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Articles

Global Warming Impact on Ecosystems
Nana Berdzenishvili ¢ *, Ninaka Berdzenishvili b

aJakob Gogebashvili Telavi State University, Telavi, Georgia
bCaucasus International University, Tbilisi, Georgia

Abstract

The impact of climate change on a particular species can ripple through a food web and affect
a wide range of other organisms. Climate change and shifts in ecological conditions could support
the spread of pathogens, parasites, and diseases, with potentially serious effects on human health,
agriculture. Climate change, along with habitat destruction and pollution, is one of the important
stressors that can contribute to species extinction. It has been established that the most vulnerable
system is the Black Sea coastline, which has a strategic importance for the rehabilitation of the
country’s economy and development of foreign trade.

Keywords: global warming, ecosystems, climate resources, population, habitat, food.

1. Introduction

Climate change affects the living world, including people, through changes in ecosystems,
biodiversity, and ecosystem services. Ecosystems entail all the living things in a particular area as
well as the non-living things with which they interact, such as air, soil, water, and
sunlight. Biodiversity refers to the variety of life, including the number of species, life forms,
genetic types, and habitats and biomes (which are characteristic groupings of plant and animal
species found in a particular climate). Biodiversity and ecosystems produce a rich array of benefits
that people depend on, including fisheries, drinking water, fertile soils for growing crops, climate
regulation, inspiration, and aesthetic and cultural values. These benefits are called “ecosystem
services” — some of which, like food, are more easily quantified than others, such as climate
regulation or cultural values. Changes in many such services are often not obvious to those who
depend on them.

2. Materials and methods

The study used materials from the meteorological database of the Institute of
Hydrometeorology of the Georgian Technical University and published data (Berdzenishvili, 2012,
Berdzenishvili, 2017, Berdzenishvili, 2018). Cartographic and statistical methods for processing
observations were used.
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3. Discussion

Ecosystem services contribute to jobs, economic growth, health, and human well-being.
Although we interact with ecosystems and ecosystem services every day, their linkage to climate
change can be elusive because they are influenced by so many additional entangled factors.
Ecosystem perturbations driven by climate change have direct human impacts, including reduced
water supply and quality, the loss of iconic species and landscapes, distorted rhythms of nature,
and the potential for extreme events to overwhelm the regulating services of ecosystems. Even with
these well-documented ecosystem impacts, it is often difficult to quantify human vulnerability that
results from shifts in ecosystem processes and services. For example, although it is more
straightforward to predict how precipitation will change water flow, it is much harder to pinpoint
which farms, cities, and habitats will be at risk of running out of water, and even more difficult to
say how people will be affected by the loss of a favorite fishing spot or a wildflower that no longer
blooms in the region. A better understanding of how a range of ecosystem responses affects people
— from altered water flows to the loss of wildflowers — will help to inform the management of
ecosystems in a way that promotes resilience to climate change.

The impact of climate change on a particular species can ripple through a food web and affect
a wide range of other organisms. For example, the figure below shows the complex nature of the
food web for polar bears. Not only is the decline of sea ice impairing polar bear populations by
reducing the extent of their primary habitat, it is also negatively impacting them via food web
effects. Declines in the duration and extent of sea ice in the Arctic leads to declines in the
abundance of ice algae, which thrive in nutrient-rich pockets in the ice. These algae are eaten by
zooplankton, which are in turn eaten by Arctic cod, an important food source for many marine
mammals, including seals. Seals are eaten by polar bears. Hence, declines in ice algae can
contribute to declines in polar bear populations (CCSP, 2008).
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_/'\ /‘\ /‘\ ,f'\_, Sea ice

% % P&yz’apim.( 2587

Fig. 1. The Arctic food web is complex. The loss of sea ice can ultimately affect the entire food web,
from algae and plankton to fish to mammals. Source: NOAA (2011)
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Climate change and shifts in ecological conditions could support the spread of pathogens,
parasites, and diseases, with potentially serious effects on human health, agriculture, and fisheries.
For example, the oyster parasite, Perkinsus marinus, is capable of causing large oyster die-offs.
This parasite has extended its range northward from Chesapeake Bay to Maine, a 310-mile
expansion tied to above-average winter temperatures. For more information about climate change
impacts on agriculture, visit the Health Impacts page.

Climate is an important environmental influence on ecosystems. Changing climate affects
ecosystems in a variety of ways. For instance, warming may force species to migrate to higher
latitudes or higher elevations where temperatures are more conducive to their survival. Similarly,
as sea level rises, saltwater intrusion into a freshwater system may force some key species to
relocate or die, thus removing predators or prey that are critical in the existing food chain.

Climate change not only affects ecosystems and species directly, it also interacts with other
human stressors such as development. Although some stressors cause only minor impacts when
acting alone, their cumulative impact may lead to dramatic ecological changes (IPCC, 2014).
For instance, climate change may exacerbate the stress that land development places on fragile
coastal areas. Additionally, recently logged forested areas may become vulnerable to erosion if
climate change leads to increases in heavy rain storms.

For many species, the climate where they live or spend part of the year influences key stages
of their annual life cycle, such as migration, blooming, and reproduction. As winters have become
shorter and milder, the timing of these events has changed in some parts of the country:

1. Earlier springs have led to earlier nesting for 28 migratory bird species on the East Coast
of the United States (IPCC, 2014).

2. Northeastern birds that winter in the southern United States are returning north in the
spring 13 days earlier than they did in a century ago (CCSP, 2008).

3. In a California study, 16 out of 23 butterfly species shifted their migration timing and
arrived earlier (CCSP, 2008).

4. Because species differ in their ability to adjust, asynchronies can develop, increasing
species and ecosystem vulnerability. These asynchronies can include mismatches in the timing of
migration, breeding, pest avoidance, and food availability. Growth and survival are reduced when
migrants arrive at a location before or after food sources are present (CCSP, 2008; USGCRP, 2014).

As temperatures increase, the habitat ranges of many North American species are moving
north and to higher elevations. In recent decades, in both land and aquatic environments, plants
and animals have moved to higher elevations at a median rate of 36 feet (0.011 kilometers) per
decade, and to higher latitudes at a median rate of 10.5 miles (16.9 kilometers) per decade. While
this means a range expansion for some species, for others it means movement into less hospitable
habitat, increased competition, or range reduction, with some species having nowhere to go
because they are already at the top of a mountain or at the northern limit of land suitable for their
habitat (USGCRP, 2014a; USGCRP, 2009). These factors lead to local extinctions of both plants
and animals in some areas. As a result, the ranges of vegetative biomes are projected to change
across 5-20 % of the land in the United States by 2100 (USGCRP, 2014a).

For example, boreal forests are invading tundra, reducing habitat for the many unique
species that depend on the tundra ecosystem, such as caribou, arctic foxes, and snowy owls. Other
observed changes in the United States include a shift in the temperate broadleaf/conifer forest
boundary in the Green Mountains of Vermont; a shift in the shrubland/conifer forest boundary in
New Mexico; and an upward elevation shift of the temperate mixed/conifer forest boundary in
Southern California.

As rivers and streams warm, warmwater fish are expanding into areas previously inhabited
by coldwater species (USGCRP, 2009). As waters warm, cold water fish, including many highly-
valued trout and salmon species, are losing their habitat, with projections of 47 % habitat loss by
2080 (USGCRP, 2014a). In certain regions in the western United States, losses of western trout
populations may exceed 60 percent, while in other regions, losses of bull trout may reach about
90 % (USGCRP, 2009). Range shifts disturb the current state of the ecosystem and can limit
opportunities for fishing and hunting. See the Agriculture and Food Supply Impacts page for
information about how habitats of marine species have shifted northward as waters have warmed.
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Climate change, along with habitat destruction and pollution, is one of the important
stressors that can contribute to species extinction. The IPCC estimates that 20-30 % of the plant
and animal species evaluated so far in climate change studies are at risk of extinction if
temperatures reach the levels projected to occur by the end of this century (IPCC, 2014). Global
rates of species extinctions are likely to approach or exceed the upper limit of observed natural
rates of extinction in the fossil record (IPCC, 2014). Examples of species that are particularly
climate sensitive and could be at risk of significant losses include animals that are adapted to
mountain environments, such as the pika; animals that are dependent on sea ice habitats, such as
ringed seals and polar bears; and coldwater fish, such as salmon in the Pacific Northwest
(USGCRP, 2014a; USGCRP, 2009).

As a result of activities, conducted within the first National Communication, the systems
most vulnerable to climate change in Georgia have been identified. It has been established that the
most vulnerable system is the Black Sea coastline, which has a strategic importance for the
rehabilitation of the country’s economy and development of foreign trade. The second important
vulnerable system in Georgia is agriculture, where special attention is paid to wheat in Eastern
Georgia. Also, in spite of a sufficient supply of water resources, appropriate attention is being paid
increase the efficiency of water utilization.

Georgia occupies the southeastern part of Europe, to the South of the watershed of Great
Caucasian Range, in Transcaucasia, lying between the Black and Caspian Seas. Total area of the
country is 69,700 km 2, 46 % of which is located at the altitude of 0-1000 m a.s.l. The Likhi Range,
crossing the country almost meridionally in the middle of territory, divides the country into
2 different regions that is reflected mainly in the climate.

Western Georgia is rich in rivers, the biggest of which are Rioni and Enguri. The biggest river
in Eastern Georgia is Mtkvari with its several confluents flowing down from the Great Caucasus.
There are tens of lakes in Georgia. The biggest of them is Paravani with the area of its water plane
of 37.5 km 2. Over 20 regulating water reservoirs are constructed on a number of rivers. Swamps
occupy approximately 600 km 2 of the country’s territory, and glaciers occupy the area of 511 km 2.

4. Conclusion

Almost all types of climate are presented over Georgian territory except savanna and tropical
forests. The Black Sea coastal zone has humid subtropical climate. Mean annual temperature here is
14-15°C and annual precipitation sums range from 1500 to 2500 mm. On the Plains of Eastern
Georgia the climate is dry-subtropical with average annual temperatures in the range of 11-13 0 C and
annual precipitation sums between 400-600 mm. In mountainous areas this value reaches
800-1200 mm.

In the cold period of the year stable snow cover does not form in both regions of Georgia up
to the altitude of 400 m a.s.l. Duration of bright sunshine over the most part of the country’s
territory ranges from 1900 to 2200 hours. Warming period with 10 oC threshold value on the
plains comprises 120-160 days, while in a mountainous zone it reaches 220-320 days.
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Water Balance of Small River Basins in the Sochi Black Sea Coast
Nikolai A. Bityukov 2:*
a Sochi national park, Sochi, Russian Federation

Abstract

The article is devoted to the analysis of the hydrological regime of small rivers of the Black
sea coast of the Caucasus, located in the mid-mountain and low-mountain zones. Based on the
GIS-technologies, maps of the distribution of high-altitude zones of these rivers' basins with
hypsographic curves have been developed. For the mid-mountain zone of the Sochi Black sea
region, the analysis of the hydrological regime of the Psiy river basin with a catchment area of
20.4 km? and an average height of 664 m above sea level (a tributary of the Shakhe river) is given.
To characterize the low-mountain hydrology, we consider the Kuapse river catchment area with an
area of 14.6 km2 and an average height of 322 m, which flows into the Black sea. It was found that
the input part of the water balance of these rivers in the form of precipitation measured at weather
stations in the estuaries of rivers is understated due to the high-altitude zoning of catchments.
To account the influence of this factor, the correction coefficients were calculated equal to an
increase in precipitation by 4.5 % for every 100 m of elevation in the mid-mountain zone, and by
17.3 % per 100 m of elevation in the low — mountain zone.

As a result of calculations for the mid-mountain zone, it was found that for r. Psii the main
part of the balance is occupied by shallow-water ground nutrition — in total, it reaches 66 % with
slope runoff. The total evaporation here is about 1/3 of the balance.

For the low-mountain zone, the annual water balance of the Kuapse river basin is as follows:
in mm of layer 3520 = 1539 + 1981 or in % 00=44.0 + 56.0. Here precipitation is spent on 44 % on
runoff, and 56 % is spent on total evaporation. During the cold period, more than half of the
precipitation goes to runoff, and only 45 % - to total evaporation. During the warm period, out of
1644 mm of precipitation, 533 mm (31.0 %) is spent on runoff, and the remaining 1111 mm
(69.0 %) is total evaporation.

Keywords: the Sochi Black sea coast, geomorphology of Caucasus, a river network, pools of
the rivers, norms of deposits, hydrological mode of the rivers.

1. BBegenue

Ananus pequf/'I cetu COUYMHCKOTO HpI/IqepHOMOpr IIOKa3aJI, 4TO B COOTBETCTBHU C
I‘COMOp(bOJIOI‘I/I‘{eCKI/IMI/I YCIIOBUAMU PETHOHA BIIaJaI0IIHUE B ‘-IepHoe MOP€ PEKH MOXHO pa3ae/InTb
Ha Tpu ypoBH:A. I[lepBbIii ypoBeHb HpeJCTaBJ€H OCHOBHBIMU pekamMu, (GOPMHUPYIOIIUMUCH B
BbICOKOFOpHOﬁ TEPPUTOPUHU CouynHCKOTO HpH‘—IepHOMOpr; BTOpOfI YPOBE€Hb DPEK, IIPEACTaBJICH
BOZIOTOKAMHU, UMEIOIUMU HAavyaj0 B CPEIHETOPHOU 30HE; U TPETUH YPOBEHb — HTO MaJIble PEKHU,
chopmMupoBaHHbIE B HU3KOTOpPhE. IIpu 3TOM OOJIBITIOE 3HAUEHME /I THAPOJIOTHYECKOTO PeKUMa
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PeK UMEIOT pa3Mepbl IJIOMAAN BogocOopa. M3yyeHre BIUSHUSA TOPHBIX JIECOB Ha (pOpMUPOBaHHE
CTOKA PeK IMOKa3bIBAeT, YTO ATOT (PAKTOP IOJJIaeTcs aHAJIW3y WUMEHHO JJII MaJIbIX BOJIOCOOPOB
BBU/Iy OJTHOPOJTHOCTH (U3HKO-reorpaduueckux ycyioBuil i HuxX (butiokoB, 2018; BUTIOKOB,
TkadeHKo, 2017).

1 XapakTepUCTUKU BOJIOPETYIUPYIOIEN poJi TOPHBIX JiecoB CounHckoro [IpuuepHOMOpbs
TIpUBJIEYEHbI MaTEPHaIbl MHOTOJIETHUX HaOJIo/IeHni Ha moctax Pocruapomera. (I'ocymapcTBeHHBIH
BOZHBIN KaziacTp, 1988, 2004; Pecypcst moBepxHocTHBIX Bog CCCP, 1973, 1975).
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Puc. 1. Cxema pacnosiokeHus MaJIbIX BoZocO0poB (1 — 6acceiin peku Kyarce; 2 — 6accelin
peku Ilcuit). KpacHas suaus — rpanuisl COUMHCKOTO HalMOHAJIBHOTO apKa
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BosHblil 6aanc 6acceHHOB PeK 3TOU TEPPUTOPHUH XapaKTEPU3YeTCs PE3KO OTPAaHUYEHHBIM
KOHTYPOM, BHYTPH KOTOPOTO IIPOHMICXOJUT IIOYTH BECh IPOIleCC KPyroBopora Biard..Ocaakw,
BBINA/IAIONE B OacceliHaX peK B BUJIE JOKASA U CHera, JaCTHYHO PACXOyIOTCS HA HUCIIapeHUe U
TPAaHCIUPAIINIO, OCTAJIbHASA UX YacTh B BUJI€ TOBEPXHOCTHBIX U IMOA3EMHBIX BOJI BO3BpAIIlAeTCs B
mope [Ipu mosbope 6acceiiHa, perpe3eHTyIIIero cpeiaue yeaoBusa CounHcKoro [IpuuepHOMOpPhs
HCTIOJTb30BAJIUCH CJIEAYIOIIHE YCIIOBHUS:

a) HamOoJ1ee OJIM3KOE K MEHTPY MTOApaiioHa pacIosioKeHue OacceriHa;

0) HauMeHbIas BeJUYMHA IUTOMAAN OacceliHa (M3 PeK, MMEMIIUX THUAPOJIOTHYECKUE
HaOJTI0/IeHNsI), UTO 00JIerdyaeT TOUHOCTh PAcUYETa 3JIEMEHTOB OajlaHca;

B) HAJIMYHE JUTUTEJIBHOTO PsJia HAOTI0eHNH 32 CTOKOM U OCaJIKaMH;

I') HAMEHbIIIee X03AMCTBEHHOE BO3IEUCTBYE Ha IUIOMAAb C JIECHBIMU HACAKICHUIMU.

Jlaslee pUBeleH aHAINU3 THAPOJIOTHYECKOTO PEKMMa JBYX MAaJIbIX PEK, IPeAICTaBJIAIOIINX
CpPeHETOPHYI0 30HY — OacceiiH peku Ilcwil ¢ IIoImazbp0 BojocOopa 20,4 KM2 (IIPUTOKA PEKU
[ITaxe) 1 HUBKOTOPHYIO 30HY — OaccelH peku Kyarice ¢ rromazapio 14,6 km2 (PUCyHOK 1).

2. MaTepuaJbl 1 METObI

Bojublii 6ananc 6accetina p. I1cuid.

JIs1 cpeiHeTOPHOM 30HbI OYKOBO-KAIIITAHOBBIX JIECOB PENPE3€HTATUBHBIM SIBJISIETCA OacceiH
p. Ilcuii — mpaBobGepeskHOTO TTpUTOKA p. Illaxe (mromaap BomocOopa — 20,4 KM2, JJIMHA PEKH —
9,8 km). Bacceitn p. Ilcuit xapakTepusyercsa O4eHb YeTKUM OTPAaHUYEHHEM B IPOCTPAHCTBe (IIpu
0TO-3aMmaHOM OpHeHTanuu). BojopaszenpHas JuHUSA OacceliHa MPOXOAUT IO XpedTam c
BBICOTAMH JI0 695 M, a B BEPXHEH YacTH — JI0 1356 M HaJ yp.M. H Bbile. CpeaHsisa BbIicoTa OacceiiHa
— 664 M Haxa yp. Mops. B BepxHell yactu OacceiiHa mpeobJIaal0T CKJIOHBI KPYTHU3HOH 0osiee 30°
(saHmMaroT 35 % miomanau OacceliHa), B CpeAHEH W HIDKHEH YacTsAX — CKJIOHBI 20-30° (OKOJIO
40 %), 11-20° (0K0J10 20 %) U 710 10° (He 6osee 5 %) (PucyHOK 2).

BepxHsis Tperb OacceiiHa 3aHATa pPa3HOBO3PACTHBIMU OYKOBBIMU HACAKIAEHUSIMHU
II-ro xitacca GoHUTETa, CPENHAS — IPEUMYIECTBEHHO CIIeJIBIMU KaIllTaHOBBIMHU JPEBOCTOSMU
II-ro knacca OoHurera, a HIKHASA — aybpaBamu (Gonmrer II) M YacTHYHO OYKOBBIMH
HacaxkneHusamu (bounurer III).

Obmas mwiomaapb OyKHSIKOB — 44,5 %, nyopaB — 26,4 %, KallTaHHUKOB — 25,5 %.
HacaxkneHusi XapakTepu3yIOTCSI BBICOKMMH IIOJTHOTAMH U cJIab0 3aTPOHYTHI XO3SHCTBEHHOU
JlesITeJIbHOCTRI0. B HEKOTOpBhIX HamboJjiee MOJIOTUX y4yacTKax OacceliHa Ha MeCTe BBIPYOJIEHHBIX
JIDEBOCTOEB CO3/IaHbI IVIAHTAIIUH OPEXOIUIOHBIX U caabl (00IIast uX IJIOMIAAb OKOJIO 3,6 %).

HabOmromeHust 3a ocagkaMu U CTOKOM B OacceiiHe p. Ilcmii Benmch ¢ 1945 mo 1988 rr.
HaOo/ieHHble BEJTMYMHBI OCAJKOB OBLIM HCIIPABJIEHBI HA BETPOBOM HENOYYET OCAJIKOB U
cMmauyuBaHue. CyMMapHBIN MONPaBOYHBIN KO3(OUIIMEHT B TeUEeHUE TOZla UBMEHsJICA B IIpejiesiax
oT 1,04 10 1,08 (CnpaBounuk 1o kymmaty CCCP, Breim. 13, 4. IV). IToCKOIbKY BBICOTA YCTAHOBKU
ocagkoMepa paBHa 188 M, a BBICOTHI CKJIOHOB BOjIocOOpa U3MEHSTCSA OT 150 70 1400 M,
CYIIIeCTBEHHOE 3HAUYeHHe NPHUOOpeTaeT pacuér cpemHero i OacceilHa CJIOA BBIMIAIAIONINX
ocazkoB (BuTOKOB, 2007, 2018).
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Puc. 2. [Tudposas mozesns pesbeda 6acceitna pexu [cuii ¢ runcorpaduyueckoit KpuBo BosiocOopa

Ha Pucynke 2 mpuBefeHa mnudpoBas wmonaenb penbeda OacceriHa peku Ilcwmid.
[I1roBHOMeTpUYECKUH TPaIEHT OB ompesiesieH Mo MeTeoctaHuaM Kpacuas IlossiHa (566 M) u
Aunmixo (1880 M), KoTopble Takke, kKak U Oacceiin p.Ilcuii, HaxoAATCA 3a MepeZOBBIMU OT MOPS
xpebTamu. OH cOCTaBWJI yBeJUYeHUE 4,4 % OT OCQ/IKOB Ha HIDKeJeXKallled CTaHIMH Ha 100 M
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noxbeMa. C yuéroMm rurcorpadudeckoil KpUBOH OBLI OIIpe/iesieH MOMPAaBOYHBIN K03hQUIEHT Ha
BBICOTY OacceitHa Ko. = 1,188.

Taxum 06pazoMm, /I JATbHEUIINX PACUETOB TO/IOBBIX U CE30HHBIX CYMM OCAaJIKOB B OaccelHax
pexu Ilcuil MPUHATHI BEJIMUUHBI IUTIOBUOMETPUYECKIX I'PAIMEHTOB (TTOBBIIIEHNE OCAJIKOB C BBICOTOM),
TIOJIy9YeHHBIX HETIOCPeICTBEHHBIMU Ha0moaeHusaMuy (BuTiokos, 1990, 2013, 2018):

- st xosmoaHoro nepuoza (¢ 1.XI mo 30 MapTa ruApoJIOTHYECKOro roJia) paBeH 5,3-4,9 % Ha
KaXkKple 199 M MObEMA, a B CPEHEM 5,0 % Ha KaXKbIHA 100 M MObEMA;

- JUI TEIJIOTO mepuojia (¢ 1 ampesid 1Mo 30 OKTAOps) IUTIOBHOMETPUYECKUI IPaJIUEHT PaBeH
3,6-4,2 % Ha Kaxkple 100 M IOJTheMa, a B cCpeHeEM 4,1 % Ha 100 M. CieyeT OTMETUTh, YTO
BEJINYMHA TUTIOBUOMETPUYECKOTO TPAJINEHTAa B HEKOTOPOU CTEleHU 3aBUCUT OT MHTEHCUBHOCTU
suBHA. Tak, A1 UCKIIOUUTEIFHO HHTEHCUBHOTO JIMBHA B UIoyie 1956 T. o AaHHbIM MC Kpachas
[Tossara 1 MC AYuIxo III0BUOMEeTpUYecKU K03 DUIMEHT MTOJIyUYeH paBHBIM 9,7 % Ha 100 M.

Jl1s1 pacueTa cpeHero ¢J0si 0CaJKOB, BHITIABIINX HA TOPHBIN BOI0COOD, HEOOXOAMMO BBECTH
IONPaBKy K HAOJIIOJIEHUSAM B HIDKHEH 4acTH OacceliHa, YIUTBHIBAIOMIIYIO ILUIIOBUOMETPUYECKUI
rpaaueHT. [lonmpaBounbli koadgduuueHT K, yuuTeIBamOmUil yBeJIWYeHHE OCAZKOB C BBICOTOU
MECTHOCTH, JJIsi HeOOJIBIIOTO PevHoro bOacceiiHa MOXKHO paccuuTarh 1o dopmysne (BUTIOKOB,
TkaueHko, 2017; KoBaib, BUTiokoB, 2001):

K, = K+ Ko L+ + K f, (1)
F
rae: Kix, Ko .... Kix — 0Caziku Ha ypoBHE TOPU30HTAIHA 50 M, 150 M, 250 M H T.[., B IOJAX OT
0CAZIKOB HCXOIHOM HIDKedexaleil craumuu; fi, fo, ... f — Iomazau O6acceiiHa, 3aKII0OYEHHBIE

MEXAy rOpU30OHTAIAMHU, KPAaTHBIMHU 100 M; F — mwmomans bacceiiHa.

3. O0cy:xxnenue

Ha Pucynke 3 mpuBeneH rpaduk cpeiHux st 6acceiiHa BeJIMYHH OCAJKOB U CTOKA IO
Ce30HaM 3a MHOTOJIETHUH Iepuo;] HaOI0eHnH. ['UAPOJIOrHYeCcKUM TO0M IIPHU 3TOM YCJIOBJIEHO
cuutath Tepuon ¢ 1/X1 mo 31/X. CpemHssa gaTa MOsIBJEHHUSA CHEXHOTO IOKpoBa 20/X-8/XII
(B mpenenax BBICOTHI OacceliHa), oOpa3oBaHUE YCTOWYMBOTO IOKpoBa — okoio 24/XII, cxoxa
CHEKHOTO MOKpoBa — 0KoJ10 5/1V. IToaTomMy 3a X0I0AHBIN ce30H MpuHAT repuoA XI-I11, a Terbrii
- IV-X.

