all 11 convective cells.
Fig. 4-6 depicts the pictures of the location of each convective cell during its existence. As it follows from
fig. 3 and table 1 value of Do varied from 3.2 mm (cloud N 1) to 38.1 mm (cloud N 4 and 10). Mean values
of Do varied from 10.5 mm (cloud N 5) to 24.1 mm (cloud N 10).

Cloud N 1 was moved near the border of the Georgia with Armenia and Azerbaijan, and more lately
it passed to the territory of Kakheti (Georgia). Range of Do: 3.2-25.5 mm, on the average - 16.6 mm (fig.
3,4; table 1). Cloud N 2 was moved only above the territory of Kakheti. Range of Do: 7.4-26.4 mm, on
the average - 16.8 mm (fig. 3,5; table 1). Clouds N 3-5 were moved above the territory of Kakheti. Range of
Do: 7.0 -3 8.1 mm, on the average - 10.5-24.0 mm; cloud N 6 from the territory of Kakheti moved for the
territory of Azerbaijan. Range of Do: 6.6-23.7 mm, on the average - 16.4 mm (Fig. 3,6; table 1).

Clouds N 7 and 8 were moved from the territory of Kakheti to the territory of Azerbaijan. Cloud N 9
was moved above the territory of Azerbaijan. Range of Do: 8.8 -33.6 mm, on the average - 14.9-19.6 mm.
cloud N 10 from the territory of Armenia moved for the territory of Azerbaijan. Range of Do: 7.0-38.1 mm,
on the average - 24.1 mm. cloud N 11 was moved above the territory of Kakheti. Range of Do: 7.4-25.5
mm, on the average - 16.4 mm (fig. 3,7; table 1).
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Conclusion

All clouds, which are located above the territory of Kakheti, were subjected to action by anti-hail
rockets. The analysis of the dynamics of development and decay of the subjected and not subjected to action
hail clouds (territory of Kakheti, Armenia and Azerbaijan, respectively) will be represented in the subsequent
works.
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Summary: Results of analysis of the data of radar, aerological and ground-based measurements of the storm wind in
Thilisi and Rustavi cities, which was observed on September 21, 2019, are represented. In particular, it is obtained that
the data of radar observation about wind speed at the level 2.0 km above Tbilisi are in the satisfactory agreement with
the data of ground-based measurements. Data of radiosonde for the same height show the substantially decreased
values of wind speed.

Key words: Dangerous meteorological processes, wind, radar monitoring.

Introduction

In recent years in a number of works were represented the results of radar studies of some
atmospheric phenomena in Eastern Georgia and its neighboring countries (Azerbaijan, Armenia): hail
processes [1-5], rainfall [6-8], dust formation migration [9, 10], etc. [11]. This work is the continuation of
the indicated series of the experiments. Some results of analysis of the data of radar, aerological and ground-
based measurements of the storm wind in Tbilisi and Rustavi cities, which was observed on September 21,
2019, are represented below.

Study area, data description

The Anti-hail service is equipped with contemporary C-band, dual polarized Doppler meteorological
radar “METEOR 735 CDP 10 - Doppler Weather Radar”, which is installed in the village Chotori (1090 m
height from sea level) of the Signagi municipality of the Kakheti region of Georgia [12]. In this work two
radar products are presented, HWIND(V) and MAX(V) [13, 14].

For determination the wind regime in the free atmosphere above the investigating territory the
resources of http://ready.arl.noaa.gov/READYcmet.php were used. For determining the wind regime on the
earth's  surface in  Tbilisi city and  Tbilisi  airport  resources of rp5S.ru  and
http://www.pogodaiklimat.ru/archive.php?id=ru&region=07 were used.

Study area: Tbilisi and Rustavi cities. Date and time of the study: September 21, 2019 (01 hour 00
min) to September 23, 2019 (01 hour 00 min). Below - 17:30 [hour: min].

Results and discussion
Results in the fig. 1-5 are presented.

In fig. 1 data about mean and max values of wind speed in Tbilisi airport and Tbilisi city from
21.09.2019 01:00 to 23.09.2019 _01:00 are presented.
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Fig.1. Mean and max values of wind speed in Tbilisi airport and Tbilisi city from 21.09.2019 01:00 to
23.09.2019 01:00.

As follows from this figure the greatest values of the mean and max wind speeds on 21 September
from 14:00 to 19:30 were observed. Thus, mean wind speed in the airport changed from 16 to 20 m/sec, max
- from 22 to 27 m/sec (according to the data of the measurements of every 30 minutes). In Tbilisi city mean
wind speed changed in the limits of 16-17 m/sec (according to three-hour data).
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Fig.2. Vertical distribution of wind speed in free atmosphere over Tbilisi on 21.09.2019 in 19:00.
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Fig.3. Radar picture of the wind speed at the level 2.0 km above Eastern Georgia [Radar product
HWIND(V)].
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As follows from fig. 3, wind speed above Thbilisi at the level 2.0 km - to 21 m/sec. Average wind
speed on the earth's surface - 16-19 m/sec, maximum - to 26 m/sec (fig. 1). According to the data of
radiosonde (fig. 2) at this height wind speed is equal to 10 m/sec.
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Fig.4. Radar picture of vertical distribution of wind speed in the layer 2.0-10.0 km above Eastern Georgia
[Radar product MAX(V)].

In the layer of the atmosphere from 2.0 to 10 km average wind speed according to radar surveillance
is 18-26 m/sec (fig. 4). According to the data of aerological radio sounding in the same layer of the
atmosphere average wind speed is approximately 27 m/sec (fig. 2).

Fig.5. Results of storm wind in Tbilisi on 21 September 2019.
[https://ria-m.tv/news/165803/v tbilisi uragan sorval kryishi s desyatkov _domov.html]

Storm wind came in flocks trees, tore away roofs from the houses, damaged electric power line in
Thilisi and in Rustavi city. The public television of Georgia reported that two people suffered. In Rustavi
city the wind tore away roofs from 15 houses, the pulled out with the root long-standing trees damaged
electric power line, automobiles, while in several places they overlapped the motion of transport. Photos
about some negative results of storm wind in Tbilisi in fig. 5 are presented.

Conclusion

The data of radar observation about wind speed at the level 2.0 km above Tbilisi are in the
satisfactory agreement with the data of ground-based measurements. Data of radiosonde for the same height
show the substantially decreased values of wind speed. Subsequently we are intended to continue the given
above studies for the purpose of the development of the representativeness of radar data for evaluating the
storm wind on the earth's surface.
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Summary: The analysis of the data of the Georgian Environment Agency on the incidents of hail in Kakheti
(Georgia) and damage from them in 2014-2018 is presented. The greatest number of days with hail for the indicated
five years was recorded in municipality of Telavi (17 days with hail, 38 locations subjected to hail), the smallest - in
municipality of Dedoplistskaro (2 day with hail, 2 locations subjected to hail). A map of hail cases has been built.

Key Words: Hail storm, dangerous meteorological phenomena, geoinformation map

Introduction

Hailstorm is one of the most common meteorological phenomena. Often its manifestation is
catastrophic and causes an emergency. In such cases, hail can cause significant damage to the economy,
especially in agriculture, partially destroying, and sometimes completely, crops, vineyards, annual and
perennial plants, destroying poultry and animals, damaging infrastructure and transport in the disaster area,
threatening the health of people.