Kak moxkasweiBatoT HaOmozieHuss (PUCyHOK 3), OCaJIkKM XOJIOAHOTO IepHUoZia OOBIYHO
MIPEBBIIIAIOT OCAIKH TEIIOTO ce30Ha (B 1,5-2,5 pasa), ¥ BOJHOCTD To/ia OIPEEsIsieTCsI B OCHOBHOM
BOJTHOCTBIO XOJIOAHOTO Iteproa. KosiebaHusa Kak rof0BBIX, TaK M CE30HHBIX CYMM OCAaJIKOB OU€Hb
BesIUKU. Tak, MUHUMYM TOZOBBIX OCAJKOB OTMeYeH B 1957 T' — 2156 MM; 3a TEIUIBIH MEPUOJ —
TaK’Ke B 3TOM TOJly — 478 MM, 3a XOJIOJHBIN ITepUo, — 1241 MM (1951 T).

MakcuMyMbI 0CaJIKOB HaOJTI0aInCh: 3a ro — 3861 MM (1958 T), 3a XOJIOJHBIN Ce30H — 2565
(1958 1), 3a TembIi ce30H — 1540 MM (1956 T). Ecotn ocazixu Kos1e6/II0TCsT B MHOTOJIETHEM pa3pese
He OoJsiee yeM B 2 pasa, TO KoyiebaHUS CTOKA TOpas/io OOJIbIIE: TOJIOBOM — B 2,2 pa3a (MakCUMyM
2485 MM B 1963, MUHUMYM 1128 MM B 1955 T), 3SUMHUU — B 2,7 pa3a (MakcumMyMm 1966 MM B 1963 T,
MUHUMYM 738 MM B 1951 T), a JIETHUH — B 77,7 pa3a (1097 MM B 1956 T ¥ 143 MM B 1957 T).

OTtcroga siCHO, YTO BOJIHBIN OaslaHC Jake B TpeJiesiaX OJHOTO U TOTO K€ HeDOJIBIIIOTO
OacceliHa MOKET U3MEHATHCSA BO BDEMEHHU BechbMa 3HAUUTEIbHO U3-3a KOJIeOaHUS ero IMPUXOTHON
yacrtu (Tabsmma 1)

Pacuér cymMMapHOro ucliapeHHs KaK PasHHUIbI MEXXAYy OCaJIkaMU U CTOKOM, pasyMeercs,
vMeeT NPHUOJIMKEHHBIM XapaKTep Jla’ke IMPHU YCJIOBUM IIOJTHOTO JIDEHUPOBAHUA PYCJIOM PEKH
IJIyOOKHMX TPYHTOBBIX BOJI.
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Taoauna 1. Bogubiii 6atanc 6acceiina p. [lcuii (tuiomanb 20,4 KM2, CpeiHssA BbIcOTa 664 M
HaJ1 yp. MOpsi) 3a Iepuo; 1946—1968 rup. roJibl

Ocazaxu, MM Crox, MM CyMMapHoe rcrapeHue, MM
£:§£onomqecxue Xonopuwiii | Teribrit anpono: Xomomubid | Terwibri FH[[pO)IO: Xomoauwiii | Tertbri anpono:

nepuop (Xi-|mepuoxn |rudeckuil |mepuof (Xi-|mepumon |ruveckuit |mepuox (X1i-|mepuoz | THYECKHIH

1Y) V-X) roj 1Y) V-X) roJ 1Y) ¥V-X) rojt
1946-47 1342 945 569 1514 773
1947-48 2170 1072 3242 1750 301 2141 420 681 1101
1948-49 1516 1262 2778 884 439 1323 632 823 1455
1949-50 1446 1388 2834" 1024 548 1572 422 640 1262
1950-51 1241 1305 2546 738 659 1397 503 646 1149
1951-52 2250 965 3215 1542 510 2052 708 455 1164
1952-53 2508 762 3270 1656 557 2213 852 205 1057
1953-54 2100 1250 3350 1154 786 1940 946 464 1410
1954-55 1500 941 2441 866 262 1128 634 679 1313
1955-56 2300 1540 3840 1347 1097 2444 953 443 1396
1956-57 1678 478 2156 1272 143 1415 406 335 741
1957-58 2565 1296 3861 1704 722 2426 861 574 1435
1958-59 1390 947 2337 1120 496 1616 270 451 721
1959-60 1670 1250 20920 1324 684 2008 346 566 912
1960-61 1500 99 4 2494 1025 463 1488 475 531 1006
1961-62 2210 910 3120 1904 426 2330 306 484 790
1962-63 2490 1010 3500 1966 519 2485 524 491 1015
1963-64 1600 1035 2635 1444 778 2222 156 257 413
1964-65 1715 666 2381 1460 465 1925 . 255 201 456
1965-66 I960 1508 3468 1244 588 1832 716 920 1636
1966-67 1623 1057 2682 946 672 1618 679 385 1064
1967-68 2340 1250 3590 1819 599 2418 521 651 1172
Cpennue 1894 1090 2984 1322 564 1886 351 529 1080

Tabauna 2. Pacunenenue ruziporpados ctoka p. Ilcuii no Buzlam nuTaHus B OCEHHUH,
3UMHe-BECEHHHUH U JIETHUH TTePHUO/IbI ro/1a

I'pyHTOBBII CTOK, MM CKJIOHOBBIH CTOK, MM KoaddunueHTs! CKJIOHOBOTO CTOKA
T'upposioru-
YeCKHue rogpl

XI-XII | IV vix | vma | Xy vix | Gmma | Xy vix | Cpem.

3a Toj, XII 3a Toj, XII TO/I0BOM

1946-47 118 528 252 898 82 255 279 616 - 0,24 0,22 -
1947-48 208 732 161 1192 348 | 494 279 949 0,41 0,37 0,10 0,29
1948-49 109 564 181 854 48 354 107 468 0,12 0,23 0,08 0,17
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1949-50 68 628 233 929 30 379 66 642 0,10 0,29 0,18 0,23
1950-51 114 393 252 759 115 386 233 638 0,26 0,31 0,16 0,25
1951-52 162 807 183 1152 237 524 137 900 0,30 0,31 0,18 0,28
1952-53 129 1001 203 1333 159 664 139 880 0,26 0,33 0,09 0,27
1953-54 84 731 277 1112 80 593 57 827 0,13 0,34 0,29 0,25
1954-55 54 502 123 679 43 367 154 449 0,13 0,30 0,04 0,18
1955-56 163 741 235 1139 240 | 441 39 1304 0,27 0,26 0,48 0,34
1956-57 249 582 71 902 263 244 623 513 0,37 0,23 0,01 0,24
1957-58 147 896 375 1418 325 511 6 1008 0,36 0,29 0,14 0,26
1958-59 173 696 231 1100 114 270 172 516 0,30 0,24 0,15 0,22
1959-60 201 635 285 1121 207 416 132 887 0,33 0,34 0,24 0,30
1960-61 143 573 220 936 129 276 264 551 0,22 0,26 0,17 0,22
1961-62 268 923 177 1368 327 516 146 962 0,36 0,36 0,15 0,31
1962-63 118 1069 256 1443 191 746 119 1042 0,28 0,40 0,11 0,30
Cpenuee 139 708 218 1079 173 438 103 774 0,26 0,30 0,16 0,26

ITockosbKy KpHBasi HCTOINEHHWs 3aIlacoB BOALI B 0OacceilHe MO OCH BpPEMEHH HMEET
JUIUTEJIBHOCTD 4-5 U 0oJiee MecsIeB, SICHO, YTO OacCeHHOBOE PEryJIMpOBaHUE CTOKA II0 BPEMEHH
MPEBBIIIAET MPeEETbI CE30HOB. 3a CUET HTOTO CyMMAapPHOE UCIIAPEHUE TEIJIOTO IIeEpHOo/ia 3aHUKEHO,
a XOJIOJTHOTO TEePHo/ia — 3aBBIIIEHO (B Mae CTEKaloT OCA/IKH, BBINABIIIKE B anpesie U Mapre). bosiee
JIOCTOBEPHBI BEJIMUMHBI CYMMapHOTO HCIIapEHUs 3a T0o/l, HO HanboJsiee MpaBUJIbHBIM Oy/IeT pacyéT
BOJIHOTO 0ajlaHca, OCPeTHEHHBIU /JIA OJHOTO WM HECKOJIbKUX THAPOJOTUYECKUX ITUKIIOB
(T.e. IEPHO/IOB OT OTHOTO CAaMOTO MaJIOBOZIHOTO T'0Jia JI0 APYTroro). B Hauaste mepuozia HabII0eH Ui
HAWMEHBIITUM II0 CyMMe€ OCAJKOB ObLI 1951 T., CJAEAYIOIIUHA -1955 T, 3aTeM 1957,1059 U 1965 T.
OmpenesiuB cpe/iHE 3HAYE€HHE OCAJIKOB M CTOKA 3a THAPOJOTHUYECKHH ITUKJI 1951-1965 IT,
MIOJIYIUM CJIEAYIOIIee ypaBHEHNE BOJHOTO OaaHca 6accerina p.Ilcwuit:

2040 MM = 1940 + 1000 MM HJIHA 100 % = 66,0 % + 34,0 % (2)

[TosyuenHoe ypaBHeHHe (B %) COOTBETCTBYET pacIIpe/ieJIEHUI0 3JIEMEHTOB OasaHca,
MIOJIyYeHHOMY Ha cTramuoHape "AuwbOra" B 1967 THAPOJIOTUYECKOM TroAay, OJIM3KOM IO OCajkaM K
cpegHeMHoroJieTHed HopMe (BbuTiokoB, 2013).

OdyeHb BaXKHO PaCWIeHUTb YKPYIHEHHbIE IMOKa3aTeJd PACXOJHOM dYacTh OajiaHca Ha HUX
COCTaBJIAIOIINE, C TEM, YTOOBI OTUET/INBEE BHIABUTH BOJIOPETYJIUPYIONIYIO poJib jeca (Tabiuna 2).

CymmapHOe WuCIIapeHHe, COCTaBjsAoIee 34 % OT BBINAJAIIIUX OCA/IKOB, BKJIIOYAET:
IepexBaT OCAAKOB II0JIOTOM Jieca, KOTOPBIN OyZIeT 3aBHUCETh OT OCA/IKOB M COCTABJISIET B CPETHEM
13,5 % (T.e. 400 MM), TpaHCITUPAITUIO (€C/TM TPUHATH I10 JIAHHBIM CTaIloHapa "Aubra" B cpelHEM
0K0JI10 380 MM, TO 3TO JIacT 12,9 % OT OCAJIKOB); UCIApEHUE C ITIOYBBI JIETOM — OKOJIO 90 MM (3,1 %)
¥ 3UMOI — 130 MM (4,5 %).

Pacunenenue croka p. Ilcuii mo BHAaM IUTaHWsA, TpUBeAeHHOe B Tabiuile 2, MOJIy4eHO
IIyTEM CPE3KH ITMKOB MaBOJIKOB Ha ruaporpadax croka. [Ipu aTom Ipe/inosiaraaoch, 4To B TeUeHHE
5-7 JHEH IIocje JIOXK/sS CKJIOHOBBIM CTOK, HUMEWIIUA Haubojee 3HAYUTEJIbHBIE CKOPOCTU
JloberaHus, MOJTHOCThIO MIPOUET Yepe3 3aMbIKAIOIIUN CTBOP. B TeueHHe TMAPOJIOTHYECKOTO T'O/a
OBLIIO BBIZIEJIEHO 3 CaMbIX XapaKTEPHBIX IEPHUOJia: HAdyasio XOJIOAHOTOo BpemeHH roxaa (XI-XII),
KOTJZIa OCaJIKU OOBIYHO BBINIQAIOT Ha IMPEABAPUTEIbHO YBJIAXKHEHHYIO IOUYBY; 3UMHE-BECEHHUU
nepuoy, (I-V), korma B OacceliHe IMPOUCXOJUT HAKOIUIEHUWE CHEra W IOCJEAYIOINee ero TasHUe,
u netHud nepuos (VI-X), Kkorza JUBHU BBINAIAI0T 0OBIYHO HA UCCYIIEHHYIO ITOYBY.

CKJIOHOBBIU CTOK B cpefaHeM cocTraBiseT 53 % B X1-XI1, 38 % — B I-V u 43 % — B VI-X ot
royioporo oorema croka. KoaddumuenTsl ckioHoBoro croka B XI-XII m3MeHsIMCh B mpeaesax
0,10-0,41 (B cpemnnem 0,26), B I-V ot 0,23 10 0,40 (B cpemuem 0,30), B VI-X — oT 0,01 710 0,48
(B cpemueM 0,16). Ha Pucynke 5 mpuBezieH rpaduk AMHAMUKNA KO3(POHUIIMEHTOB CE30HHOTO U
roZoBoro croka p. [lcuii 3a Bech epuo HabII0AeHUH. (1945—-1988 ruiposiornyeckue ro/ipl).
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OOBEM CKJIOHOBOTO CTOHA 3aBHICUT OT BEJIMUMHBI M MHTEHCHUBHOCTH JIUBHSI, IIPE/IBAPUTETHHOTO
VBJIQYKHEHUS MTOYBBI, MTHTEHCUBHOCTH BIUTBHIBAHUA U JIpYTUX akTopoB. KoadduiimeHT cK10HOBOTO
CTOKA XapaKTepHU3yeT CyMMapHOe JielicTBHe BeeX hakTopoB. Tak, HOAOPbCKHE U JeKaOPhCKUE JINBHU B
pasHble TO/bI BHIMIAJAIOT KaK Ha YBJIAXKHEHHYIO, TAK U HA HEYBJIAYKHEHHYIO MTOYBY, 1 KO3hPUIINEHTHI
CTOKA BapbUPYIOT BechbMa 3HAYUTENIbHO. B 3MMHe-BeCEHHUM Iepuoi MpPU XOPOIIeEM YBJIQKHEHUU
MOYBBI KOAMODUIIMEHTHI CKJIOHOBOTO CTOKAa JAOCTUTAlOT 0,30, XOTsI WHTEHCHUBHOCTU OCAJKOB U
CHEroTtasgHusd ropa3go MEHbIIIE, 4YEM B OCEHHHE U JIETHHE JIMBHU. Jletom CKJIOHOBbIﬁ CTOK YMEHb-
IIIaeTCs B CPEJTHEM TIOUTH B 2 pas3a, a BapHaIlisA ero HanOOoJIbITas.

KoadbduiiueHTsl CKJI0HOBOTO CTOKA JJis OTAEJNbHBIX IMABOJIKOB IPHU OC3JIKaX 97-216 MM
KO0J1e0/TI0TCs B TIpesiesiax 0,027-0,61, a BO BpeMsI MaKCUMAaJILHOTO 3a BECh IEPHOJ, HAOII0IeHUH
JIUBHSA B UIOHE 1956 T. IpU ocajikax 384 MM K03 UITUEHT CKJIOHOBOTO CTOKA IOCTHUT 0,90.
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OnHako, BbINaJIeHNEe CUJIbHBIX JINBHEH HA OUYEHb YBJIAKHEHHYIO IOYBY B JIETHUU MEPHUOJ,
CJlygaeTcsli JIOBOJIBHO peako. Jlerom ocagku 10 20 MM OOBIYHO He JaloT CTOKa,
a CTOKOOOPA3yIOIIUMHU SIBJISIIOTCS JINBHU 00JIee 20 MM.

Takum o0pa3oM, B CpeIHEMHOTOJIETHEM pa3pe3e BOAHBIN OasaHc OacceiiHa pexu Ilcuid
MOKHO IIPEZICTaBUTH 110 popmyie (1) B CIeAyIoEeM BHIE:

2940 = 774 MM+ (90 MM+ 380 MM+ 400 MM)+ 0+(130 MM+1166 MM)  (3)

WIN B % OT 0CajikoB: 100=26,3+(3,1+12,9+13,5)+(4,5+39,7) (4)

B aTom Gasance mmpeobs1azaer HHGUIBTPAIUS B TOYBOIIOACTUIIAIOIIAE TPYHTHI U CyMMapHOe
ucrnapeHue. Pacuer cyMMapHOTO HCIIapeHUsl KaK Pa3HUIIBI MEXIy OCaKaMH M CTOKOM HMeeT
MPUOIMKEHHBIN XapaKTep Jlaske MPU YCJIOBUU ITOJIHOTO JIPEHUPOBAHUA PYCJIOM PEKU TIyOOKHX
TPYHTOBBIX BOJI, IOCKOJIBKY UMEET MeCTO HacceiiHOBOe peryJMpoBaHue CTOKA.

HaubGoJsiee mpaBwiIbHBIM OyAeT pacdyeT BOAHOTO OajlaHca I OJHOTO WJIM HECKOJIBKHX
TUZPOJIOTUYECKUX ITUKJIOB, T.€. MepHo/ia OT OJHOTO U3 CaMOr0 MaJIOBOJHOTO TOJia JI0 APYroro.
JIlns 6acceiina p. Ilcuii cpegHuil OaylaHC 3a THUAPOJIOTUYECKHH ITMKJI 1951-65 IT. BBITJISIUT
cyIey oM 06pa3om:

B MM: 2940 = 1940 + 1000; (5)

B %: 100,0= 66,0 + 34,0. (6)

OCHOBHYIO YacTh B OajiaHce 3/iech 3aHUMAaeT TJIyOOKOBOZHOE T'PYHTOBOE IMHUTaHHE — B CYMMe
CO CKJIOHOBBIM CTOKOM OHO zocturaetr 66 % maa p. Ilcuii. CymmapHOe HcrapeHne COCTaBJIseT
371eCh OKOJIO 1/3 OaytaHca.

Ha masiom Gaccetine p. Ilcuii 11 OTAEIBHBIX TABOAKOB KO3MOUIIMEHTHI CKJIOHOBOTO CTOKA
(mpu ocazgkax 100-200 MM) KOJIEOJIIOTCSA OT 0,03 710 0,61, a BO BpeMsl MaKCHMAaJIbHOTO JINBHS B
uioJie 1956 T. IPHU cJIoe 0CaKoB 384 MM K03 UIIMEHT CTOKA 3a ITOBOJOK JAOCTUT 0,90. OOBIYHbIE
JKe 0CaJIKU He IIPEBBIIIAIOT 20 MM, U JIETOM CTOKa He JIaloT (CTOKOOOpAa3YIOINMHU SABJISIOTCSA JITUBHU
boJstee 20 MM).

Boaubrii 6as1anc 6acceiiHa p. Kyamnce

Bacceiin peku Kyamnce pacnosioxkeH B ceBepo-3anazHoi yactu bosbmoro Coun, npuMepHO B
7 KM K CeBepy OT mocéska JlazapeBckoe, B 75 KM K ceBepo-3anafay oT llenTpanbHoro paiiona Couu
(Pucynok 1). JlonuHa pexu Kyamce 3axkata mexay AmrelickuM XpeOTOM Ha ceBepe U XpeOToM
Be3bIMsAHHBIM Ha 10Te. Pesibedd MECTHOCTH B HU30BBSIX B OCHOBHOM XOJIMUCTBIHM, B BEDXHEHN UaCTH
TOPUCTBIA C PE3KUMU IepernajaMi OTHOCHUTEJIbHBIX BBICOT M 0OpbhiBamMu. CpemHeB3BellleHHAs
BBICOTa BOjIocOOpa BbI COCTaBJsAeT 322,1 M HajJ YpoBHEM Mops. B BepxoBbsix peku Kyarice
PACIIOJIOKEHBI JIBe TOPHBIe BepmuHbl — My33o0cyky (924 m HYM) u Boatene (931 m HYM). Bes
TeppuTopus 0OacceiiHa 3apocyia TYCTHIM IITHPOKOJIMCTBEHHBIM JIECOM, HMEIOTCS KapCTOBbBIE
TeIepPhI.

l'upporpaduyeckasn cerb mpezicTaBiaeHa pekoil Kyarce u e€ mpuTOKaMu, a TakKe 03€pOM
«Cuactbe». B BepXOBbSAX peka NMPUHUMAET B ceOs MHOKECTBO POJHUKOBBIX PeUYeK pPa3TUUYHOU
BeqIMyuHBL. Takike B 0OacceliHe PEKHM PpACIOJIOKEHBI HECKOJIPKO BOJOIAJIOB, CPEAN KOTOPBIX
HauboJiee BBIJIEJIAIOTCA Bosionaasl — MamenoBa, bepensieeBa bopona, Kynana, bespimsanHas u ap.
[Tepen Bx00M B yIIEIbe JOJTMHA PEKH 3aTPOMOKEHA TJTbI0AMU KEJITO-CEPOTO ITeCYaHUKA.

Kiumar Ha TeppuTopum OacceilHa BJIQXKHBIM DU CPEIHETOZOBOM TeMIlepaType BO3JyXa
0K0J10 +13,5°C, cO cCpeJTHUMU TeMIlepaTypaMU HI0JIsI OKOJIO +24,0°C, U cpeJHUMU TeMIlepaTypaMu
aHBapA okoso +6,0°C. CpeaHerojoBoe KOJUYECTBO OCAJKOB IO /JAHHBIM OJsvkaiiiein
meteoctannmu Coun 1556 MM (cpemHee 3a 113 jieT HabsoAeHuit). [Ipu 5TOM 0CaZIKM XOJIOAHOTO
IIepUOoia COCTABJISIOT 773 MM, a TEIJIOTO Ce30Ha — 784 MM, TO €CTh IPUMEPHO PABHOE KOJTMYECTBO
OCaJIKOB II0 Ce30HAM U OOJIBIIMM Ppa3jIMdusIM II0 WHTEHCUBHOCTU noxkjaed. Ha Pucynke 6
IpeJicTaBjieHa IudpoBass MoJiesib peabeda bacceiina pexku Kyarice ¢ runcorpaduueckod KpUBOU
BOzIOCOOpA.

B agMuHHUCTpaTHBHOM OTHOIIIEHHH Ha TEPPUTOPHUHU Bojiocbopa peku Kyarce pacmosiaraercs
ceno MawmenoBa Illenb, kKoTOpoe € 1965 roja BKJIIOUEHO B cocTaB KpacHoaseKkcaH/IpOBCKOTO
cesJIbCKOTO OKpyTa (HbiHe JIpirorxckuil) Bosbimoro Coun, u AenuTcss HAa TPU MUKpOpalioHaA —
cobctBenHo MamenoBa Illenp, a Takke Bepxasas Mawmenka m Pomaudok. Yerbe peku Kyarice
CUUTAETCs] YacThl0 KypOPTHOTO Tiocesika JlazapeBckoe. I'mziponum Kyamce B mepeBojie c
aZIPITEICKOTO «KBOIICE» O3HAUAeT «KabaH-peKa», TaK KaK paHbIIe 5TH *KHUBOTHBIE BHIOUpPATIA ee
MECTOM CBO€ro Bojiomnosi. He WCKIIIOUEHO, YTO Takoe MMs ObLIO JJaHO peuyIlKe H3-3a OypHOTO
HpaBa BO BPeMsI HEIIOTO/IbI.
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l'uncorpaguueckas kpusas 6acceitna pexu Kyarice

Hopma ocagkoB B yCThe
MpUH4Ta paBHOH 1680 Mm

Puc. 6. lludposasa monens pesnbeda bacceitHa pexu Kyamce (mwromazns Bomocbopa 14,6 KM2,
cpeaHeB3BelIeHHas BbicoTa bacceitHa 329,1 M HYM)
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Ha PucyHKe 7 npeficTaBieHa JMHAMHUKA CE30HHBIX U TOJOBBIX CYMM OCaJ[KOB Ha OJIrKaunIein
K Oacceiiny pexku Kyamce mereocrannuu Couu (Beicota 57 M HYM). 3a 113-JIeTHUH MEPUOJ
HaOJIIOZIEHUI CpelHEMeCSYHble OCAaJKU HU3MEHsUIHCh oT 87 70 180 MM, a MaKCUMaJIbHbIe 3a
MecAlbl — OT 269 10 581 MM. MHOTOJIETHSII HOPMa OCaJIKOB 37IeCh COCTaBWIa 1560 MM 3a
THIPOJIOTHYECKUHA TOJ TPH KOJIeOaHUSAX CE30HHBIX CyMM: 3a XOJIOJHBIH IEPHOJ — OT 348 /10
1180 MM (cpexmHee 776 MM), a 3a TEIUIBIN ITepuo OT 381 /10 1329 MM (cpenHee 784 MM).
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Puc. 7. JluHaM1Ka CE30HHBIX U TOJOBBIX CyMM 0CaJIKOB Ha MeTeocTannuu Coun
3a Bech nepuoy HaboeHnH (1896—2017 THAPOJIOTUYECKHE TObI)

IIpu BoAHO-0a1aHCOBBIX pacyeTax Ji/Isi TOPHBIX BOAOCOOPOB, KaK U MIOKA3aHO BHIIIE, BAXKHBIM
SIBJISIETCSI BEJIMYMHA CYMMBI OCQ/IKOB B YCTHEBOM UAaCTHU BOZOCOOpA, a TAKXKE MPUHATOE 3HAUEHUE
IUTIOBUOMETPHYECKOTO Ko3(dduimenTa (MOBBINIIEHNE OCAIKOB C BHICOTON MecTHOcTH) (BUTIOKOB,
2018). Pacuerpl Mo uMeOMUMCS HAOJIOAEHUAM HAa METEOCTAHIUAX ITOKA3ai, YTO CpeHEee
3HaUeHNEe IUIIOBUOMETPUYECKOTO  Ko3(ddUIHMeHTa [JIi  CPEAHErOPHOM  30HBI  PaBeH:
(3,8+6,5+4,8+4,8+5,8)/5= 5,14 % Ha 100 M. B BbIcOKOTOpPHO¥ 30HE (600-2000 M HYM) cpenuuit
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IUTFOBUOMETPHUYECKUH KO3 GHUITUEHT /I TOJIOBBIX CYMM OCaJIKOB MOKHO MPHUHATH 4,8 % Ha 100 M
nogabeMa. Ecoin IpUHATh YKa3aHHbIE 3HAUEHHs ITOIPABOK Ha BEJIMYMHBI OCAJKOB /I OacceliHa
peku Kyamce (PucyHok 6), To pacueTsl KO3DGHUITMEHTOB CTOKA Oy/IyT IMOJIy4eHbl HeEBEPHbIE (OKOJIO
ITOJIOBUHBI 3HAUEHUN WX OyAyT MPEBBINIATh 1,0, YTO B IPUPOJIe HE MOXKET OBITh). B cBA3HU Cc aTUM
HaMU TPeANpPHUHATA IONBITKA pacueTa IUIIOBUOMETPHUYECKOTO Koa(dduIMeHTa 10 Mmape
meteoctannuii: MC Couun (Beicota 57 M HYM ¢ HOpMOI 0casikoB 1560 MM 3a 67-JI€THUU MTEPUOJ,
napauiesibHbIX HabmomeHui) u MC CosoxAy (BeicoTa 197 M HYM ¢ HOpMO¥ TOIOBBIX OCA/IKOB
2361 MM 3a TOT K€ TIEPUOJT).

[Ipu ykazaHHBIX YCJIOBHUAX B cMeXHOM c OacceiitHoM peku Kyamce 6acceiine peku Illaxe B
HIKHE-TOPHOU 30HE IUTIOBUOMETPUYECKUH TPaINEHT Oy/ET paBeH 17,3 % Ha 100 M MOrbeMa.

s aHanm3a psga HaOMOAeHUH 3a CTOKOM peku Kyarice ObLUTH ITpUBJIEUEHBI MaTEPHUAJIBI
HaOJIIOIGHUH 3a CTOKOM Ha OJM3Jielkalux BojocOopax pek 3amaaHeiii Jlarombeic u Alre.
3a nepwuo/1 apa/ulesIbHBIX HabOJII0/IeHni Ha pekax Kyarce u 3ar. JlaroMbIc 1975—2004 THAP. TOJTBI
OBLI MOCTPOEH XPOHOJIOTHYECKHH TpadHK romoBbIx cymMM cToka (PucyHok 8), a Ha Pucynke 9
MOKa3aHbI TPAadUKH CBSI3U CE30HHBIX CYMM.
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Puc. 8. CpaBHeHHe TMHAMUKH FO/IOBBIX CyMM CTOKa (B MM cJ1051) pek Kyarce u 3anaansrii Jlarombic
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Puc. 9. Cs3b ce30HHOTO cTOKa Kyarce u 3am J[aromsic, 3a X0JI0/IHBIH (c/1eBa) U TEIUIbIH (cripaBa)
ce30HbI (B MM €JI051)
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C mpuMeHEeHHEeM IOJIYYeHHbIX 3aBUCHUMOCTEN ObUIN IPOJJIEHBI IMPOIYIIEHHbIE MEPHOBI
HabJsroieHul B 6acceline peku Kyarice.

Marepwuassl, npuBe/ieHHbIe B Ta0suIle 3, TOKa3bIBAIOT, YTO PACYETHI CTOKA I10 JAHHBIM JIByM
CMEKHBIM BOZIOCOOpaM JIalOT CPaBHUMbBIE DPe3yJIbTaThl, IIX STOM CTOK Ha MajioM BozocGope
p. Kyanice B cpeHeM Ha 150 MM 0oJbllle, 4eM Ha 6oJiee 3HAUUTEJILHOM BoocOOpe p. Allie, UTO
COOTBETCTBYET OOIIUM T'H/IPOJIOTHYECKUM 3aKOHOMEPHOCTSIM.

Tao6smma 3. CpaBHeHUE CPeHUX BEJIMYUH CTOKA IO IMapaUIeTbHBIM HaOJTI0IEHUAM
Ha pekax Kyarce y c. Mamenosa llenp u Aie y c. Are

Cpe € HO CTOKA,
HaumeHnoBanue g?%lgggba XapakTepucTUKu PEATHE HOPMB cF . e — Il;[:é) Hfgﬂenuﬁ
TH/IPOCTBOPA AOEOOPA | eroka Tuppon | Xonomueiit | Teriblii i )
KM ron ce30H Ce30H TOZIBL
Cpenuuit 1492,3 | 935 530,3
P.Ameyc. Ame | 238 MakcumanbHbl | 2885,4 | 2138,4 929,2 1954-1980
MUHUMATbHBIN 689,8 401,1 67,5
P. Kyamce y Cpennuit 1639,2 | 1115,9 523,3
c. MameioBa 14,6 MaxcuMaIbHBIA 2888,7 | 1962,6 1401,2 1954—-1980
lenn MuHNMaJIbHBIH 705,2 320,7 40,5

Ha PucyHke 10 mpesicTaBiieHa AUHAMUKA CE30HHBIX U TO/IOBBIX CyMM cToKa peku Kyarce y
c. MamenoBa Illens 3a Bech mepmon HaOmoneHHH (1945-2004 TUAPOJIOTUYECKHE TOABI) C
BOCCTAHOBJIEHHBIMH IIpOIycKaMu. MOKHO OTMETHUTh pe3Kue KoyiebaHUs KaK TOOBOTO CTOKA
(B mpezesax OT 705 MM B 3aCyIUTUBBIA rof /10 2889 MM — B HanboJiee MHOTOBOJHBIN TO/), TaK U
CE30HHOTO CTOKa. Tak, B XOJIOJIHBIN MEPUO] IIPU CPEAHEN BeJIUUYNHE 1116 MM CTOKa K0Jiebasics OT
321 MM /10 1962 MM, a B TEIUIbII CE30H IIPU CPETHEM 3HAYEHUH 523 MM CTOK KOJIE0AICA OT 40 MM
0 1401 MM. Takum 00pa3oM, CTOK XOJIOJTHOTO CE30HA ITPEBBINIAET CTOK TEIUIOTO Ce30Ha B
2,13 pasa, YTO CBHU/IETEJILCTBYET O 3HAYUTEIHHOM PACXOJIOBAHUHU BJIarM HA BOJOCOOpPE B MEPHUO]
BereTanuu (YIUTHIBAsI, YTO KOJIMUYECTBO BBIMAIAIONIUX OCAJKOB MPUMEPHO PaBHOE II0 CE30HAM —
PucyHoxk 7).

B Tabsnune 4 npuBe/ieHbl pe3ysIbTaThl pacueTa K03(pPUIeHTOB IroZI0BOTO U CE30HHBIX CYMM
croka 1o Oaccetinam pek Ilcuil u Kyarice, BpIlOJIHEHHBIE C YYETOM BBICOTHBIX ITOIPABOK 1A
TOZIOBBIX U CE30HHBIX CYMM OCa/IKOB.

Ha Pucynke 11 mpejcTaBjieHa MHOTOJIETHAA JUHAMHKa KO3(OUIUEHTOB TOJIOBOTO U
CEe30HHBIX CyMM CTOKa peku Kyarce 3a Bech IepuoJi THAPOJIOTUYECKUX HabOI0eHUU. AHAIU3
rpadmka IMOKa3bIBAE€T, YTO KAaK TO/OBBIE, TaK U CE30HHBbIE 3HAUEHHUs STOTO MapaMerpa JIs
OacceifHa TPUOPEXKHBIX MAIBIX 0acCefHOB XapaKTEPU3YIOTCS PE3KUMH  KOJeOAHUSIMH.
Tak, rosjoBble KO3(pDUIMEHTHI CTOKA MPHU CPEJHEH BEJTMYUHE 0,44 U3MEHSJIUCH B IIPEJiesiax OT
0,20 B 3acCyIUIUBbIE TOABI 710 0,88 B MHOTOBOJIHBIE TOJBI; JJI XOJIOJTHOTO TEPUOAA CPEeHSSA
BeJIMYMHA K03 dunpreHTa cToka paBHa 0,55 MPU KOJIeOaHUAX OT 0,17 J0 MOUYTH 1,0; JIS TEIJIOTO
Ce30Ha CpeHsAA BeJIMYNHA 0,32 IPU K0JIebaHUAX OT 0,05 710 0,73.
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Puc. 10. [[uHaMuKa Ce30HHOTO ¥ TOA0BOTO CTOKA peku Kyarice y c. MamezoBa Illens
3a repuo/, HabJII0/IeHuH 1945—2005 ruzposornyeckue rogsl (F = 14,6 kv2)
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O6parmraer Ha ceOs1 BHUMaHUE yMeHbIlIeHHEe K03(G(UINEHTOB CTOKA B IEPUOJ, BETeTal[uu
IIOYTH B JIBa pa3a B CPaBHEHUH CO CTOKOM XOJIOJTHOTO ce30Ha. IIpu 3TOM BesIMurHa BOJHOCTH roJia
HMeeT cy1a0yI0 KOpPeJIAIUIo co 3HaueHneM koaddunuenTa croka (R2 menee 0,3).

Ta6smna 4. Ce30HHbIE U TO10BbIe K03G@UIIMEHTHI CTOKA ¢ Bo1oc6opoB pek Kyarce u Ilcuii
(B 101X OT €IUHULIBL, T.€. CYMMBI CTOKQ, ITO/IEJIEHHBIE HA COOTBETCTBYIOIIHIE CYMMbI OCA/IKOB)

KoaddumuenTs! croka p. Kyarice KoadduruenTs! croka p. [Teuii_
T'uppos.
TOJIbI XOJIOAHBIA Terbii TonoBoii XoJI0aHBIA Tenbii ToioBoit

Iepuos, IIEPUO/L Iepuos, IIEPpUOJ,
1945-46 1,001 0,326 0,601 0,898 0,751 0,84
194647 0,403 0,34 0,367 0,648 0,471 0,551
1947-48 0,56 0,183 0,424 0,677 0,566 0,64
1948-49 0,39 0,285 0,336 0,434 0,601 0,513
1949-50 0,371 0,169 0,266 0,499 0,591 0,544
1950-51 0,392 0,144 0,242 0,558 0,526 0,541
1951-52 0,444 0,286 0,384 0,557 0,748 0,621
1952—-53 0,524 0,226 0,405 0,49 1,126 0,655
1953-54 0,428 0,236 0,35 0,43 0,778 0,565
1954-55 0,243 0,196 0,215 0,5 0,418 0,456
1955-56 0,488 0,302 0,403 0,501 0,78 0,622
1956-57 0,458 0,048 0,339 0,647 0,57 0,63
1957-58 0,586 0,256 0,434 0,9 0,658 0,806
1958-59 0,711 0,414 0,573 0,71 0,653 0,681
1959-60 0,842 0,275 0,524 0,722 0,624 0,676
1960-61 0,492 0,277 0,398 0,572 0,595 0,582
1961-62 0,664 0,316 0,548 0,78 0,704 0,754
1962-63 0,596 0,239 0,443 0,869 0,7 0,802
1963-64 0,605 0,295 0,468 0,765 0,904 0,823
1964-65 0,366 0,415 0,383 0,77 0,813 0,787
1965-66 0,624 0,435 0,536 0,582 0,475 0,529
1966—-67 0,525 0,562 0,542 0,473 0,736 0,59
1967-68 0,734 0,39 0,613 0,646 0,665 0,653
1968-69 0,591 0,181 0,396 0,604 0,472 0,538
1969-70 0,551 0,402 0,48 0,616 0,486 0,56
1970-71 0,867 0,282 0,573 0,654 0,47 0,573
1971-72 0,802 0,701 0,75 0,564 0,508 0,538
1972-73 1,036 0,732 0,881 0,746 0,652 0,692
197374 0,828 0,425 0,664 0,645 0,664 0,653
1974-75 0,54 0,239 0,421 0,521 0,555 0,535
1975-76 0,581 0,451 0,528 0,523 1,055 0,699
1976-77 0,337 0,291 0,318 0,688 0,52 0,589
1977-78 0,784 0,344 0,554 0,529 0,433 0,486
1978-79 0,68 0,174 0,438 0,65 0,268 0,496
1979-80 0,485 0,228 0,338 0,436 0,353 0,383
1980-81 0,479 0,27 0,401 0,648 0,601 0,631
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1981-82 0,688 0,52 0,631 0,554 0,625 0,579
1982-83 0,658 0,235 0,416 0,472 0,696 0,572
1983-84 0,461 0,217 0,345 0,531 0,415 0,483
1984-85 0,77 0,272 0,48 0,544 0,529 0,537
1985-86 0,616 0,238 0,452 0,735 0,425 0,611
1986-87 0,424 0,419 0,422 0,288 0,587 0,388
1987-88 0,495 0,344 0,415 0,525 0,585 0,552
1988-89 0,462 0,285 0,382 - - -
1989-90 0,415 0,11 0,284 - - -
1990-91 0,952 0,669 0,792 - - -
1991-92 0,295 0,423 0,352 - - -
1992-93 0,541 0,251 0,436 - - -
1993-94 0,357 0,209 0,292 - - -
1994-95 0,406 0,311 0,358 - - -
1995-96 0,549 0,331 0,434 - - -
1996-97 0,52 0,32 0,404 - - -
1997-98 0,593 0,528 0,573 - - -
1998-99 0,299 0,133 0,201 - - -
1999-00 0,319 0,135 0,239 - - -
2000-01 0,173 0,325 0,267 - - -
2001-02 0,512 0,283 0,391 - - -
2002-03 0,37 0,305 0,336 - - -
2003-04 0,476 0,388 0,438 - - -
Cpennue 0,548 0,315 0,44 0,607 0,613 0,604
Maxc 1,036 0,732 0,881 0,9 1,126 0,84
Munum 0,173 0,048 0,201 0,288 0,268 0,383
Jler 62 62 62 46 46 46

[TpuBe/ieHHbBIE JAHHBIE CBUAETEIBCTBYIOT O OOJIBIINX Pa3IUYUSIX B GOPMHUPOBAHUU PEKUMA
CTOKa B Pa3JIMYHBIX yacTAx Teppuropuu CoumHckoro IIpmyepHOMODPBA, KOTOpble OOYCJIOBJIEHBI
KaKk pPeXHMOM BBINAJIEHUA OCAJAKOB, TAaK U Pa3JMYUAMU B IIOYBEHHO-DACTUTEJIBHBIX U
reoMop@oI0TUYECKUX XapaKTEPUCTUKAX.
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Puc. 11. /lunamuka ko3¢pHUIeHTOB Ce30HHOTO U TOZ0BOTO CTOKa B Oacceline peku Kyamce 3a

epmuon 1945—2005 TUAPOJIOTHYECKHE TOAbI (B A0JIAX OT eI[-IIbI)
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Ha PucyHke 12 mpejicTaBjieH COBMeIleHHbIN Irpaduk ndMeHeHUU K02(pPUIIMEHTOB CTOKA B
cpenHeropHoi 30He (peka Ilcuil) U HUKHEropHOU 30He (peka Kyarce).
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Puc. 12. MHorosieTHsAA AUHAMUKa KO3(hQGUIMEHTOB T'0OJIOBOTO M CE30HHOTO CTOKA pek Ilcuit u
Kyarice 3a nmepuos mapasuieibHbIX Habt0/1eHuH (1945—1988 ruipoioruyeckue roibl)
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T'omoBoti BojHBIN OaysiaHc GacceliHa peku Kyarice BBIMJIAHUT CIIEAYIOIAM 00pa3oM: B MM
cJ104 3520 = 1539 + 1981 wu B % 100 = 44,0 + 56,0. 371ech 0CaAKN PACXOAYIOTCA Ha 44 % Ha CTOK,
a 56 % yxXoJIUT Ha CyMMapHO€ UCIapeHue.

3a XOJIOAHBIN MEePHO] BOAHBINA OajlaHC B MM cjiosl 1876= 1015+861, uiu B % 100 = 54,8 +
45,2, T.e. B OCEHHE-3UMHUU Ce30H OOJIbIIIE ITOJIOBUHBI OCAJIKOB YXOJUT HA CTOK, U TOJIBKO 45 % —
Ha CyMMapHOe WcrnapeHue. B Teruiblii mepuosa 1644 MM OCaKOB Ha CTOK PacXojlyeTrcsl 533 MM
(31,0 %), a ocrasbHBIE 1111 MM (69,0 %) cocTaBIAET CyMMapHOe HCIIapeEHHE.

4. 3aRJaoueHue

N3okeHHbIE pe3yJIbTaThl aHAIM3a CTAllMOHAPHBIX HAOJIIOJIEHUH JTal0T IIPE/CTaBJIEHUE O
HanOOJIbIIIEM BOAOPETYJIUPYIOIIEM BO3/IEUCTBUM TOPHBIX JIECOB HA BOAHBIN OasaHC TEpPUTOPHUU
CounHckoro ITpryepHOMOPBS, TOCKOJIBKY OBLIH B3STHI BOJIOCOOPHI C JIECHBIMU HaCaKAEHUSMU, HE
3aTPOHYTHIMH WM YMEPEHHO 3aTPOHYTHIMH XO3SHCTBEHHOH JIeATeIbHOCTHIO. O[HAKO, B IpoIecce
XO3SHCTBEHHOTO OCBOEHHS PETrvOHA JIECHAs] PACTUTEHHOCTD IpeTepIeBaeT OOJIbIINE U3MEHEHHU,
YTO BJIEUET 3a cOO0U U3MeHeHHe yCI0BUN (DOPMUPOBAHUS CTOKA ITIOBEPXHOCTHBIX U TPYHTOBBIX BOJI.

Cpenu pacxofHBIX CTaTell BOJAHOTO OajlaHca Ha TEPPUTOPHUSAX, 3aHITHIX PACTHUTETHLHOCTHIO B
CpPeTHEMHOTOJIETHEM paspese, IpeobsiasaeT WHQUIBTPAIIUA B ITOYBOIIO/ICTUJIAIOIINE TOPOIBI
(40 %) u cymmapHOe ucrapesue (0Kosio 30 %).

Jleca crmocoOCTBYIOT HAKOIUIEHUWIO BJIaro3amacoB Ha BOJOCOOPHBIX OaccelHaX B XOJIOIHBIN
nepuoy roza. Kpupasi HCTOIEHUs HAKOIUIEHHBIX B 3UMHUI ITEPUO/, 3aIIaCOB UMEET JJTUTETLHOCTD
BO BpEMEHH OKOJIO 4-5 MecsleB, Osaromaps 4YeMy yYMeEHbBINAeTCs HAIpsKeHHOCTh B
BOJIOCHAOKEHUH palioHa B TEILJIOE BPeMSI T'O/1a.

OCHOBHYIO JIOJII0O pacxojia COCTaBJISIET CyMMapHOe HCIIapeHue. B oTmesbHbIe Tojibl, KOoraa
JIETOM OCaJIKOB BBIIIQJIA€T JIOCTATOYHOE KOJIMYECTBO, HCIIapeHHe TOJIBKO 3a JIETHUH IIePHOI
nocruraer 582 mM. KoadduiimeHT ecrecTBeHHOUH 3aperyIMpoBaHHOCTH cToka Ky uisi GacceiiHa
peku Ilcuii ompenenen Kr = 0,65; mna pexku Kyarce Kr =0,44, a ma JITC “Aubra” Kr = 0,75
(butokoB, 2013). OTrciozla cJeayer, 4YTO JIEBCTBEHHbIe OYKOBble HACKIAEHHUA 00J1a/1al0T
HauOOJIBIINM BO/IOPETYJINPYIOIIUM BO3/IeCTBEM Ha CTOK PeK.
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BoaHbli 6a1aHc 6acceTHOB MasIbIX pek CounHckoro ITppyuyepHOMOpbsI
Hwukonait AstekcanapoBuyu BUTIOKOB 2+ *
aCOYMHCKHUH HaIMOHAIBHBIN napk, Coun, Poccutickas ®eneparus

AnHoTtamuAa. CraThsl MOCBAIEHA aHAJIN3Y THAPOJOTHYECKOTO PEXHUMAa MAaJIBIX PEK
YepHOMOPCKOTO TOOEpekbsi KaBkaza, pacmoyio;KeHHBIX B CPETHETOPHON M HU3KOTOPHOM 30HAX.
Ha ocHoBe I'MC-TexHoOJIOTHI pa3dpaboTaHbl KapThl PacIIpe/ieJIeHUsT BBICOTHBIX 30H 0ACCEHOB 3THX
pek ¢ runcorpaduvyecKUMu KpUBBIMU. /[y cpeiHeropHOi 30HBI CoumHCKOro IIpmyepHOMOpPBSA
MIpUBEJIEH aHAIN3 TUJIPOJIOTUYECKOTo peknma OacceitHa peku Ilcuil ¢ miomanpio Bogocbopa
20,4 KM2 U CcpefHed BBICOTOM 664 M Hag ypoBHeM wMops (mputoka peku Illaxe).
JIJ1s1 XapaKTepUCTUKH TUAPOJIOTUH HU3KOTOPbsS paccMOTpeH Boziocbop peku Kyarce ¢ mromaipio
14,6 KM2, U cpefiHel BBICOTON 322 M, BHajawlleil B UepHoe Mope. YCTaHOBJIEHO, YTO IIPUXO/IHASA
YacTh BOJHOTO 0ajlaHca STHUX PeK B BUJE OCAJKOB, U3MEPEHHBIX HA METEOCTAHIHAX B YCTHEBBIX
yJacTKax peK, fBJAeTcs 3aHWKEHHON H3-3a BBICOTHON 30HAJIBHOCTU BOAOCOOpOB. [[ya ydera
BJIMSAHUA 3TOTO (paKkTOpa ObLIN paccYHUTaHbl ONPaBOYHbIE KO3(MUIIMEHTHI, DPABHbIE YBEJIMUEHUIO
0CaJIKOB HA 4,5 % IIpU IO/TbeMe Ha KaK/ible 100 M — B CpeJJHerOpPHOU 30He, U Ha 17,3 % Ha 100 M
IojrbeMa — B HU3KOTOPHOU 30HE.

B pesysibraTe pacueToB I CPETHETOPHOMN 30HBI YCTAHOBJIEHO, UTO U1 P. [lcuil OCHOBHYIO
JacTh B OasaHce 3aHUMAaET JIyDOKOBOJHOE TPYHTOBOE ITUTAHHE — B CYMME CO CKJIOHOBBIM CTOKOM
OHO JtocTuTaeTr 66 %. CyMmMapHOe HCITapeHHe COCTaBJIsAET 371eCh OKOJIO 1/3 bayaHca.

Jl;is1 HU3KOTOPHOM 30HBI TOJOBOM BOAHBIM OajsaHc OacceiiHa peku Kyarce BBITJISIUT
caeayomuM o0pa3oM: B MM €105 3520 = 1539 + 1981 win B % 00=44,0 + 56,0. 3/1eCh 0CaJIKu
PaCXOZIyI0TCA Ha 44 % Ha CTOK, a 56 % yXOQUT Ha CyMMapHOe HcrnapeHue. 3a XOJIOAHBIN Iepuo/
6oJibllle TIOJIOBUHBI OCAJKOB YXOJUT Ha CTOK, U TOJBKO 45 % — Ha CyMMapHOe HCIapeHHe.
B Temnbiii mepuopg U3 1644 MM BBINAJAIONIUX OCAJIKOB HA CTOK pacxoayercsd 533 MM (31,0 %),
a ocTasibHbIe 1111 MM (69,0 %) cocTaBiisieT CyMMapHOe UCTIapeHHe.

Karouessle ciaoBa: CounHckoe [IpmuepHOMoOpbe, reomopdosiorusa KaBkasa, peqHas ceTs,
GacceliHbI peK, HOPMBI 0CAJIKOB, TUAPOJIOTHYECKUH PEIKUM PeEK.
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Abstract

The Tresnjevik smail river springs at the foot of the Tresnjevik pass (1573 m above sea level),
formed by "Water Source" and "Smaller Watercourse". In the upper course, on the left side,
it receives small streams from the localities of Garevina and Osoja, while in the middle course,
it receives streams Lomovi 1 and Lomovi 2. It flows into Rajova (Rajovic) Rijeka near alluvial plains
Miliéevi¢ and alluvial plains Rajovi¢. In the middle course, the Tresnjevicka River on the left side
formed the alluvial plain of Novovié, at the foot of Lomovi a small alluvial plain on the right and left
side and the most widespread in the basin of Rajova (Rajovi¢a) River — alluvial plains Miliéevi¢.
In TreSnjevickoj smail river their habitat in the river and found the brown trout, which at the
present time there are less and less. There are many reasons for the poor state of the brown trout.
The two most destructive techniques are dynamite hunting, followed by net hunting. On Tresnjevik
environment and you can spend a great time — skiing, walking, doing sports or hunting and fishing,
and the environment itself is a great choice for all kinds of recreation in nature, as well as for all
lovers and admirers of almost untouched nature.
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1. Introduction

Although the social needs for research of rural settlements in our country are indisputable, we
are not able to meet our own current and other needs in this area. In that respect, we lag behind most
European and even neighboring countries. By which we confirm the clearly formulated position of
Jacimovi¢ (1985) that this arises also because studies of large areas are more popular today, in which
the problems of those smaller spatial units cannot be seen at all ... And there are problems
(demographic, social and economic) in each of our villages and surroundings ... These problems may
stem from the general social attitude towards the countryside and mountainous areas, with a lot of
problems and insecurities, and hence, I guess, and disparaging attitude sometimes according to some
work about only one, a rural settlement or its smaller prosorni unit?!”. We hope that this will not be
the case on this occasion.