In Georgia, especially in the Kakheti region, the study of the climatic characteristics of the hailstorm
is very important to prevent adverse events. Numerous literature is devoted to the problem of hail in Georgia,
research in this direction covers a wide range of issues, including numerous articles devoted to the study of
the climatology of hail[1-14].

One of the most important characteristics of hail is the number of hail days. The distribution of the
number of hail days in the Kakheti region largely depends on the physical and geographical conditions of the
region, especially its orography. Mountains, plateaus, and highlands have a great influence on the
development of complex meteorological and convective processes. In mountainous and alpine regions,
turbulence in the surface air layers increases when resistance is overcome, and convective cloudiness
increases, which affects the distribution of the number of hail days.

Results

Based on the materials available to us, on the hail and the damage it caused, which covers 2014—
2018, a table was compiled (Table 1.), which shows data on the damage caused by hail for the Kakheti
region of Georgia. It also indicates the number of hail days, and locations subjected to hail, duration, grain
diameter, damage process and affected municipalities.

Analysis of Table 1. shows that hail processes in 2014-2018 were significantly active in the Kakheti
region, especially in municipalities of Telavi and Gurjaani (17 and16 days), where hail was observed in all
territories these regions. It was also shown that hail is more common and destructive during the Western
processes. Eastern and Intramass processes were relatively less destructive shown.

This trend of the hail is not new and was mentioned in some literary sources and scientific articles,
including in our studies [4-8]. It should also be noted that the damage caused by hail in the Kakheti region
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over the past five years has reached tens of millions of dollars, which is a huge loss for the Georgian
economy [3].

Table 1. Hail Damage in Kakheti Region of Georgia (2014-2018).

Municipa Number Dura Grain
o of days Damage . Process .
lities (locations) tion diameter
The hail damaged plots of land, plants, and Western
vegetables, poultry destroyed, the gorge of the village ocess -
was flooded by heavy rains that flood the first floor vfin d speed
of several houses. 100 hectares of vineyards in the p
. . . 23 m/s;
village of Napareuli were damaged; Vineyards and | 10-20
. 17 . Eastern
Telavi 38 nearly 50 percent of the crop were flooded and | min. ocess: (8-15)
(38) destroyed. The hail was accompanied by strong Iﬁtramas’s mm
winds that knocked down trees on the Telavi- rocess:
Napareuli highway; The villages of Shalauri, anvec ti;)n
Vardisubani, Kurdgelauri 70% of the vineyards were rOcesS
destroyed. p ’
Western
In the wvillages of Akhshani, Kistauri, Zemo process;
Khodasheni, Chabinaani, hail caused damage to 80% Eastern
Akhmeta 7 of vineyards and arable land; The hail struck the 20 process -
(20) villages of Kistauri, Khorkheli, Akhshani, Matani, | min. wind speed
most of the vineyards and annual crops were almost 20 m/s;
destroyed. Intramass
process.
The hail destroyed an annual and perennial crop Western
planted on an area of more than 500 hectares in process;
Velistsikhe, a natural disaster destroyed almost 80% Eastern
16 of the crop. In the village of Chalaubani, up to 150 | 10-30 process;

Gurjaani (43) hectares were damaged, and in the villages of Darketi | min. Intramass (7-20)
and Naniani, the hail destroyed a crop of strawberries process; mm
and vegetables; Approximately 550 hectares of Convection
vineyards and orchards in some villages are 100% process.
destroyed.

The hail damaged 400 hectares of vineyards, flooded Eastern
the fields; The village of Chikaani destroyed dozens ocess:
of hectares of vineyards, watermelon and melon Iiuamas’s
Kvareli 10 orchards. Houses were damaged, vineyards were | 5-30 rocess: 20
(20) damaged, birds were killed. 1,500 - 2,000 hectares of | min. anvec tiz)n m
vineyards were 100% destroyed. Besides vineyards, ocess
hail also destroyed corn, sunflower, and watermelon P ’
plants.
. The hail damaged the vine; Village In Arboshik 10 8 Convection 6
Dedoplists 2 . o .
Karo @) hectares of vineyards were damaged, the hail hit the | min. process mm
fields.
The hail was accompanied by heavy rainfall (20 | 5-10
. 5 . . . . Intramass
Lagodekhi 14 mm); Gardens and vineyards in the villages of | min. rocess 20
(14) Chaduniani and Sakobo were destroyed. P mm
In the villages of Kandaura and Badiauri, hail and
storms damaged vineyards on 40 hectares,
watermelon gardens and tomato plants, the degree of
. . . Eastern
7 damage in some places is 80-90%; In the village of | 20
. 1 L . . process; 8
Sagarejo 13 Didi Chalauri villages, annual and perennial crops | min. Intramass mm
(13) were damaged, and up to 300 hectares of vineyards process

were destroyed by 80%; Hail equal to hazelnuts came
to the village of Giorgitsminda, arable land was
destroyed.

177




In the village of Kvemo Bodbe, about 15 families lost
80% of their 50 hectares of vineyards; Over 1200

6 hectares of vineyards were damaged, fruit orchards | 5-30 EZ?:Q
Sighnaghi (13) and orchards in some villages were 100% destroyed; | min. anvectiZ)n
The villages of Jugaani, Tibaani and Bodbiskhevi process

were flooded, and 70-80% of the vegetables and
vineyards were destroyed.

Table 1. also shows that the duration of hail in the Kakheti region lasts from 5 to 30 minutes, and the

diameter of hailstones is in the range of 6-20 mm.

According to Table 1. and based on statistical data for 2014-2018, we have prepared a
geoinformation map of the hail on the territory for the Kakheti region(fig.1.). The map shows all the
locations in the Kakheti region where the hailstorms took place for the study period.

Hail in Kakheti
(2014 2018)

F. Hailstorm L ocations

@ Monidpality center

Fig. 1. Hail According to 2014-2018 Data in Kakheti (Georgia)

Fig. 1. also shows that the hail very damages the Kakheti region especially causes damage to the
municipalities of Telavi, Gurjaani, and Kvareli. The smallest damages hail is observed in the municipality of
Dedoflistskaro.

Over the five years(2014-2018), the number of hail days in Kakheti was 50, which was recorded in
163 locations in the region, this is the highest indicator hail in Georgia. The lowest indicator hail is in the
municipality of Dedoflistskaro, where the number of hail days is 2 in 2 locations During the study period.

Conclusion
The study shows that hail in the Kakheti region has been a frequent occurrence in recent years,

which has caused significant damage to the agrarian sector of the region.
The hail in the Kakheti region is characterized by a duration of 30 min, and the largest diameter the

hail grain reaches 20 mm.
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Summary: The analysis of the data of the Georgian Environment Agency on the incidents of heavy rainfall, floods
and floodings in Kakheti (Georgia) and damage from them in 2014-2018 is presented. The greatest number of days with
heavy rainfall, floods and floodings for the indicated five years was recorded in municipality of Lagodekhi (10 day), the
smallest - in municipality of Sighnaghi (2 day). And in Dedoplistskaro municipality in 2014-2018 no incidents were
reported. A map of these cases has been built.

Key Words: Heavy rainfall, floods, floodings, dangerous meteorological phenomena, geoinformation map.

Introduction

The atmospheric precipitation regime is one of the most important climate-forming factors that have
a significant impact on the ecological situation of the area, agriculture and other areas of the economy. Often
their manifestation is catastrophic and causes an emergency. In such cases, precipitation, as well as the
accompanying floods and floodingss, can cause significant damage to the economy, especially in agriculture,
can destroy the animal world, threaten the lives of people, etc. [1-4].