Starting from the statement of Andri¢ (2005) "that every man is indebted to his homeland",
we felt the need to note something about the TreSnjevickoj smail river. Within the limits of our own
knowledge, we had the opportunity to notice one major shortcoming, that, in the otherwise modest
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processing of rural settlements in Montenegro, almost no attention was paid to this issue. These
were the basic motives and reasons we were guided by when choosing the future topic.

The mentioned decision later had a decisive effect on the choice of the basic wording of the
title, which reads: “TreSnjevicka smail river and enviroment — mountain beauty: geographical
rewiev“. It is obvious that the very formulation of the title of the topic, certainly represents the
starting point for further studies of numerous development issues and the formulation of
economic-geographical strategy for the development of rural settlements with the environment.

2. Methodology

The core of the methodological procedure used in this research is the geographical (spatial)
method and it included Tres$njevicku smail river and environment. The method of observation was
supposed to provide insight into the social environment, through direct observation with
participation, as well as the creation or use of the following sources: oral, written, visual and
biographical (see Riemann, 2006; Huber et al., 2017; Barnwell, Douglas, 2019).

3. Results and discussion

Lieskovsky et al. (2017) citing research Daily (1997), Jianija (2018), Fisher (2010) and
Hamududu and Killingtveit (2012) emphasizes that — aesthetic value can be defined as the pleasure
that people receive from scenic beauty provided by natural areas and landscapes. It is essential for
people’s well-being, for their physical and psychological health. Identification of aesthetic valuable
landscapes is helpful in defining areas to be placed under protection or for landscape planning. The
aesthetic value of a landscape is based on properties of the landform, structures, climate,
vegetation and so on and the way they work together. It is what the landscape offers us but it is
sensed and appreciated subjectively. Lieskovsky et al (2017) further emphasizes that studies on
landscape aesthetics have been carried out since the 1960s. There are two ways to evaluate
landscape beauty: subjective and objective approach. In the first case, the assessment is done by
observer. The evaluation depends on personal factors like age, gender or education. In the second
case, the objective approach is based on expert analysis of the landscape. Standardized approaches
for the assessment and monitoring of landscape aesthetics are still missing (see Leach, Moore,
2010; Nayyeri, Zandi, 2018; Lester et al., 2013). In this text, we indicate only partial images of
landscapes, having in mind the subject of research.

Fig. 1. View of the slopes of Tresnjevik — a masterpiece of nature
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The basis of the landscape and natural beauty of TreSnjevik and its surroundings are natural
resources and their contents: relief, water, biological base, land, forests, pastures, orchards,
Tres$njevica smail river, plants and animals (with their individual aesthetic values) ... The main
characteristic is the number of natural beauties, rarity and mosaic arrangement of these elements
in the landscape. This gives the landscape of Tresnjevik and its surroundings a special aesthetic
value. If we add to this the change of four seasons and dynamism in the plant world (leafing,
flowering, growth of color changes, ripening, decline of leaves and fruits ...), crop rotation in cereal
fields, the presence of artificial creations (settlements, roads ...), we get a complete a picture of a
landscape that is constantly changing (see Rajovi¢, Bulatovi¢, 2018).

Because of all this, it can rightly be said that Tresnjevik, and Tre$njevicka smail river, as its
integral part, have beautiful nature, landscapes. On Tresnjevik environment and you can spend a
great time — skiing, walking, doing sports or hunting and fishing, and the environment itself is a
great choice for all kinds of recreation in nature, as well as for all lovers and admirers of almost
untouched nature. With a very diverse relief, slopes and exposures, the contents of living and non-
living nature that dominate the landscape, form the basis of his landscape.

Tres$njevik Pass — the "entrance door" that separates the tame Bjelasica from the rocky peaks
of Komovi. Unfortunately, few people know about the scale of incredible natural attractions, which
can be found on the Tres$njevicka smail river and its surroundings (the values of flora and fauna,
aswell as geographical and hydrological characteristics of this area and its surroundings,
are incredibly large).
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Fig. 2. Tre$njevik Pass — the "entrance door" that separates the tame Bjelasica
from the rocky peaks of Komovi (www.dinarskogorje.com)

TreSnjevicka smail river springs below the very foot Tresnjevik (1573 mnv). In the spring
part, it consists of "Water Source" and "Smail Watercourse "which move through erosion furrows.
By merging these two watercourses, upper streams are formed TreSnjevicke smail river. The upper
course is characterized by a longitudinal fall of the bed bottom, sudden changes in hydrological
parameters and higher flow energy. It is characterized by deep erosion, in which a narrow valley
with steep hips is formed (characteristic "V" profile). As this is a zone of sediment production
(erosion or degradation of the riverbed), river sediment moves in the bottom. The river route of the
TreSnjevicka smail river is very winding. Descending through the slopes of Tresnjevik and widening its
course, the water overflows over waterfalls, larger streams: Garevine, Osoja and Lomovi, to then spill
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into small vortices, below Lomova Dragoja Rajovi¢a and Kréevine Arsovi¢a and Rajovi¢ where the
depth of the river is the greatest, and its flow the calmest, and it is characterized by a smaller
longitudinal fall of the bottom and more moderate changes in hydrological parameters. The riverbed is
indented, as the longitudinal fall decreases, there is an increasing tendency to curve.

Fig. 3. Author of the text GR on Rajova (Rajovic¢a ) River ( into which flows Tre¢njevi¢ka smail
river) — favorite place to relax in the summer months (Bulatovié et al,2018).

The river sediment is smaller than in the upper course, and erosion and backfilling of the
riverbed are also present. Observed over a longer period of time, the riverbed is stable, because
there is a balance between the energy of the flow and the amount of sediment coming from the
upper stream. The river valley has a greater width and milder slopes, bordered by banks —
overgrown with vegetation. On this move, the course of the TreSnjevicka smail river gained in
width and lost in speed. Along the coast, which gently descends towards the water, there are
already flood zones — alluvial plains Rajovi¢a and Miliéevic¢a. Livestock that once lived on nearby
pastures and meadows, was a source of organic ingredients, which reached the water by washing,
which created more favorable conditions for the development of aquatic vegetation, and thus small
aquatic invertebrates, which find shelter in lush vegetation. The accumulation of mineral material
in the whirlpools creates a basis for the development of scarce aquatic vegetation and algae,
especially in its lower course, between alluvial plains Milicevi¢a, Kréevina Rajovi¢a and alluvial
plains Labovi¢a, where TreSnjevicka smail river flows in Rajovu (Rajovi¢a) River. Thus, the lower
course begins with the entry of the smail river into the alluvial plain, so it is characterized by a
small longitudinal fall. This is the zone of backfilling (rising of the riverbed), in which the sediment
arrived from the basin is kept. The riverbed formed in a relatively small sediment is unstable, with
pronounced lateral erosion, and the river valley is wide, with a very slight slope. At first glance,
almost barren — the Tresnjevicka smail river is not completely lifeless. Here and there, in the
shelter of large stones, in the "lee", some algae grows, or a stalk of aquatic vegetation rises from a
pile of rotten leaves that falls into the smail river. In Tre$njevickoj smail river almost the only
natural food for extremely thinned brown trout, which has been almost non-existent in the last few
years. The author of this text, G.R. he remembers his student and business summer vacations,
which he spent to a great extent on this river, as well as on Rajova (Rajovi¢a) River and enjoyed
fishing for brown trout (hand-catching fish under a rock) together with his father and the locals of
the rural settlement Gnjili Potok. There are many reasons for the poor state of the brown trout
population. Brook trout, as a valued consumer fish, are poached in all possible and impossible
ways. The two most destructive techniques are dynamite hunting, followed by net hunting. At the
same time, we are witnessing poaching with fishing tackle, which also takes a big toll. Among such
anglers, those who use live baits are in the lead. The entire burden of the fight against poachers is
currently falling on the backs of the fish guard service. However, it has several serious obstacles.
One of them is the lack of manpower to cover all these, as a rule, very inaccessible terrains, such as
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the terrain of Rajova (Rajovica) Rijeka. Trout water as it is and Tresnjevicka smail river, you should
first of all keep it, and only then think about restocking. In our country, it is the other way around,
so they first resort to restocking, and only later think about storage. As long as poaching roams our
waters, restocking doesn’t make much sense. If at least some things were put in the right place, first of
all he would prevent poaching on Rajova (Rajovi¢a) River, limited overfishing by sport, and carried out
moderate restocking, but done in the right way, many of our trout rivers, including TreSnjevi¢ku smail
river, would simply be reborn and fly fishing on them would become incomparably better.

4. Conclusion

Our research evidence based on similar (Rajovi¢, 2009; Rajovi¢, Rajovi¢, 2010; Rajovic,
Bulatovi¢, 2012) investigated indicates the following:

1. The small number of relevant sources and the great lack of adequate (scientific and
professional) literature have objectively had a limiting effect on the quantity, quality and degree of
completeness of the treatment of the presented issues (see Vesovi¢, 1935; Lutovac, 1975; Dasic,
1986). Complex geographical research of Tresnjevik and the surroundings of the relatively clearly
individualized whole has not been conducted so far.

2. When it comes to the lack of literature, we also mention the fact that until fifteen years
ago, there was not a single complete text that treated Tresnjevik and its surroundings from the
point of view of any scientific discipline. It was not until 1995 and 1999, respectively, that the first
informative reviews appeared. These are the books of Rajovi¢ (1995) "Gnjili Potok and Tres$njevik"
and Rajovi¢ (1999) "Time and people". The mentioned books give a historical-sociological overview
of this area and its surroundings and make a modest contribution to the knowledge of this issue, so
we used it as such in our research.

3. More detailed research is conducted by one of the authors of this paper GR or in
collaboration with JB (see Rajovi¢, 2009; Rajovi¢, Rajovi¢, 2010; Rajovi¢, Bulatovi¢, 2012; Rajovic,
Bulatovi¢, 2013; Rajovi¢, Bulatovi¢, 2013; Rajovi¢, Bulatovi¢, 2013; Rajovi¢, Bulatovi¢, 2014;
Rajovi¢, Bulatovi¢, 2014; Rajovi¢, Bulatovi¢, 2015; Rajovi¢, Bulatovic, 2016).

4. The basis of the landscape and natural beauty of Tresnjevik and its surroundings are
natural resources and their contents: relief, water, biological base, land, forests, pastures, orchards,
Tre$njevica smail river, plants and animals (with their individual aesthetic values) ... At first glance,
almost barren — the Tresnjevicka smail river is not completely lifeless. Here and there, in the
shelter of large stones, in the "lee", some algae grows, or a stalk of aquatic vegetation rises from a
pile of rotten leaves that falls into the smail river.

5. There are many reasons for the poor state of the brown trout population in Tre$njevicka
smail river. The two most destructive techniques are dynamite hunting, followed by net hunting.
At the same time, we are witnessing poaching with fishing tackle, which also takes a big toll. If at
least some things were put in the right place, first of all he would prevent poaching Tresnjevicku
smail river, would simply be reborn and fly fishing on them would become incomparably better.

The TreSnjevicka smail river with its surroundings inspires poets, painters, historians,
geographers, archaeologists and others to dedicate their verses, photographs, films and texts to it.
It is difficult to paint the Tre$njevi¢ka smail River, it is even harder to describe it, because there is
always something left that must and can be said.
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Abstract

Based on the observations of 12 meteorological stations, the statistical structure of heat and
cold waves in Georgia has been investigated. The average continuous, total, and longest
wavelengths, the probability of their realization, the distribution area, and the repeatability period
are determined. The long-term course of the total duration of the waves of heat and cold is
investigated. The rate of change, the coefficient of determination and the criterion for the statistical
significance of changes were estimated.

The average total duration of heat waves per year in Georgia ranges from 13-20 days, with a
maximum on the Black Sea coast and in the mountains. The total duration of cold waves is
10-14 days, with a maximum on the Black Sea coast, in the Colchis Lowland and on the plains of
Eastern Georgia. The greatest total duration of heat waves is 40-90 days, and the greatest total
duration of cold waves is 20-50 days.

The continuous duration of heat waves ranges from 6-11 days and averages over the territory
of about 8 days, and the duration of cold waves ranges from 6-8 days and averages 77 days, which is
in good agreement with the process of transformation of air masses.

Keywords: heat and cold waves, duration, probability, repeatability, rate of change,
statistical significance.

1. BBegeHnue

Hemepuonnueckue W3MeHEHUs TEMIIEPATYDPhl BO3/AyXa, WJIH €€ Tepenajibl SBIISAIOTCI
CYIIECTBEHHOH YePTOH KIMMATUYECKOTO PEKUMA TEPPUTOPUU. XOTS TaAKHE U3MEHEHUS CITyIalOTCs
MeJJIEHHee U WX TPY/JHEe YBUAETh, YeEM TOPHAJ0 WJIH 3€MJIETPSCEHHE, OHAKO IIPEJICTABJISIOT
co00#l cMepTeNIbHYI0 OIACHOCTh i oOiiectBa W Ipupoapl. C HUMH CBA3aHBI ONACHbIE U
CTUXUHHBIE THIPOMETEOPOJIOTHYECKHE SABJIEHUS, TAKHE KaK 3aMOPO3KH, 3aCyXU, CHJIbHBIE JINBHU U
CHETOTMa/ibl, IITOPMOBbIE YCUJIEHUS BETPA, TOJIOJIE, TYMAHBI.

Hawubosiee ymo6HOI dopMoOii Tpe/icTaBIeH!s] HEIEPUOIUUECKUX U3MEHEHUH TeMIIepaTyphl
BO3/lyXa SIBJIAIOTCS BOJIHBI TeIJIA WJIM XOJIOAA. BOJIHBI TeIyla M XOJIO/Ia PACCMATPUBAIOTCA KakK
O/THOMEpHbIE BpeMEHHbIE IPOIlecChl M3MEHEHUsl aHOMaJui TeMIlepaTyphl Bo3ayxa. CoryiacHO
onpeznenenuio C.IT.XpomoBa BosiHA TeIlyIa 3TO 3HAUYUTENIbHOE MOTEIJIEHNE, PACIIPOCTPAHAIONIeeCs
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B OIIpeJ/IeJIEHHOM HAaIlpaBJIEeHUU, CBSI3aHHOE C aJBEKI[HMEeH TEeIION BO3ZYIIHOW Macchl, a BOJIHA
X0JIOZIa 3TO pe3Koe IOHWKEHHE TeMIIEpPaTyphbl, PACIPOCTPAHSAIOIIEECS TAKXKe B OIPe/eIEHHOM
HaIpaBJIEHUW U CBSI3aHHOE C BTOP’KEHHEM XOJIOJTHOW BO3AYIIHOW MAacChl, IJIaBHBIM 00paszom,
U3 BBICOKHX MHPOT (XpoMmoB, MaMOHTOBA, 1974).

M3BecTHBI pa3IMUHbIe KPUTEPUH BBISIBJIEHUS BOJIH TeIIa M X0JI0/Ia, HAIpUMED, BOJIHA TeIlla
ompeziesisieTcss KJINMaTUYECKH Kak IepPUoJ] BPEMEHH IPOJIOJKUTEIBHOCThIO OoJiee ABYX JTHEH
MOJIPsiZl, B KOTOPOM CPEAHssA CyTOYHAs TeMIlepaTypa CYIIECTBEHHO ITPEBBIIIIAET MHOTOJIETHIOKO
CPEHIOI0 TEMIIEPATYPY /IS 3TUX AHEH rofa (Hampumep JUist 3UMHUX JHeH Ha 3—5 °C, 171 JIeTHUX
— Ha 2—3°C u T.1.). AHAJIOTHYHO OmpeesaioT BoJHy xosonaa ([lyinesa, [lenp, 1963; Mopososa,
2012). /Ipyrue aBTOPHI 32 BOJIHY TeIUIa W X0JI0Zla IOHUMAIOT U3MEeHEeHWe TeMIIepaTyphl Ha 5°, 10°,
WIN Ha JABYXKPATHYIO BEJIUUYHHY CPEIHETO0 KBaJPAaTUUECKOTO OTKJIOHEHU U T.J. (ApXaHTeTbCKUH,
KotoBa, 1966; Cpe3neBckuii, 1899; Xpabpos, 1949). BosHbI Telia U X0JIoAa ONpPeNessiId TaKKe
Kak 5 win Oojiee JMHEU MOAPSAJ MPOAOJDKUTESHLHON »Kapbhl WJIM MOpPO3a, B KOTOPOW JHEBHas
MaKCHUMaJIbHasA (MUHUMa/IbHAsI) TeMIlepaTypa Bblillle (HIJKE), YeM CpeIHSAs MaKCUMaJbHas
(murUMasbHas1) Temieparypa Ha 5 ° C win Gosee. ("Heat wave|meteorology". Encyclopedia
Britannica. Retrieved, 2019). ®.T. XapauwmiuBa BOJIHBI TeIIa W XOJI0/Ja HAJ 3aKaBKa3beM
OTIpeiesIsiyl U3 CHHONITHYECKUX cuTyarui (Xapuuiasa, 1970).

HarmonasnipHass Mmeteoposioruueckas cry:k6a CIIIA 6osbliioe BHUMaHHE y/IeJIsieT YCUIEHUTO
3aIUTHl CEJIBCKOTO XO3SIMCTBA, IPOMBIILJIEHHOCTH, TOPTOBJIU W COIMAJIbHOUN MEATETBHOCTA OT
BOJIH X0JI0/1a — OBICTPOTO Ia/IEeHUsT TEMIIEPATYPhI B TEUEHUE 24-YaCOBOTO MepHoa. 3a KpUTepPU
XOJIOJTHOM BOJIHBI NPUHUMAETCA MHHHUMAaJbHas TeMIlepaTypa, KOTopas 3aBHUCHUT  OT
reorpaduueckoro pernoHa u Bpemenu rozaa ("Cold Wave". AMS: Glossary of Meteorology).
Kpureprem MOXeT cuuTaTbCs HanmpuMep yMeHbleHHWe Temieparypbl Ha 7°C, T.e. Ha 20°F
(Borenstein, 2014). NnaTeHcuBHass BosHa xosioga B CIIIA xiaccuduIupyeTcss Kak BCITBIIIKA
X0JI0AHOTO Bo3ayxa (Smith, Sheridan, 2018).

JlnA XapaKTepUCTHKH BOJIH TeIla ObUI BBEJeH HJIEKC MarHUTYAbl TEIIOBOK BOJIHBI
(HWMId), KOTOpBIY MCIIOJIb30BAJIM PSJT aBTOPOB JIJISI BBIUKCJIEHUS ITPOIOJI?KUTEIBHOCTA U JIAThI
Hayasia coOBITHA TeIIoBOH BoiHbI (Beniston, 2007; Schar et al., 2004; Russo et al., 2014). Uunexc
MAaTHUTYbI TETIOBOM BOJTHBI OIIPE/IEJISIETCS U3 e3KeTHEBHBIX JAHHBIX, KaK MOCIIEI0BATEIbHOCTD U3
3 win OoJsiee fAHeN, B KOTOPOH JHeBHas MaKCUMaJibHasg TeMIlepaTypa IIpeBBIIIaeT QO-U
MIPOIIEHTWIb JIHEBHON MaKCHMaJIbHON TEMIIEpATyPhl 3a 31-CYyTOYHBINU, 6a30BbIH IEPUO/I.

YayuiieHHast Bepcus WHJAEKCAa MarHUTY/AbI TEIIOBOW BOJIHBI ObLIa MCIOJIb30BaHa Russo u
np. (Russo et al., 2015). HMcmonbp3yeMblil B JaHHOM CJIydae METOJT PaHKMPOBAHUS BOJIH TeIlia
IIO3BOJIMJI BBIZIEJINTh UK MAarHUTYAb, W B pe3yJbTaTe IPOAHAJIU3UPOBATh 10 HaumboJiee
WHTEHCUBHBIX BOJIH Telula B EBpome HaumHas ¢ 1950 roja ¥ CMOJIEJIMPOBATh UX IOSBJIEHUE B
OIMsKaHInye JecATUIeTHS.

CrenuasibHble KOJUYECTBEHHbIE KPUTEPUU JUUISI BBIABJIEHHWS BOJIH TeIJIa W XOJIOZa,
B OCOOEHHOCTH JIJII HCCIEAOBAaHMUSA KIMMATUYECKHUX W3MEHEHHH B YCJIOBHAX TIJI00AJTBLHOTO
MOTEIUIEHNSA, OBUIM  TPEJIOKEHBl  AKCIIEPTHOW TPYIIIOM MOHUTOPHHTA U  HWHJIEKCOB
MeKrocyapCTBEHHOM KOMMHMCCHU SKCIIEPTOB 10 u3MeHeHuUo kiaumata (MI'QUWK) OOH
BcemupHoii Meteoposiornyeckoit Opranuzanuu (BMO) (Climate Change Indices; Peterson, 2005).

ITU KPUTEPUU-KIITMTMATHUYECKUE UHEKCHI:

1. WSDI — yucsio iHel B TOAy, KOTJla MUHUMYM B TeUeHUU 6 mHel moapsaa Txi>Txin90;

2. CSDI — yucio iHe# B rofy, KOrjla MUHUMYM B TeueHUHU 6 JiHel moapsas Tn;<Tnin10;

rme Txij — MakcuMasbHas CyTOYHAas TeMIlepaTypa, Tnj — MHHHMaJbHasA CyTOUYHAs
TeMmepaTrypa, TxinQO0 — TIOPOroBOoe 3HAUYEHHWE TeMIIepaTypbl, COOTBETCTBYIOIEE QO %-My
MPOLIEHTIJII0O MAaKCHUMAaJIbHOU TeMIlepaTypbl, Tnix10 — IOpOrOoBOoe 3HAaUeHHE TeMIIEPATyPhI,

COOTBETCTBYIOIIEE 10 %-My HPOIEHTHJII0 MUHUMAJIbHON TeMmeparyphl. [lepBblii M3 HHIEKCOB
XapakTepusyeT BOJIHY TeIlIa, a BTOPOU — BOJIHY X0JIOZA.

B nanHOIl cTaThe uHcCCIeyeTcs CTAaTUCTUYECKAas CTPYKTypa BOJIH Tella M XO0JI0/la Ha
Teppuropuu I'pysuu. OmnpeziesieHbl UX CpeIHsAA, CyMMapHas U HauOoJIbIIas MPOJOJIKUTEIBHOCTH,
BEPOATHOCTh PeaIn3aluy U NepUo/, MOBTOpseMocTU. Vceae0BaH MHOTOJIETHUH X0/ CyMMAapHOM
MIPOJZIOJIPKUTEIBHOCTH BOJIH TeIljIa U X0JI0/a.
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PervoH uccjaeaoBanus

'py3usi pacrosioskeHa B Ioro-zamagHoil uyactu KaBkasza, Ha pyOexxe Cpeau3eMHOMOPbS,
apuaHoi Apano-Kacnuiickoit BuiuHbI U Haropuii [lepenneit Asuu. Ee mwiomaap cocrasiseT 69.7
ThIC. KB. KM. Ha ceBepe u BocToke I'py3ust rpannunT ¢ Poccueid, Ha 1ore — ¢ ApmeHuer u Typruei,
Ha I0r0-BOCTOKe — ¢ A3epbatimkanoM. Ha 3amnaze ombiBaeTcst Bojlamu YépHoro mops (PucyHox 1).

p %

Puc. 1. 'eorpadrueckoe nosoxxenue I'pysun

IIpupoga I'py3um upe3BpIUAaiHO pas3HooOpa3Ha Oiyaromapsi e€ reorpaduyeckoMy
MOJIOXKEHUIO, CJI0KHOMY pesibey W BBICOTHOM 30HAIBHOCTU. I'py3us HaxOAUTCA HaA CTBIKE
BaakHoro Cpeau3eMHOMODbsI, apuaHON OecctouHOl  Apaso-Kacmuiicko BHAguHBI U
KOHTUHEHTAJIbHBIX IlepeqHeasmaTcKuxX HAropui, 4YTo OOYyCJIOBIMBAeT MHOTooOpasue eé
MIPUPOJIHBIX yesaoBui. Ee 3amaiHsasa yacTh HAXOAUTCSA MO/ BJIMSHUEM CyOTPOIIMYECKOTo KJIMMATa, a
BOCTOYHAs YaCTh — II0JI BJIUSHUEM cpein3eMHOMOpcKoro. bosbimoit KaBkasckuii XpebeT CIry:KuT
6apbepoM J1JIl XOJIOHBIX CeBEPHBIX BETPOB.

Bosiab! Temta u xosoza B I'py3un BBI3BIBAIOT pe3Kre U3MeHeHUs noro/bl. OHU CBSA3AHBI C
BTODXKEHHEM TeIUIBIX WM XOJIOAHBIX BO3AYIIHBIX MacC C 3amajia WM C BOCTOKA. 3alaJiHble
Iporeccel MpeobsIaaloT B TeueHHWe Bcero roza. OHUM BO3HHUKAIOT NPU IPOXOXKIAEHUU HAaJ
3akaBkazbeM Cpean3eMHOMOPCKOTO IMKJIOHA WJIH TTyOOKOW OapuYecKOU JIOKOUHBI, CBS3aHHOU C
aTJIAaHTHYECKUMU ITUKJIOHAMHU. BOCTOYHBIE TmIporiecchl HAOIOAAIOTCA, TJIABHBIM 00pa3oM B
XOJIOAHBIN TEPUOJ, TO/A, KOT/a HaJl 3aKaBKa3heM YCTAHABJIMBAETCS 00JIaCTh BHICOKOTO JIABJIEHHUS,
a Ha YepHOe MODe ¢ 3amajia pacIpoCTPaHsIeTCs IUKIIOH (Dm3bapairBuim, 2017).