Therefore, in Georgia, as in other countries, special attention has always been paid to the study of
precipitation patterns [1-4]. Due to climate change, interest in these studies has especially increased in recent
decades, both for the whole territory of Georgia and for its individual regions [5-10].

In particular, in the work [7] the statistical analysis of data on monthly and seasonal values of
precipitation in Tbilisi from 1844 to 2018 was carried out. Comparison of monthly and seasonal mean values
of air precipitations in two thirty years of time (1844-1873 and 1989-2018) was carried out. It was found that
their growth is observed in October and November, and a decrease in July and September. In the work [10] it
is shown, that in Kutaisi in last years the repeatability of the days with precipitations of 30 millimeters are
somehow elevated.

In Kakheti, one of the leading agricultural regions of Georgia, in period from 1956 to 2015 in
various months of the year at different six points of observations the variability of precipitation is quite
heterogeneous. So, in 1986-2015, compared with 1956-1985, the regime of precipitations in warm season of
year changed as follows: in Telavi, in the second period of time compared to the first, the monthly
precipitation decreased in June and July; in Sagarejo — a decrease in precipitation from June to August; in
Gurjaani and Dedoplstskaro — a decrease in rainfall in June [8]. In Tianeti (several tens km from Kakheti) for
the same period of time from May to September, negative linear trends of monthly sum of precipitation are
observed [9].

Note that since 2015, the anti-hail system has been operating in Kakheti and it is planned to expand
it to other regions of Georgia. It is also planned to carry out other work on weather modification (regulation
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of precipitation, etc.). Therefore, the results of these studies [8,9] will be useful for planning these works
[11]. It is also planned to use the anti-hail service radar for monitoring and forecasting intense precipitation
that creates dangerous hydrometeorological and geophysical phenomena (floods, floodings, landslides, etc.).
In particular, in paper [12] according to data 2016-2018 provides a map of points with recurring floods
during rainfall in Eastern Georgia and examples of comparing radar data on precipitation intensity with flood
data at these points. The authors note that the accumulation of this information will allow creating an
algorithm for flood forecasting in Eastern Georgia based on the results of radar monitoring of the
precipitation intensity.

In this work, which presents the continuation of the foregoing studies [12], some results on the
incidents of heavy rainfall, floods and floodings in Kakheti (Georgia) and damage from them in 2014-2018
is presented.

Results

Based on the analysis of the data of the Georgian Environment Agency on the incidents of the heavy
rainfall, floods and floodings and the damage it caused, which covers 2014-2018, a table was compiled
(Table 1.), which shows data on the damage caused by these hidrometeorologycal phenomena for the
Kakheti region of Georgia.

Analysis of Table 1. shows that processes related to heavy rainfall, floods and floodings in 2014-2018 were
significantly active in the municipality of Lagodekhi (10day). It was also shown that this processes is more
common and destructive during the Western and eastern processes and also during the convection processes.
It should also be noted that the damage caused by heavy rainfall, floods and floodings in the Kakheti region
over the past five years has reached tens of millions of dollars, which is a huge loss for the Georgian
economy.

Table 1. Damage by heavy rainfall, floods and floodings in Kakheti (2014-2018)

Mu.n.i cipa | Number Damage Disaster Process l.’recipitat
lities of days ion (mm)
The rivers overflowed; p]igzzzgn_
Water from Sioni overflowed a ravine in the village Heavy wind speed
Telavi ; of Kisiskhevi. rain; 3o 39
Flood. S5
Western
process.
Damaged crops;
Agricultural lands were flooded;
Destroyed the road;
As a result of heavy rains at night, several sections
of the Pshaveli-Abano-Omalo highway were hail;
Landslides. The road section of up to 500 meters Heavy Western
was damaged. The helicopters transported 350 rain; process;
people from the disaster zone; Flooding; Eastern
Akhmeta 6 As a result of prolonged rain, the river. Alazani Flood. process.
flooded. Agricultural lands in 5 villages of Pankisi
were flooded. Disrupted bridge, road gabions;
As a result of the continuous rain and flood river.
Alazani, crops and vineyards were flooded, and
domestic animals and birds drowned. Cattle were
killed and infrastructure was damaged, hundreds of
subscribers were not provided with electricity for
several hours.
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About 40 houses were flooded in the village of

Heavy hail

Akhasheni. Due to heavy rains, the Khashni River | 2nd raimn, C "
gorge overflowed its banks and flooded part of the | Flooding; norrlz)fsgslsc.)
village. A boulder brought from a ravine blocked a |  F100d; lgastem ’
railway line leading to the village; He'fwy process.
. In the village of Arshanda, the water level on the rain.
Gurjaani 7 Latbi suburb increased by 5-6 m, as a result of
which the roads were flooded;
In Gurjaani the flooded river Cherebi, results of
heavy rains damaged the road connecting with the
village of Cherebi and cut off the village from the
outside world, damaged the power lines.
Villages have been affected, 400 hectares of Convectio
vineyards have been damaged, lands have been n process;
. flooded; Heavy Eastern
Kvareli 3 The rivers overflowed; rain; process; 51-53
Heavy rains in village Gavaz flooded 30 houses | Flooding Western
and yards. process.
The lands villege Apheni were flooded,; Heavy hail Convectio
The basements of the house were flooded; and Zain' n process;
Lagodekhi The rivers overflowed; Heavy ’ Eastern 30-80
10 The disaster affected Lagodekhi district. As a result . process;
of heavy rainfall, the first floor of the 10th house in Fl;ildniil Western
the village of Baisubani was flooded. & process.
The rivers overflowed,;
Residential houses were flooded in the villages of
Chailuri, Kakabeti and Burdiani;
Yards, roads, streets were flooded in Sagarejo,
asphalt cover was damaged as a result of heavy Western
rain; process.
Sagarejo In the villages of Sagarejo Municipality, ravines in Hrzi:/_y 78-35
6 Tokhliauri and Antoka overflowed, as a result, Floo dfn
about 12 public catering facilities in the village of &
Tokhliauri were flooded. Inventory and equipment
were damaged. After heavy rains in the mountains,
stones and rubble accumulated on the Sagarejo-
Thilisi highway, which hindered the movement of
vehicles.
The rivers overflowed,; Western
Basements and yards were flooded, agricultural Heav process.
Sighnaghi ) crops and plants were destroyed, poultry were rainy 44

killed, villages: Anaga, Magharo, Hereti Gate were
damaged.

Table 1 also shows that the amount of precipitation in the Kakheti region during each process is

28-80 mm.

According to Table 1. and based on statistical data for 2014-2018, we have prepared a

geoinformation map of the heavy rainfall, floods and floodings on the territory for the Kakheti

region(fig.1.). The map shows all the locations in the Kakheti region where the disasters processes listed

above took place for the study period.

Fig. 1. also shows that the heavy rainfall, floods and floodings very damages the Kakheti region
especially causes damage to the municipalitiy of Lagodekhy. The smallest damages hail is observed in the
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municipality of Sighnaghi. As for Dedoplistskaro Municipality, no incidents were reported during the study
period.

Heavy rainfall, floods and floodings
in Kakheti(2014-2018)

9 Damaged location

0 125 25 A0 Kilometers

Azerbaijan

Fig. 1. Distribution of Heavy Rainfall, Floods and Floodings on the Territory of Georgia in 2014-2018.

Over the five years(2014-2018), the number of days heavy rainfall, floods and floodings in Kakheti
was 37. As a result, more than 60 settlements were severely damaged - rivers overflowed, flooding
agricultural lands and the basements of houses. Heavy rains swept away roads and bridges, domestic animals
and birds drowned and e.t.

Conclusion

The study shows that heavy rainfall, floods and floodings in the Kakheti region has been a frequent
occurrence in recent years, which has caused significant damage to the infrastructure and agrarian sector of
the region.

The heavy rainfall, floods and floodings in the Kakheti region is characterized by a With abundant
atmospheric precipitation, and the largest precipitation reaches 80 mm. in one case.
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Summary: In the work the data of statistical analysis of the daily and monthly average values of the height of zero
izotherm and isotherm -6°C above the territory of Shida Kartli (Gori) for the period from 1 April to 31 October 2016 is
presented. The results of the work will find practical application in the organization of the anti-hail system in this
region.

Key words: aerological sounding of atmosphere, zero isotherm, isotherm -6°C, weather modification.

Introduction

Practical and scientific works on the weather modification (increase and decrease of atmospheric
precipitation, protection from the hail, etc.) is conducted in many countries of world. The anti-hail works is
reached almost in 50 countries of world over the total area of approximately 90 million hectares (Argentina,
Bulgaria, China, Georgia, Macedonia, Moldova, Russian Federation, Spain, etc.) [1,2;
https://map.geoengineeringmonitor.org/].

Experimental, experimental-production and production anti-hail work on Georgia conducted in
1960-1990 in the regions of Kakheti and southern Georgia over the total area approximately 1.2 million
hectares (Kakheti — 800 thousand hectares, southern Georgia - 400 thousand hectares). In 1989 these works
were stopped. The restoration of these works in Kakheti occurred in 2015 [2-5].

In the future, it is planned to expand anti-hail operations and other weather modification works
throughout Georgia. In the near future, it is planned to restore anti-hail operations in South Georgia, as well
as the creation of a new anti-hail service in Shida Kartli [4].

Information about the vertical distribution of meteorological elements in the atmosphere is necessary
for the normal functioning of anti-hail service. In particular, the data about the level of the zero isotherm and
isotherm -6°C are necessary for the planning and realization of the operations of action on hail clouds,
evaluating the sizes of hail stones, which falling from clouds to the earth's surface, etc. [2, 6-10].

Some results of the studies of the changeability of the levels of the zero isotherm and isotherm -6°C
under the conditions of Kakheti into the season of anti-hail works are represented in [7-9]. This work is the
continuation of the foregoing studies. Results of the statistical analysis of the data about heights of zero
isotherm and isotherm -6°C under the conditions of Shida Kartli, where the organization of anti-hail works is
planned, are represented below.

Material and methods
For investigating the thermal regime in the free atmosphere above the territory of Shida Kartli (Gori) as
in [7-9] the resources of http://ready.arl.noaa.gov/READYcmet.php were used.
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Work gives the statistical data about the daily and monthly average values of the height of zero
isotherm {H(0°C)} and isotherm -6°C {H(-6°C)} from 1 April to 31 October 2016. The daily values of the
indicated parameters were averaged according to data for four periods of measurements of the vertical profile

of air temperature (04, 10, 16 and 22 hours on the Tbilisi time).
The analysis of data with the use of the standard statistical analysis methods is carried out. The

following designations will be used below: Min — minimal values, Max - maximal values, Mean — average
values, St Dev - standard deviation, St Err — standard error, Cv (%) - coefficient of variation, 99%(+/-) - 99%

of confidence interval.
Results and discussion

Results in fig. 1-4 and tablel,2 are presented.
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Fig. 1. Daily average values of height of izotherms 0°C and -6° C from 1 April to 31 October above Gori.

Table 1. Statistical characteristics of daily mean values of hight of izotherm 0°C above Gori from April to

October.

Parameter April May June July August September October
Min 1018 2380 2513 3580 4328 1948 768
Max 3363 3640 4858 5033 4938 4340 4170
Mean 2514 3114 3768 4440 4586 3512 2651

St Dev 629 352 650 375 157 660 987
Cv,% 62 15 26 10 4 34 129
St Err 117 64 121 68 29 123 180
99%(+/-) 301 166 311 176 74 316 464
Table 2. Statistical characteristics of daily mean values of hight of izotherm -6°C above Gori from April to
October.

Parameter April May June July August September October
Min 1888 3428 3518 4583 5170 3238 2095
Max 4150 4640 5770 6253 5843 5313 5105
Mean 3528 4058 4709 5393 5453 4520 3779

St Dev 594 313 641 388 172 590 881

Cv,% 31 9 18 8 3 18 42
F StErr 110 57 119 71 31 110 161
99%(+/-) 284 147 307 182 81 282 414
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As follows from fig. 1 and table 1 daily mean values of H(0°C) above Gori changes from 768 m
(October) to 5033 m (July). The largest variations of values of H(0°C) in October is observed (Cv=129 %),
the smallest - in August (Cv=4 %).

From fig. 1 and table 2 follows, what daily mean values of H(-6°C) above Gori changes from 1888
m (April) to 6253 m (July). The largest variations of values of H(-6°C) in October is observed (Cv=42 %),
the smallest - in August (Cv=3 %).
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Fig. 2. Monthly variations of daily mean values of height of zero izotherm and izotherm -6°C and them 99%
confidence intervals above Gori.
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Fig.3. Repetition of daily mean values of height of izotherm - 6°C above Gori from 1 April to 31 October.
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Fig.4. Linear correlation and regresion between H(0°C) and H(-6°C) above Telavi and Gori.

187



As follows from fig. 2 and table 1,2 monthly mean values of H(0°C) above Gori changes from 2514
m (April) to 4586 m (August) and monthly mean values of H(-6°C) — from 3528 m (April) to 5453 m
(August). 99% confidence interval of mean values of H(0°C) changes from +74 m (August) to £464 m
(October), and 99% confidence interval of mean values of H(-6°C) changes from +81 m (August) to £414 m
(October).

The highest frequency of H(-6°C) values is in the range of 5000-5400 m (21.0%), the smallest - in
the ranges of 1800-2000 m and 6200-6600 m (0.9% respectively), fig. 3.

Between H(0°C) and H(-6°C) above Telavi and Gori the high level of linear correlation and
regresion are observed (fig. 4).

Conclusion

In the future, similar studies are planned for other regions of Georgia.
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Summary: In the work the data of statistical analysis of the daily and monthly average values of the main flow speed
and direction above the territory of Shida Kartli (Gori) for the period from 1 April to 31 October 2016 is presented. The
results of the work will find practical application in the organization of the anti-hail system in this region.

Key words: aerological sounding of atmosphere, wind speed, wind direction, weather modification.

Introduction

Scientific and practical works on the weather modification (including anti-hail works) in many
countries of world are conducted. Protection from the hail is achieved almost in 50 countries of world
(Austria, Canada, China, Bosnia and Herzegovina, Germany, Georgia, Greece, Romania, Russian Federation,
Serbia, etc.). The total area of the protected from the hail territory reaches 90 million hectares. [1,2;
https://map.geoengineeringmonitor.org/].