BosHbl Tema GpOpMUPYIOT KapKue AHU, KOTJa MaKCHMaJibHas TeMIlepaTypa IMpPeBbIIIAeT
25°. Ha YepHoMopckoM nobepeskbe KapKue JHU HAUMHAIOTCA ¢ MapTa U JJIATCA 10 OKTAOPH, a BO
BHYTPEHHUX paiioHax Kosxujckoli HM3MEHHOCTH OHU OTMEYAIOTCA Jake B HOsI0pe. B romoBom
X07le HauboJIblilee YHCJIO0 )KAPKUX THEH, a TaK:Ke UX MaKCUMaJbHAasA UHTEHCUBHOCTb OTMEYAIOTCSA B
aBIyCTe, COCTaBJISIsI COOTBETCTBEHHO 25-27 NTHEW U 40-42°. Ha paBHuHax Bocrtounoit I'pysuu
JKapKue JHU JUIATCA ¢ ampesis MO OKTAOpb. ['070BOMl MakcuMyM dYMCIa KApKUX JHEH U HuX
WHTEHCUBHOCTH HACTYyIAeT B HIOJIe-aBIyCTe, COCTABJASA COOTBETCTBEHHO 26-28 nHell u 38-40°.
ITepuop HacTyIUleHUs KapKUX JIHEH B ropHbIX patioHax Bosbimoro KaBkasza jiurea ¢ masd mo
OKTAOpb, a Ha KOHO-I'py3HHCKOM Haropbe — ¢ UIOHA MO CEHTAOpPh. MakCUMyM B TOZJOBOM XOJI€
Yyucsia JHEH U UHTEHCUBHOCTU HACTYIAeT B UIOJIe-aBTYCTe, JJOCTUTasA COOTBETCTBEHHO 6-22 HEU U
33-35° (9u3bapamBuIn u ap., 2017; 2018; Elizbarashvili et al., 2017).

BosiHBI XOJ10/1a 3UMOM TPUHOCAT MOpO3bl. B Hambosiee XOJIOHBIE 3UMBI TeMIIEpaTypa
BO3/IyXa B NMPHUOPEXKHBIX 1 HU3MEHHBIX pailoHax 3amagHoi ['py3un MOKeT MOHU3UTCA JO MUHYC
10-20°C, B paBHUHHBIX U IPEAropHbIX palioHax Bocrounoil I'pysum — no0 mMuHyc 20-25°C,
a B TOPHBIX U BBICOKOTOPHBIX panioHax HO»kHo-I'pysunckoro Haropbss u bosabmioro Kaskaza —
JIo MUHYC 35-42°C (Qm3bapainrBuiIg 1 ap., 2019).

Bpicokme  JileTHHE  TeMIepaTypbl  IMOBBIMIAIOT  MOTPEOHOCT B DHEPTUH  JJIA
KOHIMIIMOHUPOBAHUA BO3/yXa, YBEJMYUBAIOT TEIUIOBYI0 HATPy3Ky Ha CeJIbCKOXO3SHCTBEHHbBIE
KyJITYPbl M MOTYT CO37laBaTh OIIAaCHBIE YCJIOBUA JJI 3/10pOBbA uesoBeka. Huskue 3uMHUE
TeMIepaTypbl MOTYT BbI3BAaTh Pa3pyIINTEIbHbIE MOPO3bl U 3aMOPO3KH, YBEJIMIUTDh IOTPEOHOCTD B
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OTOIUIEHWHW W MOTYT HApyIIUTh ABI>KeHHe TpaHcropTa (Garcia-Herrera et al., 2010; Meehl,
Tebaldi, 2004).

2. MaTrepuaJjbl 1 METOAbI

B uccienoBaHuu HUCHOJIB30BAaHBl apXWBHBIE Marepuanbl UHcrutyta I'mapoMeTeoposioruu
I'py3um 1o 12 MeTeopoJIoTUYecKUM CTaHIUAM. CTaTUCTUUECKUE XapaKTEPUCTUKH PAaCUMTaHbI 3a
nepuoa, 1961-2010 To/bl. MHOTOJIETHUH XOJ, IPOJOJDKUTELHOCTA BOJIH TeIIa U XOJIOZA
paccMoTpeH 3a 6oJtee JTUTETHHBIN iepuol. B uactHocTH st TOMIMCH UCTIOTb30BAHBI MAaTEPHUAJIBI
3a mepuos 1885-2015 rozpl, a o ApyruM OyHkTam — batymu, Ilotm u /Jlemomaucukapo
HCII0JIF30BAHbI MaTepUaJIbI 32 IIEPUO] 1955—2015 TOABI.

OxHa U3 OCHOBHBIX TPeOOBAHUM, ITPEIbABIIAEMBIX K PATAM METEOPOJIOTUIYECKUX DJIIEMEHTOB,
COCTOHUT B TOM, YTO OHH JIOJKHBI OBITh CPAaBHHUMBI MeKay co0oil. C yueToM 3TOTrO TpeOOBaHWUS
JKeJIaTeJTbHO UMETh JIAaHHBIE TI0 BCEM CTAHIHMAM 3a eIMHHBIA Iepruo HabmoaeHun. K coskaeHuro,
nocsie pacraga CCCP GbLIM 3aKPBITHI BBICOKOTOPHBIE METEOPOJIOTHYECKHE CTAHITUH, KOTOPBIE TI0
Hacrosllee BpeMsa He (PyHKIHMOHUPYIOT. 1l03TOMY /171 PAaBHOMEPHOTO OCBEIEHUsI TePPUTOPUU
JIAHHBIMH OBLIM HCITOJIb30BaHbI TAKKE JIAHHBIE HAOJII0/IEHUH BHICOKOTOPHBIX METEOPOJIOTHYECKHIX
CTaHIIMH, IEUCTBYIOIIUX 10 1992 rojia (Kazbern u MaMuCOHCKUH T1€ep.).

JIs2 BOCCTAHOBJIEHUsI OT/IEJIBHBIX IIPOIYIIEHHBIX JAaHHBIX B psfilax Oblyla KCIIOJIb30BaHA
MHOTOKPAaTHO ampoOWpoBaHHASA HAMHU cJeayoIias mporeaypa. CocTaBIsIUCh KOPPEJSIMOHHbBIE
MaTPUIIBI I BCEX CTAHIIMK M Ha OCHOBE UX CTaTUCTUUYECKOTO aHAJIN3a, a TAK)Ke C yIeTOM (PU3UKO-
reorpadpmyecKux YCI0BHUU MECTOIIOJIOKEH S CTaHIUH BBIABJISIJIACH TPYIIIIBI
BBICOKOKOPPEJIMPYEMBIX CTAaHIINH, KO3MOUIMEHTHI KOPPEISIHUUA MeXKAy KOTOPBIMU ObLIH
3HAUYUMBbI Ha yYpOBHe 95 % wu OoJsiee. [lasiee BHYTpH Ka’KJIOW TPYHIIBI HPOIYIIIeHHbIE JTaHHBIE O
TeMIepaType OIpEeNe/sINCh NPUMEHEHHEM METO/a COOTBETCTBYIOIIMX pasHocTed. B ciaydae
BOCTQHOBJIEHUSI YHCJIA JHEH C OIpeJieJIEHHOM BOJHOU TIPUMEHSJIC METOJ[ OTHOIIEHUU
(BymzbaparBuwIH U Ap., 2017; 2018; 2019).

Knumaruueckue unzekcbl BoH Teiuia WSDI u BosH xosnoma CSDI paccuuThiBaIUCh 1O
metoauke BMO (Climate Change Indices; Peterson, 2005):

1.  WSDI — umncso sHeH B rofy, KOrjaa MUHUMYM B TeueHuu 6 queit noapsasn Txi>Txin90;

2. CSDI — umucyo HeH B TOAy, KOTJla MUHUMYM B TeueHuu 6 quel noapsaa Tni<Tniy10;

rae Tx; — MakcumasbHasg CyTOYHas TeMIepaTrypa, Tnj — MHHHUMajgbHasg CyTOYHAas
TeMIlepaTypa, TXin — QO-IOPOTOBOe 3HAa4YeHHe TeMIepaTypbl, COOTBETCTBYIOIlee QO %-My
MPOLIEHTWJII0 MaKCUMaJIbHOU TeMIlepaTypbl, Tnj,10 — IOpOroBoe 3HAaUeHHe TeMIepaTyphl,

COOTBETCTBYIOIIEE 10 %-My ITPOLIEHTUII0O MUHUMAJIbHON TEMIIEPATYPHI.
[Tepros MOBTOPSEMOCTH BOJIH TEILIA U X0JIOZA PACCUYUTHIBAJICS IO OPMYJIE:
T=1/P, (1)

rae P — rogoBas BEpOATHOCTb.

TpeH1 MHOTOJIETHETO U3MEHEHUS ITPO/IOJBKUTEIHHOCTH BOJIH TEIJIa U X0JI0JIa OIIEHUBAJICH C
IIOMOIIbI0 P —KPHUTEPUsI CTATUCTUYECKOW 3HAYUMOCTH, IPEJICTABJISAIONIEH COOOH BEPOSTHOCTH
OIIMOKY MPY OTKJIOHEHUH HYJIEBOU TMIIOTe3bl. B KauecTBe HYJIEBOU TUIIOTE3bI OBLIIO MIPUHSATO, YTO
MHOTOJIETHEe H3MeHEHHe 4uYncjaa [gHeld wuMeeT CaydadHbIA xapakTep. COOTBETCTBEHHO
aJITepHAaTUBHAs THUIIOTE3a, HCK/IIOYAIOIIAsl HyJIEeBYIO, O3HAJajla MCTUHHOCTh €e H3MEHEHHUs BO
BpeMenu. Ecii 3HaueHue p Masio (MeHee WM PaBHO 0.05) HyJIeBas TUIIOTE3a OTBEPrasiach U TPEH/T
CYUTAJICSA 3BHAYUMBIM.

3. O6cy:kneHue
B Ta6ﬂHHe 1 npeacTaBJI€EHbl CTATUCTUYECKHUE XapPAaKTEPUCTHKH BOJIH TEIlJIa U XOJioda AJiA
IIYHKTOB, PACIIOJIOZKE€HHBIX B PA3JIMYHBIX (1)I/ISI/IKO-I‘eOI'pa(1)I/I‘IeCKI/IX YC/I0BUAX.
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Taoaunma 1. Craructuyeckue xapakTepucTHKH BoaH Temia(wsdi) u BoiH xosoma(csdi):
n — cpeAHAs CcyMMapHas MPOAOJDKUTENBHOCTh (CYyTKHM); nmax — HauboJIbllIas cyMMapHas
MPOIOJIKUTENBHOCTS (cyTKH); N — cpemHsia HempepbiBHAsA IMIPOIOJIKUTEILHOCTD (CYyTKH);
P — ropoBas BeposTHOCTb (%);T — mepuosn nmoBTopsiemoctH (Jter) (Paiionbl: 1 — YepHOMOpCKOE
mobepexxbe n Koixujckas HU3MEHHOCTh; 2 — PaBHUHBI U TPeAropHble paiioHbl BOCTOUHOM
Ipysun; 3 — JIuxckuii xpebet; 4 — KOxxHO-I'py3unckoe Haropwe; 5 — bosbmioit Kapkas)

Paiion IIyHKT wsdi csdi BricoTa,
M
n n N P T n n N [P T
max max
1. ITotu 20 85 10 43 23 | 8 17 7 | 21 4.8 |1
Barymu 15 48 6 24 4.2 | 13 51 8 | 45 22 |5
Kyraucu 14 56 10 45 22 |14 32 7 |33 3 114
2, Tounmucu 15 42 8 51 2 13 36 7 | 30 3.3 | 403
TenaBu 16 52 9 59 1.7 |13 47 8 | 42 2.4 | 568
Henomnuc-Ilkapo 17 53 10 50 2 11 33 7 | 42 2.4 | 800
3. Mra-Cabyetu 13 43 6 57 1.8 | 10 21 6 | 47 2.1 | 1242
4. Axankanaku 19 87 11 58 1.7 12 29 7 | 18 5.6 | 1716
5. MaMUCOHCKUH TIep. 11 31 6 34 29 | 10 26 7 | 34 2.9 | 2854
Hytetu 19 45 7 30 3.3 |7 15 6 | 26 3.8 | 922
Ilacanaypu 14 70 10 62 1.6 |9 29 6 | 30 3.3 | 1070
Kazbern 10 22 6 59 1.7 |7 14 6 | 26 3.8 | 3653

W3 Tabouiel 1 caeayeT, YTO CPpeIHASA CyMMapHasi IPOJ0/KUTETLHOCTD BOJIH TeIjla 3a roJl Ha
Tepputopun ['py3uu KkosiebsieTcss B mpezenax 13-20 CyTOK, MaKCUMyMOM Ha YepHOMOPCKOM
nmobepeskbe U B ropax. CymMMapHas MPOAOJIKUTEIFHOCTh BOJIH XOJIOJIA MEHBIIIE U COCTaBJISIET
10-14 CYTOK, MaKCHMyMOM Ha YepHOMOpCKOM IMobOepeskbe, B KoJIXUACKON HU3MEHHOCTH U Ha
paBHHHax Bocrounoit 'pysuu. Temtslii BO3IyX IpU IepeMelleHHH B palioH ¢ 6oJiee XOJIOTHOU
MIO/ICTIJIAIONIEN TTOBEPXHOCTBIO COBEPIIIAET BOCXOJAINEe CKOJIbXKEHUE, a XOJOJHBIN BO3AYX IpU
IIepeMeIeHNH B PafoH ¢ 6oJiee TeIUION MOACTIIIAIONIEN TOBEPXHOCTHIO BBITECHSET TEIIBIN BO3/IyX
U OIyCKAaeTCsl K 3eMHON MOBepXHOCTU. II0 Bcell BEPOATHOCTH, C STHUM MOXKET OBITh CBSI3aHO
HEKOTOPOE YBEeJIMYEHHE CYMMapHOU IPOJIOJI’KUTEIPHOCTU BOJIH TEIJIa B OTAEIbHBIX TOPHBIX
paiioHax (Axankanaku, JlyImiern), a Tak:ke yBeJIWUYEHHE CYMMAapHOH IPOJIOJI’KUTEIBHOCTU BOJIH
X0JIO/Ia BO BHYTpeHHUX parioHax Kosxuackoi HusamenHocTH (Kyrancu) u Ha paBHuHAX BocTouHo#
Ipysun (Towrmumcu, Tenmapu). [IpuunHON yBeJNWUYEHHS IPOJIOJIKUTEHBHOCTH BOJIH XOJIOJla Ha
paBHUHaX BocrouHoii I'py3uu MOTyT OBITh TaKKe XOJIOJAHbIE BO3AYIITHbIE MAaCChl, BTOPTAIOIIHUECS C
BOCTOKa, KOTOPbIE PACIPOCTPAHAIOTCA JIUIIb B BocTtounoit I'py3uu, u nanee TpaHchOpPMUPYSCH
ocimabssroresi.  HaubostbIliass cyMMapHasi —MPOJOJDKUTEIBHOCTh BOJIH —TeIIa  COCTaBJISIET
40-90 CYTOK ¥ TaKKe IIPEBOCXOJUT HAUOOJIBIIYI0 IPOJODKUTETHPHOCTE BOJIH — XOJIOZA
(20-50 cyToK). ITpoAOKUTEIPHOCTh BOJTH HE UMEET SPKO BBIPAYKEHHOTO CE30HHOTO XO0/a, XOTS
TeIIble BOJTHBI TPe00JI1aIatoT JIETOM, & XOJI0/THbIE — 3UMOW.

HemnpepsiBHAsT POJO/KUTEIBHOCTD TEIUIBIX BOJIH KOJI€OJIeTCs B Tpefieyiax 6-11 CyTOK U B
CpPeHEM TI0 TEPPUTOPHUU COCTABJISIET OKOJIO 8 CYTOK, a IPOJIO/IKUTEIBHOCTh XOJIOHBIX BOJIH
KoJieOJIeTcsl B mpejiesiax 6-8 CYyTOK U B CPEJHEM COCTABJISET 7 CyTOK, UTO XOPOIIIO COOTBETCTBYET
mporeccy TpaHcGOpMalK BO3AYIIHBIX Macc. JTOT IIEPHUOJ, TAKXKe XOPOIIO COIIacyeTcs C
YCTONYHUBOCTHIO XapaKTEePHBIX /isi ['pPy3UH OCHOBHBIX KJIACCOB MOToAbl 10 PeopoBy-UyOyKOBY
(YyOykoB, 1949; dausbapaiiBuin, 2017; JausdbapamBuwid, ['onriaaze, 1980). Hanpumep, BosiHa
Teruia JetoM GopMUpyeT OYeHb JKapkhe MW OdYeHb BjakHble mnoroabl (XYI wiacc) Ha
UYepHomopckoMm mobepekbe u Ha KoJIXuCKON HH3MEHHOCTH, KOTODBIE Jiep:KaTcsa 7-8 mHen
noapsana. Ilpum Takux TMoOrozjax y 4deJOBeKa BO3HHUKAeT YYBCTBO JYyXOThbI, OKa3bIBAIOIIEE
OoTpUIlaTeJIbHOE BJIHUSAHHE HA ee 37I0pOBbe, TPYyA U OTABIX (dnusbapamBuiau U Jp., 2017).
Cosnueunsle, xapkue u cyxue norogbl (II kiacc), dopmupyomuecs B TeueHUe BCETO rojia Ha
UepHoMOpcKoM mobeperkbe, Ha Kosxuackoil HU3MEHHOCTH M Ha paBHHMHAx Bocrounoil I'pysuu
TaK)Ke B pe3yJbTaTe MPOXOXKJEHHSA TEIUIBIX BOJIH TMPH IMPeobIalaHUM aHTUIHKJIOHHYECKOTO
COCTOSIHUsA, JiepiKaTcs 5-7 CYTOK. BosiHa XoJtoma B XOJIOAHBIM TepHoj; roAa ¢opMupyer cyiabo
MOPO3HbIE, YMEPEHHO MOPO3HbIE U 3HAYUTETLHO MOpo3HbIe moroasl (X, XI,XII kiacchl), rJIaBHBIM
obpa3oM B BBICOKOTOPHOU 30He KaBkasa, Ijje WX HelmpepbhIBHAS IPOJIOJIKUTETHHOCTh COCTABJISIET
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12-15 CyTOK, a Ha IOxkHO-I'py3MHCKOM Haropbe Jiep:KuTcs 7-8 cyTok. Takue moroasl 00yCIOBIEHBI
MOIITHBIMH BTOP?KEHUSIMH apKTHUECKHX XOJIOAHBIX MacC BO3/yxa, KOTOpbIe, Osaromaps [s1aBHOMY
KaBkazckomy xpebty, B 3amagHoi ['py3uu HOCTYIAlOT IPU BTOPKEHHH C 3alajila Wih C CeBepo-
3amazsa, a B BocrouHoit I'py3um HOCTYNAOT MPU BTOPXKEHUH C BOCTOKA WJIM C CEBEPO-BOCTOKA
(9ymm3bapamBuiIa U Ip., 2019). 3a TEIUIBINA MTePUO/, rofja BOJIHA X0J101a (GOPMHUPYET MACMypPHbBIE U
noxxuBbie morozsl (Y1, YII kiacesl) mnTetbHOCTBIO 7 AHEH (Dm3baparBmiy, ['oHraaze, 1980).

BTopskeHHe BOJIH TeIlIa M X0JI0/ia, cooTBeTcTByomue Kputepusam BMO (Climate Change
Indices; Peterson, 2005), He MPOUCXOIUT €3KETOAHO, OJHAKO 3a OJIMH OIPE/EIEHHBIN IO/ MOKET
OCYIIIECTBUTHCSA HECKOJIBKO pa3. [103ToMy Ba)KHO 3HATh BEPOSTHOCTh W IEPHO]] ITOBTOPSIEMOCTU
3THUX BOJIH, COOTBETCTBYIOIIIME TAHHBIE TAKIKE IIPECTABIEHBI B TaOIUIIE].

Cpenmusii TO/IOBasi BEPOATHOCTh BTOPKEHHMSA BOJIH TeIIa 3a TOJ COCTaBysieT 24-62 %,
MaKCHMyMOM B TOpaX, a BEPOATHOCTb BTOP:KEHUS BOJIH XOJI0/1a cocraBiisgeT 18-47 %. Iloatomy,
B COOTBETCTBUU ¢ (GOpMYJIOH (1), CpeqHSAS JUTUTEIFHOCTD IIEPHO0/Ia IOBTOPSIEMOCTH JIET C BOJIHOH TeIuIa
MeHbllle (1.6-4.2 T0/1a), YeM JUIUTEJIBHOCTh IIEpHO/A ITOBTOPSEMOCTH JIET C BOJIHOH Xo0Joza
(2.1-5.6 jeT).

BostHBI Temia WIM XOJIOJIa MOTYT PacCIpOCTPAaHATHCA B I[€JIOM Ha Tepputopum ['pysuu,
3akaBKa3bs, KaBkaza wiu 3a ee npezaesaMmu. Beio Tepputopuio ['py3uu BosiHA Telsla OXBaThIBAET B
55 % ciydasx BTOPXKEHHUs TEIUIOr0 BO3/lyXa, a BOJIHA XOJoAa — B 75 % cCiydyasx BTOPIKEHUSA
XOJIOJTHOTO BO3/TyXa.

Ha PucyHke 2 mpejcTaBjieHbl NMPUMEPHI XO7a TeMIIepaTyphbl MPHU IMPOXOXKIEHUH BOJIHBI
xoJi071a B ¢eBpasie 1 MapTe 2020 roja. Kak ciemyer u3 puc. 2a, B Hauase (eBpass gepkaaach
MOJIOXKUTEIbHAsT TeMIlepatypa, 6-7-ro ¢eBpajisi CpefHsisi CyTOUHas TeMIlepaTypa COCTaBJIslIa
MMPUMEPHO 9°, OJTHAKO ¢ 8-TO YHcjIa TeMIlepaTypa cTajla yMEHbBIAaTCs U 3a JIBa JIHA OIYCTHUJIACh 10
MuHyc 7°. Jlasiee HaumHaeTcsa TpaHcOpMAaIusa BO3AYIITHOM Macchl M TeMIlepaTypa HadyWHaeT
yBeJIMUMUBATCA. AHAJIOTUYHAs BOJIHA X0JIOJIa, HECKOJIBKO MEHbIIIe HHTEHCUBHOCTH OTMeYasiach B
mapTte (PucyHok 26), Koryia TeMrepaTypa Bo3/ayXa B CepeiiHE MecsIla 3a TPOe CYTOK OITyCTHJIaCh
Ha 12° cTaB OTpUIATEIbHOU. JIJTMHA BOJIHBI B O0OOMX CJIy4yasXx COCTaBWJIA OKOJIO 6-7 CYyTOK,
YTO XOPOIIIO COOTBETCTBYET IPUBEJEHHBIM BBIIIIE TAHHBIM.
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Puc. 2. MecsyHbIll X0/ TeEMITEpaTyphl Bo3ayxa B TenaBu B despase (a) u mapre (6) 2020 rosa
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PaCCManI/IBaeMbIe HaMW KpPpUTEpHMU BOJIH TeE€IJIa HW XO0JIOJ4, TaKXKE€ KaK U Jpyrue

KJIMMaTH4YeCKHuE HWHAEKCHI,

OBUTH  TIPEIJIOKEHBI

BMO

CIIEUAJIBHO [JII  HCCJIEIOBAHUSA

KJIMMAaTHYECKHUX H3MEHEHUH B PA3JIMYHBIX PETHUOHAX 3eMHOTO IHapa. HEfICTBHTEHbHO, KakK
ciIenayerT u3 PI/ICYHKa 3, MHOTOJIETHEE NU3MEHEHHNE 3TUX KPUTEPHUEB 10 2016 rojga XOpOoIIo OTpaxKaeT
COBPEMEHHbIE TEHAEHIIN [7106aJIHOTO MOTEIJIEHUA.
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Puc. 3. MHOTOJIETHUH X0/ CYMMapHOU ITPOIOJI?KUTEIbHOCTH (N CyTKK) BOJIH Teluia (a) U BOJIH
xostoza (b) 3a mepuof 10 2016 rozaa: 1 — barymu, 2 — [lotu, 3 — Jlemormiucukapo, 4 — Toutcu

KpOMe TOrO, M3 PI/IcyHKa 3 cIeayer, 4To KJIHMMaTH4YeCKHe HHACKCHI JIA paCCMOTPEHHBIX
CyII€ECTBEHHO
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JUITMHHOPAJIHBIM JIaHHBIM CTaHIUU TOWINCH B 40-ble TOJbl IPOILIOTO BeKa OTMedaercs
CYIIleCTBEHHOE YBeJMYEeHUEe IPOJOJIKUTEIBHOCTEH BOJIH TeIUIa, UTO OObsCHSAETCS IOTEIIEHHEM
40-bIX TO/I0B. HekoTopoe yBesnueHHe NMPOJOJKUTEIPHOCTEN BOJIH TeIUIa IJIaBHBIM 00pa3oM B
3amanuoti I'pysun (Barymu, Ilotu) oTmeuaercs B 70-ble TOABI MHPONUIOrO Beka. OcoOeHHO
3aMeTHOe yBeJInueHUe MPOJOJIKUTEIPHOCTEN BOJIH TellJIa M YMeHbIIeHHe IIPO/I0JIKUTeIbHOCTEN
BOJIH XO0JI0/Ia OTMeYaeTcs mocyie 80-X TO/I0B, B IEPUOJ] MHTEHCUBHOTO IJI00AJbHOTO MOTEIJIEHUS.
B uesom ke 3a Bech IepHOJI CyMMapHas IPOJOJDKUTENBHOCTh BOJIH TeIUIa BO3PACTaa,
a IIPOJIOJIKUTEJIBHOCTD BOJTH X0JIOZIA YMEHbIIIAIACh.