Experimental, experimental-practical and practical work on the fight with the hail in 1960-1990
conducted in two regions of Georgia (Kakheti — 800 thousand hectares, southern Georgia - 400 thousand
hectares). In 1989, these works were discontinued, and in 2015 restored in Kakheti [2-6].

In the future, it is planned to organize work to the weather modification throughout Georgia, and
primarily to expand operations against hail in the territory of Eastern Georgia. In the near future it is planned
to resume anti-hail operations in southern Georgia, as well as to create a new anti-hail polygon in Shida
Kartli [4].

The normal functioning of anti-hail service is impossible without information about the vertical
distribution of meteorological elements in the atmosphere [1,5,7]. In particular, the information about the
speed and direction of the main flow in the atmosphere are necessary for planning of the arrangement of the
points of active action on the hail clouds, conducting of this action, etc. [8-10].

Results of the statistical analysis of data of the speed and direction of the main flow in the
atmosphere under the conditions of Shida Kartli, where the organization of works on the fight with the hail is
outlined, are represented below

Material and methods

For investigating the wind regime in the free atmosphere above the territory of Shida Kartli (Gori) as in
[7] the resources of http://ready.arl.noaa.gov/READYcmet.php were used.

Work gives the statistical data about the daily and monthly average values of the main flow speed
(M.F.S.) and main flow direction (M.F.D.) from 1 April to 31 October 2016. The daily values of the
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indicated parameters were averaged according to data for four periods of measurements of the wind vertical
profile (04, 10, 16 and 22 hours on the Tbilisi time).

The analysis of data with the use of the standard statistical analysis methods is carried out. The
following designations will be used below: Min — minimal values, Max - maximal values, Mean — average
values, St Dev - standard deviation, St Err — standard error, Cv (%) - coefficient of variation, 99%(+/-) - 99%
of confidence interval

Results and discussion
Results in tablel,2 and fig. 1-3 are presented.

Table 1. Statistical characteristics of daily mean values of main flow spead above Gori from April to

October.
Parameter April May June July August September October
Min 5.5 3.0 2.5 2.3 2.5 3.8 4.5
Max 24.3 25.0 17.5 16.0 15.5 22.8 29.8
Mean 12.3 11.2 8.2 7.2 7.4 114 14.1
St Dev 5.7 5.5 4.0 3.7 3.2 4.7 7.2
Cv,% 103 184 159 164 128 124 161
St Err 1.1 1.0 0.7 0.7 0.6 0.9 1.3
99%(+/-) 2.7 2.6 1.9 1.7 1.5 2.2 34
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Fig. 1. Monthly variation of daily mean values of main flow speed and its 99% confidence interval
above Gori.

As follows from fig. 1 and table 1 daily mean values of M.F.S. above Gori changes from 2.3 m/sec
(July) to 29.8 m/sec (October). The largest variations of values of M.F.S. in May is observed (Cv=184 %), the
smallest - in April (Cv=103 %). Monthly mean values of M.F.S. changes from 7.2 m/sec (July) to 14.1 m/sec
(October). 99% confidence interval of mean values of M.F.S changes from *1.5 m/sec (August) to +3.4
m/sec (October).

From fig. 2 and table 2 follows, what daily mean values of M.F.D. above Gori changes from 58
degree (July) to 345 degree (April). The largest variations of values of M.F.D. in October is observed
(Cv=141 %), the smallest - in September (Cv=9.5 %). Monthly mean values of M.F.D. changes from 210
degree (June) to 264 degree (September). 99% confidence interval of mean values of M.F.S changes from
+10 degree (September) to £29 degree (June).
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Table 2. Statistical characteristics of daily mean values of main flow direction above Gori from April to

October.

Parameter April May June July August September October
Min 101 179 91 58 125 230 35
Max 345 323 303 284 294 325 299
Mean 257 241 210 223 229 264 252
St Dev 49 30 62 52 35 22 49
Cv,% 48.8 16.5 67.5 90.9 27.6 9.5 141
St Err 9 5 11 10 6 4 9
99%(+/-) 24 14 29 25 16 10 23
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Fig. 2. Monthly variation of daily mean values of main flow direction and its 99% confidence
interval above Gori.
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Fig. 3. Repetition of of main flow direction (M.F.D.) and mean values on main flow spead (M.F.S.)
in each of direction above Gori.
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The highest frequency of M.F.D. values have West direction (40.7%), the smallest - North and

North - East direction (0.5% respectively). The maximum average values of M.F.S have West direction

(12.

6 m/ s), the minimum - North - East (3.5 m/ s), Fig. 3.

Conclusion

In the future, similar studies are planned for other regions of Georgia.
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Summary: The results of statistical analysis of data on annual sum of atmospheric precipitation for six points of
Kakheti - Telavi, Sagarejo, Kvareli, Gurjaani, Dedoplistskaro and Lagodekhi are presented. The study period from 1956
to 2015. In particular, it was found that the linear trend of precipitation is observed only in Lagodekhi (positive trend)
and Sagarejo (weak negative trend). Within the studied time period in 1986-2015, compared with 1956-1985, the
average annual sum of precipitation in Sagarejo decreased by 73 mm, and in Lagodekhi it increased by 157 mm. The
linear correlation between the P values at the studied stations is significant (a(R) < 0.01). The values of R vary from
0.40 (pair Sagarejo - Lagodekhi) to 0.74 (pair Telavi - Kvareli and pair Gurjaani - Kvareli).

Key Words: regional climate change, atmospheric precipitations.

Introduction.

Studies of atmospheric precipitation are important not only in the scientific aspect, but also for many
sectors of the economy (agriculture, energy, tourism sector, construction, etc.). Many environmental
problems (climate change, ecology, natural disasters, etc.) are associated with the regime of precipitation and
the possibility of their regulation [1-6].

In Georgia, instrumental studies of precipitation have been conducted for more than 185 years [7]. In
particular, the comparison of monthly and seasonal mean values of precipitations in two thirty years of time
(1844-1873 and 1989-2018) in Tbilisi was carried out. It was found that in the indicated periods of time there
is a significance increase in atmospheric precipitations in October and November and cold period of year,
and a decrease in July and September [7].

In recent years, according to the National Environmental Agency of Georgia, an updated database of
monthly sum of atmospheric precipitation up to 2015 has been created for 39 meteorological stations. An
analysis of these data over the past 60 years has begun.

The results of statistical analysis of data on monthly precipitation for six points of Kakheti - Telavi,
Sagarejo, Kvareli, Gurjaani, Dedoplistskaro and Lagodekhi are presented in [8]. The study period from 1956
to 2015. In particular, it was found that during the indicated period of time in various months of the year in
Kakheti at different points the variability of precipitation is quite heterogeneous. So, in 1986-2015, compared
with 1956-1985, the regime of precipitation in Kvareli did not change; in Telavi, in the second period of time
compared to the first, the monthly precipitation decreased in June and July, and increased in October; in
Sagarejo - a decrease in precipitation from June to August and an increase in October; in Gurjaani and
Dedoplstskaro - a decrease in rainfall in June; in Lagodekhi an increase in October and November. The
statistical analysis of the variability of monthly sums of atmospheric precipitation in Tianeti for the same
period of time showed that in January, February, April, and from October to December, the precipitation
regime remains unchanged; in March and from May to September, negative linear trends of monthly sum of
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precipitation are observed [9]. he results of the study [8,9] may be useful for planning works on artificial
precipitation [6].