Bosiee moapo6HO XapakTep MHOTOJIETHETO WU3MEHEHHSA BOJIH TeIla M XOJIOAA IS TPYIIIIbI
METEOPOJIOTUYECKUX CTAHIIMUA XOpOIIO BUAHO u3 TabuuIbl 2, I7le IpeCTaBJIe€Hbl JIMHEUHBbIE
CKODOCTU W3MEHEHUs KJINMATHYECKUX WHJEKCOB M COOTBETCTBYIOIIHE KO3(DDUIUEHTHI
JleTepMUHAILINY, T03BOJIAIONINE CYIUTh O BKJIaJle TPEH/A B UX CYMMAapHYIO U3MEHYUBOCTD, a TAKXKe
WX CTAaTHUCTHUYECKHE 3HAUYMMOCTU /I METEOPOJIOTUUEeCKUX CTAaHI[UM, pAacloJIO’)KeHHBIX B
pa3InYHbIX GU3NKO-reorpaduueckux ycaosuax I'pysumn.

Tao6auna 2. Ckopocts uszmeHnenus (k-cytku/ron), koaddumnuent aerepmunaiiui(R?2) u kpurepuit
CTaTUCTHYECKOU 3HaunMocTH (p) BosH Teria(wsdi) u BostH xostozaa (csdi)
(mymeparus pailoHOB cooTBeTcTBYyeT Taburie 1)

Paiion | ITyHKT wsdi csdi
k R2 p k R2 p

1. ITotu 0.55 0.29 () -0.04 0.03 0.22
Batymu 0.2 0.12 0.02 -0.25 0.14 0.01
Kyraucu 0.04 0.08 0.5 -0.14 0.12 o)

2. Toucu 0 0 0.98 -0.08 0.13 o
Tenasu 0.36 0.24 () -0.08 0.02 0.33
Henonsuc-Ilkapo 0.5 0.40 o -0.06 0.02 0.32

3. Mra-Cabyetu 0.29 0.18 (o) 0.01 0 0.85

4. Axajikanaku 0.37 0.12 0.02 0.01 0.01 0.77

5. MaMUCOHCKUH Tep. -0.18 0.06 0.19 -0.06 0.01 0.65
Hymetu 0.29 0.14 0.02 0.03 0.01 0.5
[Tacanaypu 0.13 0.06 0.04 -0.04 0.03 0.18
Kazberun 0.18 0.18 0.03 -0.02 0 0.78

[Tpumeuanue: :KUPHBIM MIPpUGTOM 0003HAUEHBI 3HAUNMblE U3MEHEHUA

CYI[H 110 3BHAYEHUAM CT&TI/ICTI/I‘-ICCKOﬁ 3HAYUMOCTH TpeHILI)I BOJIH TeEIlJia IIOJIOKUTEJIbHBI AJIA
6OJ'II>IIII/IHCTBa l'IyHKTOB U CTaTUCTHUYECKH 3HAUUMMbl HA BBICOKOM ypOBHe 3HAYUMOCTHU. TaK,
HarpuMmep, B [lotu u [leiomnciikapo TpeH/I COCTaBJIsAET OKOJIO 5 CYyTOK 3a Jiekaay. Bkiaj TpeHia B
yBesqnueHnu BOJIH Temia B Ilotm cocraBisger 29 %, a B [lemoImumcikapo JOCTUTAET 40 %.
BpeMeHHbIe Tpe€HAbl BOJIH X0JI0JJa B OCHOBHOM OTPHUIATEJIbHBI U CTATUCTUYECKH 3HAYKUMBbI JINIIIb
JJIA OTAEJIbHBIX ITYHKTOB.

B nejgaoM II0 TeppI/ITOpI/II/I B YCJIOBI/IHX rno6aanoro IIOTEIlJICHUA CKOpOCTb BOSpaCTaHI/I}I
HOBTOpHeMOCTI/I BOJIH TeIlJiIa COCTaBJIAET 0.4-6 CyTOK, a CKOpOCTb y6bIBaHI/IH HOBTOpHeMOCTI/I BOJIH
X0JI0/Ia COCTABJISIET 0.2-2.5 CYyTOK 32 JIeKay.

3. 3aKjIoueHue

1. CpezHaa cyMMapHas NPOJOJIKUTEIBHOCTh BOJIH TeIla 3a IOJ, Ha Tepputopuu I'pysun
KoJiebJieTcss B Ipefesax 13-20 CYTOK, MakKCHUMyMOM Ha UepHOMOPCKOM I00epeXbe U B ropax.
CyMMapHass IPOJOJIKUTENBHOCTh BOJIH XOJIOZA COCTaBJsIeT 10-14 CYTOK, MakKCMMyMOM Ha
YepHoMopckoM nobeperkbe, B Koxuackoii HU3MEHHOCTH M Ha paBHUHAaX Boctounoit ['py3un..

2. HawubGoJsbmiass cymMMapHas MPOJOJIKUTEILHOCTh BOJIH TeIIa COCTaBJIsIET 40-90 CYTOK,
a Haubosbinast sadisertacio Temebis cymmapHasi IPOIOIPKUTEIPHOCTh BOJIH XOJIO/Ia COCTABJISET
20-50 cyTOK. ITpOo/IoJPKUTENTHOCTh BOJIH HE MMEET SIPKO BBIPA’KEHHOTO CE30HHOTO XO0/1a, XOTS
TEIIbIe BOJIHBI MIPe00JI1ajaloT JIETOM, a XOJIO/THbIE 3UMOM.

3. HenpepsiBHasA IPOJOJIPKUTEIFHOCTD BOJIH TeILIa KoJyiebsIeTes B mpeziesiax 6-11 CyTOK U B
CpeTHEM 10 TEPPUTOPHH COCTABJIIET OKOJIO 8 CYTOK, a IPOJOJIKHUTENBHOCTh BOJIH XOJIOZA
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KoJiebJieTcs1 B IpesiesiaXx 6-8 CyTOK U B CPEHEM COCTABJISIET 7 CYTOK, UTO XOPOIIO COOTBETCTBYET
npotieccy TpaHcopmanu BO3IyIIHbIX Macc.

4. CpenHsAsA JIUTEIBHOCTb IEPUOJAa MTOBTOPSIEMOCTH JIET C BOJIHOHM Teria KoJiebJeTcs B
npenenax 1.6-4.2 JeT, a VINTEJIbHOCTh IIEpH0/ia IIOBTOPSIEMOCTH JIET ¢ BOJIHOM X0JIOZ]a COCTABJISET
2.1-5.6 JjeT.

5. TpeHapl BOJIH TeIUla IOJIOKUTENIbHBI JJIsI OOJIBIIMHCTBA ITyHKTOB W CTAaTUCTUYECKU
3HAUMMbl Ha BBICOKOM YPOBHE 3HAUMMOCTH. BpeMeHHble TpeHAbl BOJH XOJIO[A B OCHOBHOM
OTPUIATEIHHBI U CTATHCTUYECKH 3HAUMMBI JIUIID JJIS1 OTAETbHBIX ITyHKTOB. B yCIIOBHSX IVI06AJIBHOTO
MOTEIUIEHNs CKOPOCTh BO3PACTAHUSA TIOBTOPSEMOCTH BOJIH TEIL/Ia COCTABJISAET 0.4-6 CYTOK, 2 CKOPOCTh
yOBbIBaHUS IOBTOPSIEMOCTH BOJIH X0JI0/Ia COCTABJISIET 0.2-2.5 CYyTOK 3a JIEKAJTy.
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Abstract

In 2019, in Ambrolauri municipality, the level of soil contamination with arsenic as a result of
exposure to hazardous industrial waste containing arsenic of the Racha Mining Chemical Plant was
studied. In particular, a study was conducted on arsenic contamination of the soils of the villages
Uravi, Abari, Utseri, Likheti and Sori Valleys.

Revealed that:

According to the results of the study, of Uravi soils are the most polluted in arsenic;

There is less arsenic pollution in the village of Utsera, Sori Valley and the village of Likheti
(average level of pollution);

The village of Abara is relatively clean, a small area where arsenic contamination was
observed.

It should be noted that in all cases the arsenic content is higher in the soil top (0-5 cm depth)
than in the lower layer (5-20 cm depth). The health condition of the population of Ambrolauri
municipality has been revealed.

Based on the 2016 statistical data of the National Center for Disease Control and Public
Health, the population of Racha-Lechkhumi and Kvemo Svaneti among the regions of Georgia has
the first place in terms of malignant tumours and diabetes.

Keywords: environmental pollution, soil, arsenic, Ambrolauri municipality, public health.

1. Introduction

The aim of the paper is to determine in some regions of Georgia (Racha-Lechkhumi and
Kvemo Svaneti) the regularity of the spread of arsenic concentrations, which is by classification
from hazard class 1. Soil norms standards -Maximum Permissible Concentration (MPC),
Permissible Orientation Concentration (POC) and Clarks were used to visualize and evaluate the
results (Methodological guidelines...; Supatashvili, 2009).

The toxicity of arsenic and its compounds has a long history. In the seventies of the last century,
their carcinogenic properties were determined. Although, arsenic compounds are widely used in
technology, agriculture, medicine, etc. Arsenic is a natural component of the Earth's crust and is
common in any environment, air, water and soil. In a number of countries, arsenic is naturally found in
groundwater. It is present in nature in organic and inorganic form, the latter being very toxic.
Therefore, controlling the content of arsenic in natural waters, soil and food products and studying the
regularities of distribution is one of the important and topical issues in the world.
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Arsenic and arsenic compounds are included in the list of 10 toxic elements (Hg, Pb, Cd, As,
Ni, etc.) that pose significant problems for human health (WHO) (Skalnaya et al., 2001).

Arsenic and arsenic compounds belong to the category of carcinogens proven to be a hazard
(IARC) for human (Skalnaya et al., 2001; Arsenic and arsenic compounds...).

Although the ways in which arsenic gets into the body can be through the skin, the airways, it
still gets into the human body mainly from food and drinking water. Organic arsenic species are
most commonly found in seafood, while in terrestrial products are mainly found 3-5 valent arsenic
forms and the unit is organic species. Therefore, arsenic is involved in the food chain mainly from
contaminated soil and water (Laferashvili, 2008; European population...).

Arsenic is found in all types of soil. Its oxidation degree varies from -3, 0, +3, +5; the most
common are As,O; and As,0;. In terms of toxicity, arsenic chloride and salts: lead and copper
ars/2mpounds can be represented as follows:

AsHjz> As*3> As*5> R Asx

The main industrial mineral of arsenic in the soil is arsenopyrite (FeAsS).

According to the Basel Convention, arsenic belongs to the category of controlled waste
(The Basel Convention..., 1989). All the above mentioned suggests that arsenic is included in the
list of normalized substances.

2, Materials and methods

Research zone and methods

Arsenic ores have been established in Georgia (Racha-Lechkhumi and Kvemo Svaneti). They
were used to produce arsenic-containing preparations. In the village of Uravi, at the Racha Mining
Chemical Plant, 27 km from the mine, Lukhuni arsenic-containing ore was being recycled and
white arsenic (As.O;) was received.

There were two mining and chemical plants in Lentekhi district — Tsani and Koruldashi.

Waste is generated by the extraction or the recycling of arsenic in arsenic ores, in the form of
arsenic anhydride (As.O;) and other compounds, which causes them to accumulate in
environmental objects (water, soil, plants).

Since 1993, both factories have ceased its functioning. To date, both deposits have been
preserved and no arsenic has been produced. Problems include arsenic-containing waste and
surrounding areas, including arable land. To date, a large amount of toxic waste left over from the
Soviet era (more than 120,000 tons of residue containing 4-9 % white arsenic) has been stored
near the villages of Uravi and Tsana. Waste was not safely disposed and there is a high risk of
environmental (rivers, groundwater and soil) hazards (Gigauri et al., 2015; Bagrationi et al., 2014;
Shavliashvili et al., 2017; Alexidze, Lolishvili, 2016).

It should be noted that in 2014-2016 a joint project of the Ministry of Environment and
Natural Resources Protection of Georgia and the Ministry of Economic Affairs of the Netherlands
"Management of arsenic-containing mining waste in Georgia" was carried out with mutual co-
financing. In the municipalities of Ambrolauri and Lentekhi within the framework of this project, the
first-line emergency works of the hazardous industrial waste containing arsenic were carried out.

Despite the work carried out, the content of arsenic in the soil is significantly high. Due to the
high arsenic pollution of the soil (the pastures of the region and other agricultural lands) and food
products, the health and lives of thousands of people are endangered.

In 2019, the National Environmental Agency (NEA) of the Ministry of Environmental
Protection and Agriculture (MEPA) of Georgia carried out fieldworks in various villages of
Ambrolauri Municipality. Soil samples were taken at a depths of 0-5 and 5-20 cm and the rolling
form of arsenic was determined (Fomin, Fomin, 2001). In the studied municipality mainly Rau
Humus Calcareous (rendzic leptosols) soils are common, their total area in Georgia is 4.5 %
(317,200 ha), which are clay or loam mechanical characterized by neutral or weakly alkaline
reaction (pH — 7.0-7.7) and in composition, with an abundance of silicate forms of iron. Humus
content is moderate or small. The soils are deeply humusized, the humus type is humid.
The carbonate content varies greatly (20-51 %). Montmorillonites and hydrocarbons predominate
in the clay minerals. This soil is characterized by high fertility (Urushadze, 1997).

Soil sampling, labelling, storage and transportation were carried out using the standard
methodology of the International Standard Organization (ISO). Laboratory works were performed
using ISO and US EPA standard methods. The analyzes were carried out in the Laboratory of
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Atmospheric Air, Soil and Water Analysis of the NEA of the MEPA of Georgia with the following
technical and instrumental support:

1. Plasma-emission spectrometer ICP-OES;

2. Soil Digestion-Milestone — S tart D Microwave system,;

3. pH meter — Milwaukee-Mi 150.

3. Results and discussion

In 2019, we studied the chemical study of the soils of the area contaminated with industrial
waste from Arsenic, in particular, for the villages of Uravi, Abari, Utseri, Likheti and Sori Valleys.
The results are given in Table 1, where the values of MPC, POC and Clark are given.

Measures to assess the degree of contamination of soils with heavy metals, which are
currently used by environmental organizations, are based on the use of the MPC and the POC of the
main standards (Methodological guidelines...). These standards were introduced into the
legislation from the practice of working in a more homogeneous (water, air) environment. Using
this approach is problematic for soils because they are heterogeneous and combine living and non-
living, soil-dense, liquid and gaseous phases. It is therefore necessary to take a scientifically based
approach to soil assessment, given its heterogeneity, as an important complex multi-component
and multi-phase object.

According to the results of the survey, the maximum concentration of arsenic (moving form)
according to the data of November 2019 is observed at a depth of 0-5 and 5-20 c¢m in the area of
Uravi, respectively 81.35 (40.7 MPC) - 45.33 (22.7 MPC) mg/kg (Figure 1).

In the village of Utsera, the concentration of arsenic is 25.65 (12.8 MPC) — 9.00 (4.5 MPC)
mg/kg at a depth of 0-5 and 5-20 cm (Figure 2).

Table 1. Arsenic in the soils of Ambrolauri Municipality Contents, November, 2019

Uravi 0-5 X-0359699 81.35
Uravi o Y-4723094
50 45.33
t O- 25.6
. utsera 5 X-0380753 5.65
utsera 5-
Y-4722000 ;
I . 47 9.00
. Soris Kheoba 0-5 X-0360029 20.38
I Soris Kheoba 5-  Y-4717768
2.51
20
. Soris Kheoba 0-5
X-0359545 10.82
zgrls Kheoba 5- Y-4716415
5.01
. Sori Valley, near X-0359193 15.19
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. the Church 0-5 Y-4714541
Sori Valley, near
6.07
the church 5-20
. Likheti 0-5 X-0355715 20.00
. Likheti 5-20 Y-4717963 10.55

X-0359629 16.37

&
o
=.
?
($)}

. Abari 5-20 Y-4723832 10.92

. Abari 0-5 X-0357634 11.25

. Abari 5-20 Y-4719633 10.53
2
10
1,7

According to the results of the survey, the maximum concentration of arsenic (moving form)
according to the data of November 2019 is observed at a depth of 0-5 and 5-20 cm in the area of
Uravi, respectively 81.35 (40.7 MPC) — 45.33 (22.7 MPC) mg/kg (Figure 1).

In the village of Utsera, the concentration of arsenic is 25.65 (12.8 MPC) — 9.00 (4.5 MPC)
mg/kg at a depth of 0-5 and 5-20 cm (Figure 2).

The concentration of arsenic is relatively low in Sori Valley, which is defined as 3 points and
is 20.38 (10.2 MPC); 15.19 (7.6 MPC) and 10.82 (5.4 MPC) mg/kg at a depth of 0-5 cm.
The concentration of arsenic is much lower at a depth of 5-20 cm and therefore amounts to 2.51
(1.3 MPC); 6.07 (3.0 MPC) and 5.01 (2.5 MPC) mg/kg (Figure 3).

Approximately similar results are obtained in the village Likheti (20.00 (10.0 MPC) and
10.55 (5.3 MPC) (Figure 4).

The village Abari is clean compared to other facilities. Abari, where the concentration of
arsenic was determined at two points and the maximum concentration of arsenic was observed at
16.37 (8.2 MPC) mg/kg, and at the second point — even lower — 11.25 (5.6 MPC) mg/kg 0-5 cm at
depth. In depth, the concentration of arsenic decreases even more (Figure 5).
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Fig. 1. Arsenic concentration in the village Uravi soils X-0359699 Y-4723094
at depths of 0-5 and 5-20 cm
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Fig. 2. Arsenic concentration in the village Utsrea soils at depths of 0-5 and 5-20 cm
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Fig. 3. Arsenic concentration in soils of Sori Valley at depths of 0-5 and 5-20 cm I — X-0360029
Y-4717768; II — X-0359545 Y-4716415 III — X-0359193 Y-4714541 (near the church)
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Fig. 4. Arsenic concentration in the village Likheti soils X-0355715 Y-4717963 at depths
of 0-5 and 5-20 cm
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Fig. 5. Arsenic concentration in the village Abari soils at depths of 0-5 and 5-20 cm
I - X-0359629 Y-4723832; II — X-0357634 Y-4719633

It should be noted that according to the results of the study, the maximum content of arsenic
in 2014 was in Uravi, in the vicinity of the white arsenic processing plant, where the maximum
concentration of arsenic was 61814.9 mg/kg, and in the vicinity of sedimentation place —
36373.7 mg/kg (Shavliashvili et al., 2017).

Based on the 2016 statistical data of the National Center for Disease Control and Public
Health, it is clear that the population of Racha-Lechkhumi and Kvemo Svaneti is the first among
the regions of Georgia in terms of malignant tumours and diabetes, which in our opinion is
associated with arsenic contamination (National Center for Disease..., 2016).
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Table 2. Distribution of malignant tumors by regions Georgia, 2016

54

Numberof  iongo0  MmPErOl 10000
population population
Abkhazia 127 - o) -
Adjara 870 257.4 683 202.1
Thilisi 3789 340.2 7239 649.9
Kakheti 711 223.7 128 40.3
Imereti 1324 249.2 1401 263.7
e o
Shida Kartli 590 223.7 152 57.6
Kvemo Kartli 831 194.7 171 40.1
Guria 322 285.5 44 39.0
Samiskhe ) 313 195.0 54 33.6
Mtskheta —Mtianeti 215 228.7 88 93.6
Racha — Lechkhumi
and Kvemo Svaneti 110 3514 38 1214
Former South
Ossetia 9 ) ) )
Georgia 10097 271.5 10097 271.5
Table 3. Distribution of diabetes by regions Georgia, 2016
Total Iglfllll(ll(li‘lel:lg Total
Number Prevalence Prevalence Prevalence
of cases per Number per Number per
100,000 ofcases 100,000 ofcases 100,000
population population population

Abkhazia 1334 - 4 - 169 -
Adjara 11002 3255.0 47 72.1 1944 575.1
Thilisi 18091 1624.3 65 30.3 7147 641.7
Kakheti 9606 3021.7 23 37.5 984 309.5
Imereti 19353 3642.6 43 42.0 3518 662.1
iiﬁﬁgsfi‘il;ﬁ 6606 2007.9 77 121.3 1965 5973
Shida Kartli 7703 2020.0 16 31.4 943 357.5
Kvemo Kartli 9083 2127.7 56 68.0 2747 643.5
Guria 2694 2388.3 18 82.6 338 209.6

Including children
Prevalence
Number per
of cases 100,000
population
1 -
23 353
49 22.8
4.9
59
25 394
0 0.0
15 18.2
(0} 0.0
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Samtskhe —

Javakheti 2121 1321.5 17 54.8 449 279.8 9 29.0
ﬁgﬁl :{(ia - 2061 2192.6 3 16.6 164 174.5 0 0.0
Racha —

Esghg;ﬁg 1215 3881.8 3 50.0 109 348.2 o 0.0
Svaneti

Another

agency 450 - 5 - 263 - 7 -
Georgia 91319 2455.3 377 52.6 20740 557.6 138 19.2

4. Conclusion

In Racha-Lechkhumi and Kvemo Svaneti regions, the level of pollution of municipal lands
with arsenic as a result of exposure to hazardous industrial waste containing arsenic of Racha
Mining Chemical Plant was revealed. Research has shown that a special effort must be made to
establish strong control over anthropogenic load that is needed to maintain the clean conditions of
natural waters, soils and food products and to improve their pollution status.

The following conclusions can be drawn:

1. According to the results of the research, soils village of Uravi are the most polluted in
arsenic (moving form). The maximum concentration of arsenic according to the data of November
2019 is 81.35 (40.7 MPC) — 45.33 (22.7 MPC) mg/kg at a depth of 0-5 and and 5-20 cm in the area
of Uravi, respectively.

2. The concentration of arsenic in the village of Utsera is 25.65 (12.8 MPC) — 9.00
(4.5 MPC) at the same depths.

3. The concentration of arsenic is relatively low in Sori Valley, which is defined as 3 points
and is 20.38 (10.2 MPC); 15.19 (7.6 MPC) and 10.82 (5.4 MPC) mg/kg at a depth of 0-5 cm.
The concentration of arsenic is much lower at a depth of 5-20 cm and therefore amounts to 2.51
(1.3 MPC); 6.07 (3.0 MPC) and 5.01 (2.5 MPC) mg/kg.

4. There are similar results in the village Likheti — 20,00 (10,0 MPC) and 10,55 (5,3 MPC)
mg/kg.

5. The village Abari is clean compared to other facilities, where the concentration of arsenic
was determined at two points and was 16.37 (8.2 MPC) mg/kg, and at the second point — even
lower — 11.25 (5.6 MPC) mg/kg at a depth of 0-5 cm. In depth, the concentration of arsenic
decreases even more here.

6. Based on the 2016 statistical data of the National Center for Disease Control and Public
Health, the population of Racha-Lechkhumi and Kvemo Svaneti among the regions of Georgia has
the first place in terms of malignant tumours and diabetes.
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Abstract

The extreme events resulting from climate change are discussed: floods, decline of fresh
water and land resources, draughts, crop failure, desertification, etc. The reasons causing climate
change are examined, main of them being the anthropogenic increase of carbon dioxide
concentration in the atmosphere. Its absorption is possible only by green vegetation through the
process of photosynthesis, as a result of which large amount of oxygen is produced being a
principal source of existence for all living organisms. Forest is rich in many kinds of food and
medical products. It is a protector of water and land resources as well as a filter for purifying air
and the water.

The importance of forest cover in mountain regions is described, where it protects
settlements, roads and fields from floods and mudflows, erosion processes, landslides and
avalanches. Forest is regulating the water regime of mountain rivers curtailing floods and
preventing them from drying up.

The data are presented on the state of forest cover in Georgia and the world over. Resulting
from unsystematic felling forests are becoming sparse, are losing their protective functions,
thousands of plant and animal species are wiped out. In all settlements the population and local
authorities must care for reforestation and afforestation that will facilitate the reproduction of
animals and birds, increase in crop capacity and the development of resort-recreational, and
ecotourism activities. While planting the forests useful kinds should be chosen and cutting dawn
must be permitted for only elderly and sick trees and considering the amount of annual accretion.

Very important is the raising of public awareness. Only the knowledge, correct education and
love to the nature may save the biosphere and environment from the destruction and produce
economic and social prosperity.

Keywords: anthropogenic processes, carbon dioxide, photosynthesis, water and land
resources, oxygen.

1. Introduction

Nowadays one of the main concerns of the world society is the anomaly cataclysmic processes
caused by global warming on our planet, which resulted in increasing catastrophic disastrous
events that led to large destruction and casualties. In addition, with the increase of the population
of the planet, which predicts that in 2050 it will be 11 billion, demand for food, water, housing,
energy, family and mobile equipment and others will increase. The capture of forest areas and the
irrational cutting of trees causes the reduction of photosynthesis process and the resulting

* Corresponding author
E-mail addresses: jarjinio@mail.ru (T.Z. Basilashvili)

57



http://www.ejournal9.com/

European Geographical Studies, 2020, 7(1)

increased heat beams of the sun is the reason that causes global warming, oxygen reducing,
new viral, bacterial and chronic diseases.