In this work, which presents the continuation of the foregoing studies [8], some results of the
changeability of annual sum of atmospheric precipitation in six location of Kakheti in 1956-2015 are
represented.

Study area, material and methods.

Study area is Kakheti region of Georgia. Data of the National Environmental Agency of Georgia about
annual sum of precipitation (P) in six locations of Kakheti (Telavi, Sagarejo, Kvareli, Gurjaani,
Dedoplistskaro and Lagodekhi) in 1956-2015 are used.

The standard statistical methods are used. The following designations will be used below: Mean —
average value of precipitations for 1956-2015; Min — minimal values; Max - maximal values; St Dev -
standard deviation; Range - variational scope, (Max — Min); St Err - standard error, (68% - confidence
interval of mean values); C, - coefficient of variation, (%), R* - coefficient of determination, R - coefficient
of correlation (the minimum value of R with a level of significance = 0.05 is 0.26); 99% Low and
99% Upp - 99% of the lower and upper levels of the confidence interval of the average values; (I) - average
value of P for 1956-1985 (first period of time); (II) - average value for 1986-2015 (second period of time);
a—level of significance. Missing observational data using standard methods were recovered. Comparison of
mean values of precipitations in two periods of time was produced with the use of Student's criterion with the
level of significance not worse than 0.05.

Results and discussion.
Results in fig. 1 and table 1 clearly are presented.

In fig. 1 the graphs of variability of annual sum of atmospheric precipitation in six locations of
Kakheti in 1956-2015 are presented.
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Fig. 1. Changeability of annual sum of atmospheric precipitation in 6 locations of Kakheti in 1956-2015.
As follows from this figure, the linear trend of precipitation is observed only in Lagodekhi (positive
trend, o (R?) <0.001) and Sagarejo (weak negative trend, a (R?) <0.3).
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In table 1 the statistical characteristics of P in above indicated locations of Kakheti is presented.

Table 1. Statistical characteristics of annual sum of atmospheric precipitation in 6 locations of Kakheti in

1956-2015
Location Telavi Sagarejo Kvareli Gurjaani | Dedoplistskaro | Lagodekhi

Mean 764 764 971 789 602 1078
Min 529 510 673 535 338 660
Max 1135 1332 1331 1288 1001 1842
Range 607 823 659 754 663 1182
St Dev 132 155 159 147 135 271

St Err 17 20 21 19 18 35
Cy, (%) 17.2 20.3 16.4 18.6 22.4 25.2
99% Low 720 712 917 741 558 988
99% Upp 808 816 1025 837 646 1168
Catalog [10] 770 768 991 741 585 1004

Difference: (IT)-(I), a(t)<0.05
mm -3 -73 -11 -7 5 157
Trend No ) No No No G
R Correlation Matrix
Telavi 1 0.72 0.74 0.70 0.50 0.56
Sagarejo 0.72 1 0.66 0.68 0.62 0.40
Kvareli 0.74 0.66 1 0.74 0.60 0.64
Gurjaani 0.70 0.68 0.74 1 0.63 0.62
Dedoplistskaro 0.50 0.62 0.60 0.63 1 0.47
Lagodekhi 0.56 0.40 0.64 0.62 0.47 1

As follows from this table the annual sum of atmospheric precipitation distribution in Kakheti is
rather heterogeneous. In 1986-2015 mean values of P varied from 602 mm (Dedoplistskaro) to 1078 mm
(Lagodekhi). The smallest variations of P values in Kvareli (Cv = 16.4%), and the largest - in Lagodekhi (Cv
=25.2%) are observed.

In general, over the past 60 years, the annual values of precipitation in Kakheti has not changed
compared to the earlier period. So, within the 99% confidence interval, the average annual values of P in
1956-2015 coincide with the average annual values of precipitation for the six indicated locations of Kakheti
presented in the catalog [10].

Within the studied time period in 1986-2015, compared with 1956-1985, the average annual sum of
precipitation in Sagarejo decreased by 73 mm (9.6% of the average in 1956-2015), and in Lagodekhi it
increased by 157 mm (14.6% of the average in 1956-2015).

The linear correlation between the P values at the studied stations is significant (a(R) < 0.01). The
values of R vary from 0.40 (pair Sagarejo - Lagodekhi) to 0.74 (pair Telavi - Kvareli and pair Gurjaani -
Kvareli).

Conclusion.

In general, over the past 60 years, the annual values of precipitation in Kakheti has not changed
compared to the earlier period. But within the studied time period in 1986-2015, compared with 1956-1985,
the average annual sum of precipitation in Sagarejo decreased by 73 mm, and in Lagodekhi it increased by
157 mm. In our view taking into account these results and the results obtained in [8,9] it is expedient to
examine a question of an artificial increase of precipitations in certain seasons of the year by active actions
on the clouds with using anti-hail service potential [6].
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Summary: The statistical analysis of the daily maximum speed of wind in the days without hail processes W(I) and in
the days with hail processes W(II) for 13 points of Kakheti in the period from 1 April through 31 October 2017-2019 is
represented. In particular, the following results are obtained: mean values of W(I) change from 1.3 m/sec to 8.3 m/sec,
mean values of W(II) change from 1.6 m/sec to 8.8 m/sec (at the stations Tsnori and Sagarejo, respectively); the
difference between the mean values of W(II) and W(I) change from 0.2 m/sec (Dzveli Anaga) to 1.9 m/sec
(Naendrovali) and on the average in all stations this difference is 0.9 m/sec; the distributions of mean values of W(I)
and W(II) in the territory of Kakheti has the uneven nature; the map of the distribution of mean values of W(II)-W(I)
on the territory of Kakheti is given;between mean values of W(II) and W(I) on all station of Kakheti practically linear
connection is observed; dependence of W(I) and W(II) from H has form of third power of polinomial.

Key words: Local climate, hail processes, max wind speed.
Introduction

In Georgia, as in other countries, to studies of the wind regime as the most important climate-
forming factors is paid special attention [1,2]. High wind frequently leads to the essential damages of
buildings, will be done damage to rural and forestry, it influences on the work of airports, it leads to human
victims, etc. [3-5].

In Kakheti since 2015 is restored the anti-hail work [6,7]. During the estimation of damage from the
hail damages frequently is also necessary the information about other associated extreme meteorological
elements, including wind speed [8]. In addition to this, the data about the regime of extreme wind are
necessary for the optimum distribution of the points of action on clouds, etc. [7,9].

In connection with that, as is was indicated in [10], was set the task of investigating the regime of
maximum daily wind speed in Kakheti, the special features of its distribution in the investigated territory, the
comparison of the wind regime in the days with the hail with the non hail days, developments the possible
connection between the data about the extreme wind on the earth's surface with the data of the radar
measurements of the wind speed on 2-2.5 km [11]. The detailed statistical analysis of the daily maximum
wind speed for 13 points of Kakheti in the period from 1 January 2017 through 31 December of 2019 is
presented in [10]. In this stage the comparison of the wind regime in the days with and without hail processes
is carried out, whose results are represented below.

1. Study area, material and methods

Study area — 13 locations of Kakheti region of Georgia. Coordinates of these locations of wind speed
measurements points in table 1 are presented.
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Table 1. Coordinates of 13 meteorological stations in Kakheti.

Location Location (Abbrev.) Long., E° Lat, N° Height (H), m (a.s.l.)
Tsnori Tsn. 45.993 41.612 501
Kindzmarauli- Khareba Kindz. 45.810 41.612 360
Telavi (Wine Cellar) Tel. 45.603 41.959 378
Saniore San. 45.489 42.051 550
Vachnadziani-Khareba Vachn. 45.657 41.867 496
Ruispiri Ruisp. 45.401 41.964 550
Dzveli Anaga Dz. An. 46.068 41.559 395
Bakurtsikhe Bakur. 45935 41.733 236
Zemo Kedi Z. Kedi 46.381 41.421 681
Sagarejo Sagar. 45.368 41.650 580
Khornabuji Khorn. 46.181 41.513 251
Naendrovali Naendr. 46.068 41.760 230
Kistauri Kist. 45.269 42.005 519

The data of Georgian National Environmental Agency about the daily max values of wind speed (W)
on 13 indicated stations are used. Period of observation: April 1- October 31, 2017- 2019.

In the proposed work the analysis of data is carried out with the use of the standard statistical analysis
methods [12].

The following designations will be used below: Mean — average values; Min — minimal values; Max -
maximal values; Range — Max-Min; St Dev - standard deviation; Cv — coefficient of variation, %; R* —
coefficient of determination; St Err — standard error; 99%(+/-), 99% confidence interval of average; o - the
level of significance; W(I) - the daily max values of wind speed in days without hail processes; W(II) - the
daily max values of wind speed in days with hail processes; AW=W(II)-W(I). All analyzed 508 days without
the hail processes and 134 days with the hail processes. The difference between the mean values was

evaluated according to Student's criterion with the value of ¢<0.05.

Results and discussion
Results in table 2 and fig. 1-3 are presented.

As it follows from table 2, values of W(I) on all stations change from 0 m/sec (Tsn., Ruisp., Dz. An.)
to 31.2 m/sec (Sagar.). Mean values of W(I) change from 1.3 m/sec (Tsn.) to 8.3 m/sec (Sagar.). Mean on
all stations values of W(I) are the following: W(I)min = of 1.2 m/sec; W(I)max = of 14.4 m/sec; W(D)mean =
4.1 m/sec.

Values of W(II) on all stations change from 0 m/sec (Tsn., Ruisp., Dz. An.) to 21.4 m/sec (Sagar.).
Mean values of W(II) change from 1.6 m/sec (Tsn.) to 8.8 m/sec (Sagar.). Mean on all stations values of
W(I) are the following: W(ID)min = 2.0 m/sec; W(II)max = 12.0 m/sec; W(II)mean = 5.0 m/sec.

The difference between the mean values of W(II) and W(I) change from 0.2 m/sec (Dz. An.) to 1.9
m/sec (Naendr.). On the average in all stations this difference is 0.9 m/sec.

From table 2 it is also follows that the distribution of W(I), W(II) and AW wvalues on the territory of
Kakheti has heterogeneous nature. For the clarity fig.1 gives the map of distribution of difference between
mean values of W in Kakheti in days with and without hail processes in 2017-2019.
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Table 2. Statistical characteristics of daily max of wind speed in Kakheti in days with and without hail

processes in 2017-2019.

Location | Tsn. | Kindz. | Tel. | San. | Vachn. | Ruisp. bz. Bakur. Z- . | Sagar. | Khorn. | Naendr. | Kist.
An. Kedi
Pararm. I. Without Hail Processes, W(I)
Min 0.0 0.7 0.6 | 0.8 1.4 0.0 0.0 0.8 2.9 2.5 2.0 2.0 1.9
Max 9.3 125 | 10.1 | 134 | 109 11.3 9 104 | 163 | 31.2 16.8 20.8 15.2
Mean 1.3 2.6 3.0 | 32 3.0 3.5 2.5 25 6.5 83 6.4 5.1 5.7
Range 9.3 11.8 | 9.5 | 12.6 9.5 11.3 | 9.0 9.6 134 | 287 14.8 18.8 13.3
St Dev 1.0 1.4 14 | 12 1.2 1.6 1.3 1.3 2.0 4.3 2.1 2.3 2.3
Cv,% 773 | 559 |47.1 369 | 395 441 | 525 527 | 317 513 332 454 | 40.6
St Err 0.0 0.1 0.1 | 0.1 0.1 0.1 0.1 0.1 0.1 0.2 0.1 0.1 0.1
99%(+/-) | 0.1 0.2 02 | 0.1 0.1 0.2 0.1 0.1 0.2 0.5 0.2 0.3 0.3
Param. II. With Hail Processes, W(II)
Min 0.0 1.6 1.0 | 1.8 22 0.0 0.0 1.3 3.9 43 42 2.7 3.0
Max 6.7 119 | 89 | 7.7 10.4 9.5 8.9 11.0 | 137 | 214 15.8 15.9 14.0
Mean 1.6 4.1 33 | 4.0 4.1 4.0 2.7 3.0 7.7 8.8 7.8 7.0 6.8
Range 6.7 103 | 79 | 59 8.2 9.5 8.9 9.7 9.8 17.1 11.6 13.2 11.0
St Dev 1.4 22 14 | 14 1.5 1.5 1.2 1.5 2.3 29 2.6 2.9 22
Cv,% 88.6 | 533 | 424|340 | 36.0 38.1 |46.6 | 47.7 | 30.1 | 33.0 33.8 413 33.0
St Err 0.1 0.2 0.1 | 0.1 0.1 0.1 0.1 0.1 0.2 0.3 0.2 0.3 0.2
99%(+/-) | 0.3 0.5 03] 03 0.3 0.3 0.3 0.3 0.5 0.6 0.6 0.6 0.5
Differ. | 03 15 | 03] 08 | 1.1 05 | 02| 05 |12 ] 05 1.5 1.9 1.1
(II-1)
=
T

Akhmeta

.,

0,220 m/sec

Municipality Center
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Fig.1. Distribution of difference between mean values of W in Kakheti in days with and without hail

processes in 2017-2019.
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Fig.2. Linear correlation and regression between mean values of W(II) and W(I) on 13 station of Kakheti in
2017-2019.

Between mean values of W(II) and W(I) on all station of Kakheti practically linear connection is
observed (fig. 2).
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Fig.3. Vertical distribution of mean max wind speed in Kakheti for 13 stations in days with and without hail
processes in 2017-2019, ((a(R?) = 0.03).

In fig. 3 data about vertical distribution of mean max wind speed in Kakheti for all 13 stations in
days with and without hail processes are presented. As follows from this figure dependence of W(I) and
W(I) from H has form of third power of polinomial and as a whole with an increase of altitude of locality
wind speed grows. It should be noted that dependence values of W(I) and W(II) from H analogously
dependence of mean annual and mean half-year values of W from H, obtained in [].

Conclusion

In the near future it is planned the continuation of works in this direction. In particular,
developments the possible connection between the data about the extreme wind on the earth's surface with
the data of the radar measurements of the wind speed on height 2-2.5 km.
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Summary: Preliminary results of the study of the relationship between the variability of the mean annual
sum of atmospheric precipitation and landslide processes in Georgia for 32 years are presented. In particular,
it was found that with an increase in the annual sum of atmospheric precipitation, the tendency of increase in
the number of landslides is observed in accordance with a second power of polynomial.

Key words: Landslide, atmospheric precipitations.