In the XXI century it is expected to increase the temperature on the Earth, which will lead to
the melting of Antarctic and Greenland ice, the sharp rise of the world ocean level and flooding the
coastline, leading to large economic and social shocks, loss of crops, deficit of drinking water,
floods, storms, and coastal erosion will increase as well. Since climate change is global, it is
necessary to find ways to solve problems through joint efforts on an international level.

Today, for the purpose of Biosphere and environmental protection, in order to ease the
climate change process for all countries in the world the most important task is to carry out various
activities. First of all, the rational use of natural resources and ensuring the sustainability of
environmental ecological balance is necessary. In this regard, it is worth mentioning that for the
climate regulation, stabilization of oxygen balance and the maintenance of biodiversity particular
importance has the forest cover.

2. Study area

Biosphere. The word "bios" means life in Greek. The biosphere is a combination of live and
immobile substances in dynamic equilibrium, where the living organism transforms this
environment in accordance with its demand. The history of the development of the biosphere is
2,5-3 billion years old. During this time, living organisms have been developing in different
conditions of the environment. For example, some single-celled seaweed and bacteria are grown in
hot springs up to 75-100 °C, others, on the contrary, minus 6-7 °C and mushroom spores can
endure 120-180 °C (Miqadze, 2006). Thus, the biosphere is the layer of the earth where life exists
and develops. It covers the whole hydrosphere, lithosphere and atmospheric parts.
The hydrosphere is a watery layer of the earth. The World Ocean covers 7/10 of the Earth's surface.
It is used by live organisms 100 to 200 m. where the sunbeams can reach. Only bacteria can live
deeper (Basilashvili, 2016b).

The lithosphere is a thick layer of the mainland, where life is up to a few tens of centimeters.
Some organisms live in 2-3 km depth on land conditions and 1-2 km from the bottom of the ocean.
The simplest anaerobic bacteria live in an underground watershed and oil-containing horizons at a
depth of 3-5 km.

The biosphere ecosystem is a combination of plants, animals, microorganisms and non-living
components of the environment. The main biomes of the biosphere are the land, sea and
freshwater biomes (Dre, 1976).

The upper boundary of the biosphere reaches 6 km in the atmosphere, where there are only
plants that contain chlorophyll. Only some arthropods live above that are nourished with plant
dust, spores, and microorganisms brought by the wind (Eliava et al., 1992).

About 600 million years ago, the lowest autotrophic plants emerged, 500 million years ago —
plants and insects, 350 million years ago — angiosperms and mammals. The development of plants
containing chlorophyll on the ground along with the increase of oxygen contributed to the
formation of soils. Later, thanks to the increased amount of oxygen, a variety of flora and fauna,
including humans have developed on earth. The existence of biosphere before human origin is
called biogenesis, while the development stage of society is called Noogenesis.

At present, there are about 2 million species of plants and animals, including animals up to
1.5 million. According to the number of plants in the first place is angiosperms — about
300 thousand, in the second place, is mushrooms - about 100 thousand. According to the number
of species among the animals, the insects are in the first place up to 1 million, mollusks are in the
second place up to100 thousand, and then there are vertebrates up to 50 thousand (Qajaia, 2008).

The atmosphere is the layer of the Earth's surrounding gases and consists of various gases,
water vapor, and dust. According to the height, individual layers are included: Troposphere
(thickness 8-18 km), stratosphere 55 to 60 km, Mesosphere 80-85 km, thermosphere 80 to
1000 km, and above — Exosphere.

The atmosphere holds part of the space beams and the majority of meteorites. Only 48 % of solar
radiation reaches the Earth. If there was no atmosphere, the average temperature of the air on the
surface of the earth would be 23° C, not 15° C (Migadze, 2006). Almost half of the radiating energy on
our planet is spent on evaporation of water and this water returns to Earth as precipitation.
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Forest and life on earth. In the past, the atmosphere did not contain much oxygen. Then
it was rich with carbon dioxide, methane and nitrogen compounds. Nearly 3 billion years ago,
the first living organisms on the earth were created at the bottom of the non-deep parts of the
hydrosphere, where the sunbeams and warmth were reaching. Such conditions are near the
tropical belt where with the carbon dioxide absorbed by the plant's chlorophyll and from the
weather with help of solar energy, carbohydrates are synthesized and free oxygen is released. This
process is called photosynthesis, or to produce organic substances from the inorganic components
of the environment by the green plants. Schematically it looks like this (Qajaia, 2008):

Sun's radiation energy

6CO.,+ 6 H.O —————— —  CeH.04 + 60, (1)

Green plants

Here the carbon dioxide and water molecules are diluted and the combination of glucose
molecules is formed during the joining, and then the free oxygen is released.

The first species of the earliest times were the blue-green seaweeds, which made solar energy
transform into chemical energy that contributed to the growth and development of the plant and its
fruit. Scientists estimate that over a year there are more than 10 billion keal of solar radiation per 1
Ha on Earth, which is used by the plant for photosynthesis (Budiko, 1965). Every year, with the
solar effect, about 83 billion tons of organic substance is formed on Earth. Because of these,
53 billion tons are created on land and the rest in the seas and oceans. It is noteworthy that plants
accumulate only 0.3 % of solar energy. Because of photosynthesis, the quantity of carbon dioxide in
the atmosphere was reduced to 0,03 %, and the number of free oxygen increased to 21 % or
1000 times (Qajaia, 2008).

According to F. Ramad (Ramad, 1981), 2 billion years ago, emerged the first organisms that
were able to make photosynthesis (prokaryotes: blue-green plants, bacteria, viruses), after
0,5 billion years the highest organisms (eukaryotes) emerged. As a result, 1 billion years ago,
the oxygen content in the atmosphere constituted 1 % of the modern number. Phytoplankton
increased and as a result of photosynthesis intensity atmospheric ozone was created, which
stopped the adverse effect of ultraviolet beams of the sun. This contributed to the development of
the organic world first in the upper layers of water, then on land. Millions of years later, various
species of plants were developed that were the primary products for animal and human nutrition
(Dre, 1976). The vegetation of the earth annually assimilates around 5x10 tone carbon, or absorbs
1,8x10" tone carbon dioxide, decomposes 1.3x10' tone water, separates 1,2x10* tone molecular
oxygen and gathers 4x10%7 Kcal solar energy (Eliava et al., 1992).

It is estimated that all 50-60% of oxygen is released by land vegetation and the rest by the
phytoplankton. 1 ha forest in 1 hour absorbs so much carbon dioxide as 200 people breath out in
1 hour. During one year, 1 ha of mixed forest absorbs 15 t carbon dioxide and releases 13 t oxygen.
The use of oxygen by humans depends on the physiological condition of his body, age, weight, and
sex. In medicine, it is known that the person in a waiting period in one minute spends
0,35-0,40 liters oxygen and 5 1/min during work. A person needs 500-600 liters oxygen in a day,
therefore a forest area per person should consist of at least 0.3 ha (Dre, 1976).

Although trees are less than 1 % of all plant species, they form almost 90 % of land phytosum
and 64 % of its productivity (Miqadze, 2006). So the vegetation cover is the source of oxygen, food,
and energy, and therefore the existence of humans and animals depends on the condition of the
forest cover.

In the Bible, it is known that God during the seven-day cycle of creation of the universe,
among many wonders, on the third day created forests and brought the axe to all the barren trees.
By doing so, he defined the right to use the timber. But the forest is ruined unmercifully by people.

3. Discussion

Climate warming factors

Global warming is the process of fastest growth of average annual temperatures of the Earth's
atmosphere. Scientists claim two different versions for this situation. According to the first version,
it is a periodically repetitive natural cataclysm of solar activity. It determines the 11-year, 22-year,
and 80-90-year-old changes in solar activity. The current global warming is likely to be associated with
a higher rate of sunlight, which can be changed by its reduction. In the second version, the warming in
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the Earth is because of human’s anthropogenic activity, due to the heat radiation containment, reflected
from the earth by the gases expanded in the atmosphere. From such gases, it is noteworthy: carbon
dioxide, methane, nitrogen monoxide, ozone and freons (hydrocarbon halogen), that freely passes solar
beams on earth, but holds the heat reflected by it (Tkemaladze, 2015).

From 1880 to 1930 the average annual air temperature increased by 0,5 °C. Since 1940 the
increase in temperature has changed with the decrease, and since the 1960s the intensive growth of
the temperature began on Earth (Elizbarashvili et al., 2013). With the development of the
technique over the last 1.5 years, in the atmosphere the amount of carbon dioxide (CO.) increased
by 1/3, methane (CH,) increased by 2.5 times, which excites the Earth 20-25 times more, rather
than carbon dioxide. The increase of methane is associated with pipelines and bogs leakage and
livestock. Methane is formed by means of special bacteria in the stomach of the livestock. From
their dung methane is released that is used for fuel. 1,5 billion cows living on the planet will allocate
18 % of the greenhouse gases, which exceeds all types of transport indicator. That is why the
ecoactivists of the world propagate the vegetarian diet and claim that if there is no livestock, there
will be no problems. A third of the methane in the atmosphere is created by the livestock
(Buchkovska et al., 2015).

The increase in carbon dioxide is associated with the development of industry, as well as
wood and coal burning. Every year humanity burns 4,5 billion tons of coal, 3,2 billion tons of oil, gas,
peat, and other fuel. The number of carbon dioxide increases especially by cars and aircraft fumes.
The main source of harmful substances is outdated transport and the suspicious quality of their fuel.

By the industrial activity, in the Earth's atmosphere 27 billion tons of carbon dioxide is
estimated annually and its concentration in the atmosphere has grown up to 38 %. Its 30 %
absorbs the world ocean, 13 % biosphere, and soil, 57 % remain in the atmosphere that contributes
to increase the warming. From the beginning of the industrial era, the atmosphere has
accumulated 770 billion anthropogenic carbon dioxide (Barkalaia at al., 2015).

As a result of photosynthesis, 1 ha of forests absorb 5-10 tons of carbon dioxide and releases
10-20 t oxygen. The thermal energy of solar radiation falls on Earth every year on 1 ha area of
10 billion kcal, 93.8 % of which is absorbed by the green cover (Aress, 1982).

The excessive amount of harmful gases caused by anthropogenic activity expands the ozone
field in the atmosphere, which is a very dangerous phenomenon for living organisms and is directly
related to global warming. These processes were further enhanced when people began to take up
various technologies in space. It is estimated that launching space missiles cause damage and
disruption of the ozone layer, which will lead to increased solar radiation and temperature.

Ozone layer and its change

Ozone is a blue air which molecule consists of three atoms of oxygen (Os). It occurs when the
ultraviolet radiation of the sun causes the oxygen molecule to collapse into the atoms and the
oxygen atoms are linked to the oxygen molecule (Zhorzholiani, Gordadze, 2006):

O+0:=04 (2)

There is "bad ozone" and "good ozone". Scientists call the "bad ozone" photochemical smoke,
which is located in the lowest layer of the atmosphere in the troposphere. Under certain
concentrations, it is dangerous for human health: irritates of the upper respiratory tract, causes
vegetative disturbances, pulmonary edema, dizziness, eye cataracts, and etc. Such "bad ozone" is
only 10% of the Earth's ozone and the remaining is 9o %.

"Good Ozone" is located in the stratosphere and protects the Earth from the devastating
impact of ultraviolet radiation. Ozone content is variable at different altitudes. 60 % of its total size
comes from the layer that is situated 16 km to 32 km, and the maximum concentration is
approximately 25 km. This is a 3.5mm thick of Earth's protective ozone layer that makes the planet
more suitable for human existence. Ozone that absorbs a large portion of the ultraviolet radiation
of the sun's radiation, which destroys living organisms. So the ozone layer is considered to be the
protective shield of the biosphere in the earth (Budiko, 1965). The amount of ozone in Stratosphere
depends on the geographic range, the height of the distance from the Earth's surface and the time
of year. The effects of solar radiation and oxygen, nitrogen, hydrogen, chlorine, and bromine cause
the dissolution of the ozone molecule and the ozone layer. The main reason for this is the fact that
many chemical compounds are used in household and agriculture, especially Freons (CFCL; and
CFCLs.), which were previously used successfully in refrigerators and air-conditioners.

60




European Geographical Studies, 2020, 7(1)

As a result, the ozone layer has been reduced in many parts of the world twice, and in the
Arctic, in summers, and above the Antarctic, in winters even some hole is formed. The subsequent
degradation of the ozone layer will facilitate the penetration of ultraviolet radiation into the
atmosphere that dramatically affects living organisms, causes climatic anomalies and natural
disasters. In 1996, factories of ozone disbanding substances (Freones) were closed, resulting in a
reduction in the ozone hole by 34 % in 2014. According to scientists, this hole will be reduced by
10 % by 2020.

According to the new information, by 2030 the ozone layer will be filled in the Northern
Hemisphere, by 2040 in the Southern Hemisphere, and by 2050 at the Earth's poles. It is
noteworthy that since the 50s of the 20th-century space has accumulated a lot of cosmic trash,
which comprises 25,000 items of various sizes ranging from the smallest particles to the total
spacecraft. They are moving about 25,000 km/h speed and their collision with any moving
spacecraft will cause a huge catastrophe.

Forest, its impact and importance

The forest is a vital component of the biosphere and represents a complex combination of
ecosystems of trees, bushes, and herbs, animals, birds, and microorganisms that are
interconnected in their development process and affect both the environment and each other.
The forest has a substantial impact on the processes that are occurring in the atmosphere, on the
surface of the earth and below its depths. The forest cover participates in the emergence of natural
resources such as soil, water, animals, minerals, energy, recreations, and resorts. The forest also
plays an important role in economic activity. It is a source of raw material, which is widely used in
different industries. The timber is used as building materials and still as a fuel. The forest also
provides food and medicinal products. Paper, cardboard, furniture, parquet is made of it.
15 thousand types of a piece of work are made from trees, in addition, with the increase of the
population of the planet, which predicts that in 2050 it will be 11 billion, demand for food, water,
housing, energy, family and mobile equipment and others will increase. So the increase in
population in the world and technical progress is the reason for an incredible increase in demand
for forest resources. The capture of forest areas and the irrational cutting of trees causes the
reduction of photosynthesis process and the resulting increased heat beams of the sun is the reason
that causes global warming, oxygen reducing, new viral, bacterial and chronic diseases.

Forest-Factor of Climate Formation. The importance of the forest is first revealed in the
regulation of the air elements (air temperature, humidity, motion speed, etc.) that affects human
health. For example, in summer, temperatures in the treeless areas are relatively 3-5 times higher,
which results in the acceleration of human pulse, overheating of the body and decrease of labor
ability. Dry air is also harmful in areas where is the lack of forest that causes the mouth, throat,
nose dryness and deterioration of antiinfective capacities. The high speed of wind in treeless areas
has a negative impact on breathing, blood circulation, and the nervous system.

Thus, the most comfortable conditions for people to relax and rejuvenate are created in the
forest. Besides, the beauty and attractiveness of the natural landscapes of forests have a positive
impact on the mental condition of humans, improvement of his mood, restoration of labor skills
and spiritual conditions.

The sanitary-hygienic role of the forest. In the cities, industrial centers and other
settlements the atmospheric air is systematically polluted by harmful chemical contaminants, so in
this environment, for the protection and improvement of the sanitary and hygienic standards the
greatest importance is granted to the forest, where almost all the tree-plant emissions of gliding
aromatic essential substances fitoncides, which can disappear many microbes and viruses, that
cleans and makes the air healthier. As a result, the bacteria and microbes are reduced in the woods.
1 m3 air contains up to 500 pathogenic bacteria, while in the 1 m3 air of the city there are
36,000 bacteria. It is estimated that land vegetation annually releases 175 million tons of aromatic
oils (Kandelaki, 2013).

Forest as a filter. The lower layers of the atmosphere in our era, except carbon dioxide,
are systematically dirty with harmful chemical and mechanical admixtures. The dust reduces the
sun's ultraviolet radiation, air transparency, changes the level of ionization and etc. The person
breathes 20 m3 air overnight and if the air is dusty, it causes a lot of illness: poisoning, asthma,
nasal mucosal atrophy, erosion, and etc. The forest is the strong filter of the air from dust. It is
estimated that 1 ha forest during the year filters 50-70 tones of dust. In this regard, beech copse,
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1 ha area of which filters about 68 tonnes of dust, oak copse — 56 t, pine copse — 36 t, spruce copse
— 32t are distinguished (Kandelaki, 2013).

Forest and technogenic pollution. Today, a large scale of technologization has caused
the accumulation of harmful chemical substances in nature. The contamination of air, water, and
soil with different substances reached the level that the living world, including the forests,
is threatened in many regions of the world and the desiccation of the massive forests. Experiments
have revealed plants that have the ability to remove pollution from air — to detoxification. Oleaster,
Ash-tree, Acacia, Oak, Plane-tree, Maple, and Willow are distinguished with the durability towards
harmful gases, but the Pine cannot stand them so that is why it is damaged.

Forest and noise. The great importance has the ability of a forest to absorb various kinds
of noise, which depends on the composition, structure, frequency, mixed composition of the forest.
Multi-story high-frequency copse is characterized by high noise absorption. For example, a high
(0,8) radius of 80-100 m away from the source of noise (highway) is reduced to 30 decibels in the
forest copse (Zhorzholiani, Gordadze, 2006).

Forest and yield. The influence of forests is huge for the cultivation of agricultural crops.
In the case of a forest cover, the yield increases by 20-25 % (Armand, 1964). In this regard,
the importance of forests is clearly indicated (Iashvili, 1976) in the data of the thesis: each hectare
of forest strip protects the average 30-40 hectares of the field, from which the grain yield increases
with 2-3 centner per hectares. From such protected areas can additionally be received
60-80 centner of crops and 8-10 years after the expenses incurred on the construction of forest
stripes will be fully compensated. The impact of the forest stripes is particularly pronounced in the
months leading up to drought. It is said: "The forest produces water, the water produces a harvest,
and the harvest produces the life".

Water management and soil protection skills of the forest. Part of the atmospheric
precipitation on the land surface is slept down in the soil that feeds the river all year round.
The higher is the seepage in the river the less is the flood and erosion of the soil. Therefore, forests
also perform watershed and protective functions. In this regard, the importance of forest is huge in
mountainous areas where there are many other defensive features added to the multilateral
purposes of the forest, described above. The forest in the mountains regulates the flow of rivers.
According to statistical observations, the high frequency (> 0,8) mountain forest is the main factor
that facilitates the transfer of atmospheric precipitations to the depths of the soil, thus regulating
the liquid surface runoff, improving the water balance and protecting the river from the drying
(Kharaishvili, 2001). The main thing is that forests protect the inhabited areas and populations,
roads, fields and soils from dangerous disasters such as floods, mudflows, landslides, avalanches,
erosion, etc.

World forest cover

Forest cover in the past. The oldest vegetable cover is found in Australia, which is
395 million years old. About 370 million years ago, vegetation was a form of a bush. Primary
forests were low. The tallest was then 7.5 m trees of the primitive ferns. 345 million years ago,
the Stone Age began, when dense, wide forests have been spread with 30 meters high trees and
primitive plants with seeds. During the dry climate 280 million years ago, primitive coniferous
were spread.

Sequoia trees and floral seed plants were spread over 225 million years ago. 135-65 million
years ago, the ancestors of modern Rubber-trees, Magnolias, Oaks, Willows, and Maples were
dominated. During the Paleogene period, the northern hemisphere forests were similar to modern
tropical and moderate belts of forests. In the north, there was arctic type flora. In the Tertiary, the
tropical flora spread near the equator.

Under the dry climate of the Neogene period, forests decreased and the herbaceous
vegetation was spread. The dominant has become coniferous plants. The Quaternary period began
1.8 million years ago and is still going on. The peculiarity of this period is the alternation of the ice
age and the warm glacial intervals. Because of this, the forest areas were reduced everywhere.

Forest cover in the epoch of civilization. Over the last 800 thousand years, humans
have been able to get rid of around 50 % of the forest area. These areas are occupied by crops,
pastures, settlements, and others. Several hundred years ago the forest areas were 7.2 billion
hectares, covering 48 % of the land. At present, the area covered by vegetation is 12.2 billion
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hectares 4,1 billion of which are covered with forests. Out of this, only 3,8 billion hectares are
covered with wooden plants, while the rest holds bushes, marshes, and cliffs (Gulisashvili,
Urushadze, 1973). 75 % of the lack of forest comes to the XX century during the global
demographic explosion. 80 % of forests have been changed by cultural trees.

According to FAO estimates (Table 1) in 2015 forests were covering 4000 million ha of land
or 31 % of its total area. 1488 million ha represents sparse forests, bushes and roadside trees that
are not included in the forest category. In the world's forests, up to 30,000 species of trees and
shrubs grow and thousands of animals and birds live. In the early twentieth century, the forest area
was about 2 ha per capita. In 2015, per capita comes only 0.6 ha of forests. The total amount of live
forest is 1509 billion tons, of which 25 % (377 billion tons) comes to roots, leaves, and fruits, and
the remaining 1132 billion tons represents timber. The world's timber reserves in cubic meters are
360 billion m3, that annual increment (productivity) is 3200 million m3 (Kandelaki, 2013).

With regular inventory manufactured by FAO, forestry is decreasing with high rates: from
1990 to 2000 annual decrease was 16 million hectares, and in 2000-2010, 13 million hectares, in
2010-2015 the forest area decreased with16.5 mln, ha, or yearly forests were decreased by 3,3 min
ha. In 2016, the destroyed forest area was 29.7 million hectares.

Destroying the forest increases with geometric progress every year. The reason for this,
besides the tree cutting, is that the forest area goes into land use categories (arable, towns, roads,
etc.). Forests are also destroyed because of natural disasters (landslides, avalanches, etc.) after
which the trees will not be restored. According to National Geographic, 80,000 m2 green cover is
damaged annually, causing not only material loss but also victims. For instance, fires resulted in
100,000 deaths in Indonesia. In 2017, about 100 people were killed in California, Portugal, and
Spain because of fire. The fires were hugely destructive in California in November 2018 when more
than 70 people were killed, 1400 people were lost, and up to 100 ha forest were burnt and about
80 thousand houses were destroyed. It is important to note that during the fires besides people,
a lot of live beings, living in the woods die. In addition, fires cause excretion of excessive carbon in
the atmosphere, which negatively affects water quality, forest structure, and biodiversity.

Table 1. Areas of the world forest and their dynamics

Dynamics of forest areas,
Common F;)lr est? Forest, min ha
Region area, orlocal | o g.om | Change of forest area Forest
mln ha SPfCIES, the total 2010 — 2015 Plant Area
min ha area Total Annual 2015
World 3999 1277 31 -17 -3,0 290
Africa 624 135 23 - 14,2 -2.4 16
Asia 593 117 19 -34 0,8 129
Europe 1015 277 34 1,9 0,3 82
North and
Central 751 320 33 0,4 0 43
America
South
America 842 400 49 -10,1 -2 15
Oceania 174 27 23 1,5 0,3 4

With the destruction of forest from the beginning of XXI century, forest cover will be
increased by artificial forest (3,3 million hectares) or naturally restored forest (27 million ha a
year). From 2000 to 2010, forest area in Asia grew by 2,2 million ha, mainly due to the intensive
cultivation of forest in China. Forest areas in Europe have grown annually by 700 thousand ha.
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Forest cover of Georgia

Forest layout and composition. Georgia is located southwest of the Caucasus, where
climate and landscapes are diverse: wet sea subtropics to the west, steppe-continental to the south
and constant snow and glaciers in the highlands of the north. Mountain slopes in Georgia were
covered with frequent forests, where many varieties of fruits were produced, and many species of
animals and birds lived there. That's why the Georgian peasants were kept, defended and fed by the
forest. Therefore, in the past, the forest industry has been created here.

The forest cover starts from the seashore and extends to 2100-2200 m, and in some cases up
to 2500 m. The total forest fund of Georgia amounted to 3007.6 thousand hectares in 2010, which
is 43.2 % of the country's territory, but it is spread unequally: 58 % in west and 42 % in the east.
73 % of the forests are located at the height of 1000 m above 80 % of which are spread over the
slopes of over 20°. Forests cover 2770 thousand ha of the state forest fund of Georgia, with
86 protected areas covering 600 thousand ha (Atlas, 2018).

In the forests of Georgia are presented coniferous and deciduous, evergreen and leafless
trees, shrubs and giant sizes (up to 60 m and 2 m in diameter) trees, lianas, parasitic plants,
mushrooms, fruits, berries, medicinal and technical raw material plants. There are many relic and
endemic species of plants. Out of 400 types of woods, 61 are Georgian, and 43 Caucasus endemic
species. In the forests, the coniferous palms are 16 %, the hardwood deciduous — 68 %, softwood
leaflets — 7 % and other species 10 %. In the forests, the giant (70 m high and 2,5 m diameter)
Caucasian Sochi, 50 m high and 2 m diameter east beech are growing which is considered as a
phenomenon for the moderate climate zone. Chestnut, oak, maple, zelkova, walnut, box-tree and
other types of tree timber are important (Gigauri, 2004).

In the valleys of high mountains and hard to reach gorges the untouched forests
(566 thousand ha) are still remaining. According to World Bank experts, in Europe, we can hardly
find a country where the natural landscapes of unique beauty are so exquisitely replaced by old
cultural landscapes. It is noteworthy that the forests of Georgia, is the shelter of pre-ice age flora
and fauna, or Relics, that connect us with ancient geologic epochs and their area will be a huge loss
not only for Georgia but for all mankind.