Introduction

Landslides occupy an important place among the list of natural disasters. The danger of landslide
processes is manifested not only in the damage they cause, but also in their almost ubiquitous distribution
[1]. Landslides are often accompanied by human casualties [2]. This problem is very topical for Georgia as
well. Despite the small territory of the country, the number of landslides included in the cadaster reaches
7000 here [3]. In connection with the above, the study of landslide processes in Georgia has always been and
is receiving special attention [4-8].

Landslide phenomena depend on many processes, one of which is atmospheric precipitation [3,9,10].
At the same time, the time scale of the effect of atmospheric precipitation on provoking landslides has a wide
range - from several tens of minutes to several days, months, and years (climatic time scale). This paper
presents the preliminary results of a study of the relationship between the variability of the mean annual sum
of atmospheric precipitation and landslide processes in Georgia for 32 years.

1. Study area, material and methods

Study area — territory of Georgia.

The data of Georgian National Environmental Agency about the mean annual sum of atmospheric
precipitations for 39 meteorological stations and number of landslides are used. Period of observation: 1966-
1968, 1971-1991, 1995-1998, 2001-2004 (32 years). The locations of meteorological stations and their
names are shown in fig. 1 and 3.

In the proposed work the analysis of data is carried out with the use of the standard statistical analysis
methods.

The following designations will be used below: Mean — average values; Min — minimal values; Max -
maximal values; Range — Max-Min; St Dev - standard deviation; Cv — coefficient of variation, %; om —
standard error; 95%(+/-), 95% confidence interval of average; R? — coefficient of determination; R —
coefficient of linear correlation; Rk - Kendall rank correlation coefficient; Rs - Spearman rank correlation
coefficient; a - the level of significance.
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Results and discussion
Results in table 1,2 and fig. 1-4 are presented.

In table 1 the statistical characteristics of mean annual sum of atmospheric precipitation for 39
meteorological station of Georgia in investigation period are presented. For clarity, fig. 1 shows the location

of these stations on the study area and the values of the mean annual sum of atmospheric precipitation at
each of them.

Table 1. Statistical characteristics of mean annual sum of atmospheric precipitation for 39 meteorological
station in investigation period.

Mean Min Max Range Median St Dev om Cv (%) 95%(+/-)
1085 402 2531 2129 984 509 83 47 162
i Kabardino-
== Balkaria
i s, 3
GEE”‘_" S o North Chec.hnya
s Sukhumi Més{:_i_a Ossena Ingusham
Jvari e = ; SR
i @tﬁ.m = |ELJ—.,_ S.L' Al inda ha
- o= bE “s Fusheti
gl taisi G3) (
@@ 052 ; &
t- . @ BO
Zurael Borjo @ ri _ & .’*1
@ @@ € Thi® h
; s Sighnagt
/| kh ikhe ﬁu. = @ e
L e @ P Qs
va rdzia R e 0o S 1,
¥ Stepanavan SAYEMBETANT

Fig. 1. Map of mean annual sum of atmospheric precipitation in Georgia in investigation period.

& Real OCalc
3000
2500 ()
P y=2736.1x 015
656 4 R2=0.516
_ b ©
Z 1500 O
= \‘:%az.
‘).I\:’:-:;__
1000
500
0
0 500 1000 1500 2000
m

Fig. 2. Vertical distribution of mean annual sum of atmospheric precipitation in Georgia ((a(R?) < 0.005).
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As follows from table 1 and fig. 1, the distribution of the mean annual sum of atmospheric
precipitation in Georgia is extremely uneven and varies from 402 mm (Gardabani) to 2531 mm (Batumi).
The median value is 984 mm, coefficient of variation - 47%.

The vertical distribution of mean annual sum of atmospheric precipitation in Georgia has the form of
power function on the height of locality (fig. 2). It should be noted that in the altitude range of 300-2200 m
at most stations, the mean annual sum of atmospheric precipitation varies practically within the median value
without a tendency to increase or decrease (fig. 2). Accordingly, the data averaged over all stations on the
mean annual sum of atmospheric precipitation should adequately characterize their regime for the territory of

Georgia as a whole.
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Fig.3. Linear correlation between mean annual values of atmospheric precipitations on each meteorological
station with mean annual values of atmospheric precipitations, averaging on all stations.

This is confirmed by fig. 3, which shows data on the linear correlation between the annual amounts
of atmospheric precipitation at each of the meteorological stations with averaged data for all stations. As
follows from this figure, the R values vary from 0.24 (a = 0.1, Bolnisi) to 0.84 (a <0.005, Samtredia).

Table 2. Statistical characteristics of mean annual sum of atmospheric precipitation, averaging on all stations,
and number of landslides in Georgia in investigation period.

Parameter Mean Min Max Range Median St Dev Gm Cv (%) | 95%(+/-)
Precipitations 1085 885 1331 447 1076 112 20 10.3 39
Landslides 28 1 161 160 20 33 6 118 12

In table 2 the statistical characteristics of mean annual sum of atmospheric precipitation, averaging
on all stations, and number of landslides in Georgia in investigation period are presentedAs follows from this
table, the variations in the number of days with landslides are significantly higher than the variations in the
mean annual sum of atmospheric precipitation for the territory of Georgia (Cv = 118 and 10.3%,
respectively). Therefore, the relationship between these parameters should be more qualitative than
quantitative.

Comparison of 32 years of series of observations of the mean annual sum of atmospheric

precipitation for Georgia and the number of days with landslides showed that there is a direct
correlation between these parameters: R = 0.33 (o = 0.05), Rk = 0.20 (¢ = 0.12), Rs = 0.28 (0 = 0.11). The
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values of these correlation coefficients, although low, are significant. That is, at least it can be argued
that with the annual scale of data averaging, is fixed a tendency for the number of days with landslides

to increase with an increase in the annual sum of atmospheric precipitation.

<— Mean O-Upp —4A—Low

70
a
60 O
Z 50 = 2 :
2 ¥ =-0.0002x*+ 0.5808x - 326.91
= O R2=0.9746
g
£ 40
= e —— R T
% o Tt
- 30 S
< o s
= .’Q__.u“"'
= )0 ’*_‘,.-m
Z 3 _._r"‘f
'
10 A
A
A—  A——
0
925 975 1025 1075 1125 1175 1225 1275
mm

Fig.4. Connection of number of lanslides in Georgia with mean annual values of atmospheric precipitations,
averaging on all meteorological stations ((a(R?) = 0.01).

In fig. 4 dependency cyrves of number of lanslides in Georgia with mean annual values of
atmospheric precipitations, averaging on all meteorological stations, are presented. Landslide number data
were averaged for four ranges of annual sum of atmospheric precipitation for the territory of Georgia: 885-
1012 mm (7 years), 1018-1073 mm (8 years), 1075-1200 mm (11 years), 1242-1331 mm (6 years ). As
follows from this figure with an increase in the annual sum of atmospheric precipitation, the tendency of
increase in the number of landslides is observed in accordance with a second power of polynomial. At the
same time, there is a fairly wide range of the upper and lower levels of the confidence interval for the
average values of the number of days with landslides.

Conclusion

It is shown that even with the annual scale of averaging data on the sum of atmospheric precipitation
and the amount of landslides in Georgia, a tendency towards an increase in the activation of landslide
processes with an increase in precipitation is noticeable.

In the future, these studies will be continued with a variety of scales of averaging ground-based and
satellite observations in accordance with the Shota Rustaveli National Science Foundation of Georgia project
FR-19-8190 “Assessment of landslide and mudflow hazards for Georgia using stationary and satellite rainfall
data”
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