Forest resource potential of Georgia. Forest resources are very important in terms of
the average forest characteristics: age 98 years, height 22 m, diameter 36 cm, Bonita III, frequency
0.54. Timber supplies 1 176 m3 per hectare, ripe and overripe copse 244 m3, coniferous 288 ms.
Forest's total timber reserves are more than 535 million m3. But, 66 % of reserves are in the
unattainable zone, where the slope incline is greater than 25 °C (Atlas, 2012).

Along with timber, more than 150 species of plants in the forests give fruits, berries, walnuts,
and other resources, using of which can make significant contributions to economic development.
More than 110 species of plants are used in medicine. 2/3 out of 48 medicinal and 200 recreational
resorts of Georgia are located or surrounded by forest. Their existence in the forest is justified by an
aesthetic viewpoint. Therefore, ecotourism and resort-recreational farming are developed in
Georgia. The potential of hunting tourism is also great in Georgian forests.

Results of Anthropogenic Impact on Forest

No one argues about the great importance of the green forest cover, but as for the proper
attention to it, it is not yet visible. The reason for this is the enormous increase in demand for forest
resources as a result of population growth and technical progress. That is why the extraction and
use of forest resources in the world are increasing annually. Such attitude towards forest causes the
destruction of it, especially in the tropical and coniferous (Taiga) areas. It is noteworthy that the
use of forest areas has helped not only the plant but also the reduction of unique representatives of
animals and birds.

Particularly negative consequences are to eliminate forests in mountainous areas where the
river water regime changes, catastrophic floods and torrents increases, erosive and landslide
phenomena develop, soil erosion, stone erosion, snow-glacier evolution, etc. occurs (Basilashvili,
2016b).

In addition, tree-plants are usually cut into forest copse as well as in the towns and planting
strips, which, in addition to the lack of oxygen, resulting in the reduction of water keeping and
catchment function, which causes drying of some springs, rivers, and lakes. The areas that aren't
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covered by the forest began to become a desert that was accompanied by the reduction of food
production (Basilashvili, 2015).

Thus, the reduced green cover in the world is no longer capable of the use and regulation of
solar heating energy. This increases the amount of carbon dioxide in the atmosphere and the
climate intensive warming. Consequently, ecological disasters are activated, leading to not only
destruction but also a casualty of human and other living beings.

The accumulated excess quantities of harmful gases allotted by the anthropogenic impact will
be returned to Earth in the atmosphere as acidic rains and radiation compounds. The sources of
acidic rainfall (rain, snow, fog) are fuel and biomass burning, metallurgy, motor transport and etc.
During the past 100 years, the acidity of precipitation has significantly increased.

Acid precipitations have a negative effect on ecosystems since such water sprays the spawns
and phytoplankton, which therefore reduces the types of hydrophones in the reservoirs.
Additionally, acidic precipitations cause corrosion of machine tools, buildings, and art samples,
and plants are damaged that is expressed by their fall of leaves and the rotting of the roots. In the
90s of the XX Century, the area of damaged forests in Germany and the Netherlands was 50 %,
Switzerland 35 %, Austria 30 %, Russia 600,000 ha (Qajaia, 2008).

Thus, the cosmic ecological function of forests is weakened. It is estimated that the cosmic
environmental effect performed by the forest green cover 3-5 times exceeds the natural revenue
received by the use of forest resources (Chagelishvili, Gvazava, 2015).

4. Conclusion

Forest is a complex ecosystem of trees, plants and living organisms, which is the guarantee of
preservation of the cosmic-ecological — economic-sustainable environment of the biosphere on
earth, along with water, air, and soil. 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, characterized by antimicrobial, ionization and
sterilization properties. By doing so, it makes the environment healthy and friendly affects human
and other living organisms. The forest also provides many types of food and medicinal products.
Thus, the forest is a powerful factor in improving environmental sanitation-hygienic conditions
with a broad spectrum of biodiversity, hence it is called vital "green lungs".

In addition, forests protect agriculture and populated areas from strong wind. Forest is also
the main factor for regulating water resources. 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.

The forest has great importance in agricultural activities, as a source of raw timber, which is
used in various industries. With the increase of population and farming, demand on the timber is
increasing as well. Because of this, forests are cut and the forest area is reduced to 0.3 % annually
in the world. Over the last decade, 25 thousand plants and more than a thousand species of animals
have been completely lost. This caused not only the development of the technique but the wrong
approach towards the forest. In the opinion of a certain part of society, nature is a gift that we must
use to profit, even at the expense of its pollution. With such approaches, forests are dying.

In addition to plant cutting and disease, the forest is also damaged by fires, which have become
more frequent in areas of different countries due to the negligence of adolescents in terms of climate
warming. It is noteworthy that fire prevention is much cheaper than the elimination of their results,
which is not fulfilled. Because of all this, the world's lowered green cover is no longer able to regulate
the heat energy of the solar radiation. Because of this the number of oxygen decreases and the amount
of carbon dioxide increases in the atmosphere and climate heats intensively.

According to expert conclusions, the global warming in the XXI century will continue and the
temperature of the Earth may increase by 2-4 °C, which will seriously damage the ecosystems and
most of the world's countries’ economies. So technical progress, on the one hand, improves the
conditions of human well-being, but on the other hand, threatens their future. The process of
weakening of self-purification, self-regulation, and self-restoration is underway not only in a
specific environment but also on a planetary scale.

Today, the protection of nature and the rational use of its resources is the primary problem of
human significance. It is a necessary precondition for biosphere existence. Therefore, in all
countries of the world, special attention should be paid to the protection and expansion of forest
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cover. The population and administration in every settlement should take care of their forest cover
and renovation. Useful plant varieties should be selected for renovation and, if necessary, their
selective cuts should be carried out in the number of annual increments with the score to ensure
that their natural recovery is restored. In agricultural fields, the protective lines of the forests
should be planted, which will help to increase yield. In order to ensure rational use of forest
resources, its manufacturing and processing processes must be undertaken with complex non-
waste technologies.

In order to protect the biodiversity of forests in the perspective, the system of biomonitoring
should be created and timely restoration of forests and their management should be carried out.
It is necessary to develop long-term programs for the rational use of forest resources in order to
improve forest productivity and its qualitative composition; Complex production of timber raw
materials — introduction of techniques of progressive methods of processing and non-waste
technologies and finally creating protected areas for the purpose of maintaining biological and
landscape diversity.

It is also necessary to raise the knowledge of the broad parts of society on nature and its
rational use. Proper bring up of the youth and their love of nature can save the biosphere and our
natural environment from destroying and bring us economic prosperity.
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Current Problems of Fresh Water and Trends in the Flow of Water
in the Rivers of the South Caucasus in Georgia
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Abstract

Due to global warming and the Earth’s overpopulation, vital fresh water resources are
expected to suffer irreplaceable losses; thus, fresh water shortage is the most acute problem of our
time.

The paper presents the characteristics of the state and problems of freshwater resources,
there is a large disproportion in their distribution. Having studied the long-term dynamics of river
water flow, it was found that with increasing intensity of the Caucasus glaciers’ melting, river water
flow increases here while in non-glacial zones, it decreases. Numerical values of their annual
changes have been established.

Particularly acute problems of water scarcity are expected in eastern Georgia, where, due to
the dry climate, the shortage of irrigation water will lead to a decrease in yield — the source of
livelihood of the local population. Expected droughts will contribute to desertification processes.
Therefore, it is necessary to rationally use the available water resources and take measures to
replenish them in order to overcome the expected economic and social crisis and ensure
environmental safety.

Keywords: water deficit, glaciers, forest cover, multiyear dynamic, parameters of trend,
desertification.

1. BBegeHnue

Boma, cosi€HOCTh KOTOPOU He IIpEeBBINIAET 0,1 %o, Ha3bIBAeTCs MpecHON Bozou. Ha Hammen
IUTaHEeTe TPecHble BOAbI OBIBAIOT TMOBEPXHOCTHBIMH, OCAJIOYHBIMU U  II0/I3€MHBIMU.
K 11oBepXHOCTHBIM OTHOCATCSI PEKH, 03€pa, JEAHUKU U PYYbU, K OCAZOUYHBIM — CHETa, JOXKIU U
Tpaji, K MOJ3€eMHBIM — POAHUKU U UCTOYHUKU.

U3BecTHO, UTO 70 % 3€MHOrO IIapa MOKPBITO BOJAOU, KOTOpPAs CO3JAET €ANHYI0 CTPYKTYPY
MHPOBOTO OK€aHa ¢ MOPSAMH, 03épaMH, PeYHbBIMH OacceliHaMu W Ap. M3 HUX TOJBKO 3 % BOJIBI
ABJIAETCS MPECHBIM, U3 KOTOPOU JIUIIb 1 % JIOCTYITHO Y€JIOBEYECTBY.

Ha Bkyc mpecHas Bojia ObIBaeT COJIOHOBATOM, C/IQJIKOBATOM, C TOPEYbI0 W KHCJIEHBKOM.
[IpecHyr0 BOAy ZeAT HA ABA BUJIa: OOBIYHYIO U MUHEPAJIbHYIO, KOTOPas OTJIMYAETCS OT OOBIYHOU
MIUTHEBOU BOJIBI COZIEPIKAHUEM B HEH OIpeJIeIEHHBIM KOJTMYECTBOM Pa3HbIX MUHEPAJIOB U OBIBAIOT:
JieueOHOI, 1eueOHO-CTOJIOBOH B CTOJIOBOH.

Pacrnipeniesienne nmpecHOM BO/bI IO 3eMHOMY IIapy KpaliHe HepaBHOMepHO. B EBporne u Azun,
I7ie IPOXKUBAIOT 70 % HaceJIeHUs MUPA, 3a1achl IIPECHBIX BOJ, COCTABJIAET JIUIIb 39 %, U3 KOTOPBIX
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HauOoJIbIlIee KOJTMYECTBO CKOHIIEHTPHPOBAHO B pekax U o3épax. Ilo pecypcaM MOBEPXHOCTHBIX
BOJI, Beylllee MeCTO B MHpe 3aHMMaeT Poccus. 37ech TOJIBKO B o3epe baiikan cocpeoToueHo
0K0JI0 20 % (23000 KM3) MUPOBBIX 3aI1acOB 03epHOM IpecHOi BoabI (I[IpecHas Bosa).

ITo manupiM OOH Ha 1 KM? IUJIOIIAJIed TEPPUTOPUU CYIIN HAa 3eMJie TPUXOAUTCA 0,263 M3
MPECHBIX BOJIHBIX PECYpPCOB, a Ha OJHY AYIIy HaceJeHHs — 7056 M3. DTH Ke IOKa3aTeadu JJIs
EBporbl cocTaBisaioT 0,318 M3 1 3934 M3 COOTBETCTBEHHO. [10TpeOHOCTD B IPECHOM BOJIE HA IYIILY
HaceJIEHUsI COCTaBJISIET 150-200 M3 B TO/l, & B CTPAaHAX, PACIIOJIOKEHHBIX Ha IyCThIHAX MTOKA3aTEeh
obecrieyeHus MPECHOM BOABI TOJIBKO 20-35 M3.

KosngyecTBO 1IpecHOM BOABI HCIIOJIB3YEMOH UEJIOBEKOM COCTaBJIsIET MeHee 7 %
TUZPOpeCcypcoB 3eMi, a 70 % BOJIbI YIIOTPEOISeT cesibcKoe X03satcTBo (Kapkarmaznze, 2015).

Boma mpucyTcTByeT Bo Beex OMOJIOTHUECKUX ITpoIieccax v 6€3 Bo/Ibl HEBO3MOXKHO Pa3BUTh HU
OJIHYy OTpacjib 9KOHOMUKH. EXf IPUHAJIEKUT BAXKHOE U MTOPOU pelIamIias pojb Kak B CEJIbCKOM
XO3AHCTBE, TaK M B IIPOMBIIIUIEHHOCTH, B dHEpPreTHKe U T.J. TakuM oOpa3oM, Bojila — OJIHO U3
HauOOJIBIIINX COKPOBHII] Ha HAIlled IUIaHeTe — 3aJI0T JKU3HU, II039TOMY MOXKHO CKa3aTh, YTO, €CJIU
BOJIHBIE 3aIIaChl HCUEPITAIOTCS — BCEMY JKHBOMY Ha 3eMJIe IIPUJIET KOHEII.

2. MaTepuaJibl U METOABI HCCIeJOBaHUSA

B craTbe a1 XapaKTEPUCTUKU COCTOSHUSA U CYIIECTBYIOIIUX ITpo6JieM 10 BOJHBIM pecypcaM
OBLIHN UCIIOJIb30BAHBI JINTEPATYPHBbIE HICTOYHUKHY U Pa3Hble OpUIaTbHbIe HTHOOPMAIUH.

B mensax uccieoBaHuA M3MEHEHUs CTOKA PEK HCIOJIb30BAHBI MaTepHUasIbl HAOIIOAEHUHA 3a
pacxolaMu BOABI Ha 16 THUJIPOJIOTMYECKUX IIOCTaX, PACHOJIOKEHHBIX Ha Tepputopuu I'pysuu,
3a IIEPUO/] CYIIIeCTBOBAHUSA HAOJIIO/IEHUH.

Jna BBIABIEHUS TEHJIEHIIUM HN3MEHEHUs CTOKa BOABI PeK ObLI HCIOJIb30BAaH METO/I
HCCJIeIOBAaHUA UX MHOTOJIeTHEN AuHaMuKu. KosmyecTBeHHasA OIleHKA €XKeroJHOT0 W3MeHEeHU:
CTOKA BOJbI IIPOUCXO/INJIA T10 OIIpe/ieJIeHUI0 ITapaMeTPOB YPaBHEHU BBIABJIEHHBIX TPEH/IOB 110 UX
MIPAMOJIMHENHBIM allIPOKCUMALIUAM.

3. O6¢cy:kneHue

CocrosaHME BOOJHBIX pecypcoB

Hawubospimass 9yacTh NpecHOW BOJBI HA 3€eMJIE COJIEPKUTCSA B JIEAHUKAX, aicbeprax u
IIOCTOSTHHBIX CHETaX, JI0JIs1 KOTOPBIX OT OOIIEel CyMMBbI COCTaBJIsieT 69 %, HA BTOPOM MECTE B 3TOM
OTHOIIIEHUH CTOAT IMOA3eMHbBIE BOABI (30 %). [ToMuMO 3TOTO, IIpECHBIE BOABI CYIIIECTBYIOT B BEUHOU
Mep3JIOTe, B IIPECHBIX 03€pax, B 00J1aKax, B peKax U PyUbsX.

CormmacHo wHpopmaruu (The World’s Water) B Tabsuie 1 mpuBOAATCS BCe HUCTOYHHKH
IIPECHOU BOJBI Ha 3eMJle, UX KomdecTBO (kM3) u ;o (%) ot oOmierr cyMmMbl. 13 5TOM TaOJIHITHI
BHU/IHO, UYTO HAUMEHBIITUH O0BEM (2120 KM3) MpecHON BOALI HAXOAUTCA B PeKax, KOTOPHIA U3
O0IIell CyMMBI COCTaBJIAeT JIMIIb 0,006 %, HO CJIelyeT OTMETUTh, YTO B OTJIMYHU OT JAPYTHX
HCTOYHUKOB, ITPECHBIE BO/BI PEK U PyUel ABJISAIOTCS IOCTOSHHO BO30OHOBJIIEMBIMU U HANOOJIEE JIETKO
JIOCTYITHBIMHY 1S Jiofiedl. [ToaToMy ¢ JJaBHIX BPEMEH JIFOJI CTPOWJIU CBOE JKIUIBE 0 Oeperam pek U
OCBAaWBAJIM UX JIOJIMHBI U Teppachl, KaK JUIA CEJIbCKOXO3ANCTBEHHBIX KYJIbTYyp, TaK U JUIA
XO3SIMCTBEHHOTO JIEJIONTPOU3BO/ICTBA, IIOCTPOEHUA 3JaHUH, ITyTel, TMHUN 5JIeKTpoIepeaady U Jp.

Tao6smma 1. VIcTOYHMKY ITPeCHOU BOJIBI, UX 00BEMBI (kM3) 1 10151 (%)

Buj ucrounuka O6nem %
KM3

JlenHUKH, alicOepTy, MOCTOSTHHBIA CHET 24 000 000 68,7
ITogzemHas npecHad BOJA 10 500 000 30,1
Beunast Mmep3aJsioTa 300 000 0,86

IIpecHbIe 03€pa 91 000 0,26

ITapsr aTMOcheEpPBI 12 000 0,04
Pexn 2120 0,006

Bcero 35 000 000 100
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T'uposornuecKkuii pesKuM peK OIpeJiesisieTcs] KINMaTo0OpasyoIuMu (pakTopaMud U B TOM
ypcyie OOIIed MUPKY/IANUU aTtMocdephbl, KOTOPBIH CBsA3aH K COJTHEYHOH aKTHUBHOCTH. Kak
W3BECTHO, NMPU MUHUMAIHHON COJIHEYHOH aKTUBHOCTH, KOT/la KoJimdecTBO IaATeH Ha CoJtHIle
(umcno Bosbda) mocturaer 30, Ha 3emsie He OBIBAIOT 3acyXd W HeZocTaTok Biaru. Ciemyer
OTMETUTD, YTO YPOBEHD TPYHTOBBIX BOJI, OECCTOYHBIX 03EP M PACXO/bl BOJIBI PEK TaKKe CBS3aHBI K
COJIHEYHOU aKTHBHOCTH.

IIpoG/ieMa HEXBATKU MPECHOMN BOABI

IIpecHass Boja cuWTaeTcs HEUCCAKAEMBIM IIPUPOJHBIM PECYPCOM, TaK Kak Osaromaps
KpPYTrOBOPOTY BOJa B IIPUPOJIe, €€ 3allachl IMOCTOSHHO BOCCTAaHABJIWUBAKOTCA. [103TOMY paHbIie
CUYUTAJIH, YTO IIPUPOJIHBIE PECypPChl HemcdepIlaeMble U WX MOKHO HCIIOJIb30BaTh OecrpesebHO.
Ho B cBs13U ¢ yBeTMUEHHEM COJTHEUHON aKTUBHOCTH Ml CMEHOU KJIMMATa, JIesITETbHOCTHIO YeJI0OBEKa,
IepeHaceJIEHHOCTH 3eMJIH, KU3HEHHO BaKHBIM PECYPCOM OJKUJIAFOTCS HEBOCIIOJIHHMBIE ITOTEPH.
Ha ¢doHe coBpeMeHHOrO MOTEIUIEHHS KJIUMaTa, OCOOEHHO OIIMYTHMBIM CTAaHOBHUTCS IMPOOJIEMa
HEXBAaTKU TPECHBIX BOJ JJII MHOTHX PETMOHOB MHPA, KOTOPHIA MOKET CTaTh OCHOBHBIM H3
PeCypCHBIX OTpaHUYHTEEH Pa3BUTHS SKOHOMHKH.

I[To mamapiM OOH Ha Hayasio 2000-X TOAOB Oojiee 1,2 MJIPA JIKOJIEH SKWIM B YCJIOBHSX
ITOCTOSTHHOTO JIe(DUITUTAa TIPECHOU BOJBI, OKOJIO 2 MJIPJ CTPAJIAlOT OT HEro peryssapHo. 1o JaHHBIM
2010 roja M3-3a IJIOOAILHOIO IIOTEIUIEHHA Ha 3eMje eKEeroJHo IIorubaso 300 000 UYeJIOBEK,
a K 2030 To/1y, 5TO YHCJIO TIOBBICUTCA /10 500 ThIC. (I/100a1bHAsT SKOJTOTUYECKast IIEPCIIEKTHBA, 2009).

B nmanpHelineM u3-3a yBeJIMUEHUs HACeJIEHUS, PA3BUTHs ITPOMBIILIEHHOCTH M CEJTbCKOTO
XO35TUCTBA, BOJIONIOTPEOHOCTh €IE€ YBEJHMYUTCS W HaceJleHHe MUpa OKaXKeTCs B YCJIOBUSX
nedwuruta mpecHbIx Boj. [To mporaozam OOH, k 2025 rojty BoZIOIIOTPEOHOCTD YBEJTMUUTCS HA 40 %
U 2/3 4YesoBeuecTBa OyleT MPOKHUBATh B YCJIOBUSX OCTPOM HEXBAaTKU IMHUTHEBOW BOAbI. 3-3a
3aCyXOB B Te€UeHUH 30 JIET MIUIHOH YeJIOBEYECKOH JKU3HU OKaKeTcsl B OMAacHOCTH. B 2032 roay
IOJIOBUHE HaceJleHHs 3eMJIM TPO3UT 3acyXa U 70 % BHUJOB JKHUBOTHBIX OYAyT HA CTBHIKE
YHUYTOKEHUS.

ITo nanapiM OOH k& cepenune XXI Beka UMCIEHHOCTD KUBYIIUX IIPU MOCTOSIHHON HeXBaTKe
BOJIbI TIPEBBICUT 4 MJIPJ 4esioBek (Boma muis stozeit, 2003). Kpome 3T0Oro, B MuUpe IMpPUMEPHO
1/3 HaceJIeHUsI JKUBET B PETHOHAX, TJl€ CEJIbCKOXO3SIUCTBEHHAs OTPacjb OCHOBAHA TOJIBKO Ha
HCKYCCTBEHHOE opoliieHre. Ho ¢ OBBIIIIEHNEM KOHIIEHTPAIIMU TAaPHUKOBBIX Ta30B B aTMOcdepe U
O’KH/IaeMOT0 U3MEHEHUs KJIMMAaTa, B OyAyIeM 3acyxa MOXKeT CTaTh OoJiee cephE3HOU MPOBIIEMOH,
TaK Kak yKe HaOozaercs AeduIuT BojAbl HeOOXOAWMMBIE JJIA OpollleHus. M3 roma B rof
YBEJIMIHUBAETCS TIPOILIEHT OPOIIIaeMbIX CeJIbXO3YTO/INi, KOTOPBIH B HACTOSIIEe BPEeMs COCTaBJISET
17 % Tepputopun 3eMutu. I 7106a7IbHOE TIOTEIUIEHWE KJIMMaTa Oy/IeT criocoOCTBOBATh YBETUUEHUIO
BETETAI[OHHOTO IEePHUO/Ja U IIOBBINIEHUS BEPOSATHOCTH SKCTPEMAJIbHBIX SIBJIEHHH, TaKHX KaK:
HaBOJHEHUsI, JIeCHbIe IIOXKaphl, 3aCyXH, OIyCThIHUBaHWE ¥ Jip. Ha pekax oKujaercs CIBUT
BECEHHETO T0JIOBOJIbS Ha PaHHHE CPOKH M COKpAIlleHHEe CTOKA BOJIbI BEreTaIlMOHHOTO TEPUO/IA.
COOTBETCTBEHHO C 3TUM YBEJIMYATCS OPOIIIaeMble 3eMJIM U BOJONIOTPeOIeHE HAa OPOIIIEHHE.

Henmocratok MOJMBHOU BOZABI OTPHUIIATEIBHO BJIUSET HAa KOJUYECTBO Y KAUECTBO YpoOsKas.
I[Ipu pedunure BIaru W BO3JEUCTBUS BBICOKHUX TEMIIEPATyp, IIOTEPH YporKas Oyzer
3HAYUTEbHBIM, BHI3BAHHBIN KaK IOTEIJIEHHEM, TaK ¥ YBEJIMUYEHUEM YHCJIOM 3aCylLINBBIX JIET.
OObIYHO TOTpeOJIsIEMasi CETbCKO-XO3SMCTBOM BOJZIa HE BO3BpAIAETCA B UYHCTOM BUJIE U 3TO
€CTECTBEHHO, a 22 % HCIOJIb3yeMOU BObI “IipornazaeT” W He Bo3BpaiaeTcsa. Hayka uier crnoco0bl
YMEHBIIIeHUs TOTEPH BOJBI — 3TOTO OCHOBHOTO 3JIEMEHTA *KU3HH. B YMCII0 TTIepBOOUEpEIHBIX 3a/1a4
B 9TOM OTHOIIIEHHUH SIBJISETCS ITOUCK IyTeH M CIIOCOOBI PAIlHOHAILHOTO UCIIOJIb30BAHUSA TOJTUBHOM
BOJIbI, 10/100Pa KyJIbTYp U COPTOB PACTEHUH, yCTOMUYHUBBIX K BOJHOMY CTPECCY.

JKCIepThl IIPOTHO3UPYIOT, YTO, €CJAU 4YeJIOBEUEeCTBO B OJmrkaiinee BpeMs He HaHAET
aJIbTEPHATHUBY HCIIOJIb30BAaHUA MPHUPOIHBIX 3aIlacOB IIPECHBIX BOJ, MpobjieMa HEeXBAaTKH BOJIbI
JIOCTUTHET TJI00aJIbHBIX MacIITaboB, UTO TPUBEAET K HECTAOMJIBHOCTH B OOIIECTBE, VIIAJIKy
SKOHOMHKH B T€X CTPaHaX, I7ie BOJAHbIE 3aMachl CKyHbIE, BOWHAM U MUPOBBIM KaTaKJIM3MaM.

IIpoGsema 3arpA3HeHUA MIPECHBIX BOJ

[IpecHast Bojia OTHOCUTCSA BO30OHOBJISIEMBIM ITPUPOIHBIM PECYPCOM, HO MPU HENPABUJILHOM
€€ WCIOJIb30BAHWM, OHA CTAHOBUTCS HEIPHUTOJHOU, MO3TOMY KpoMe AedHuINTa MPECHON BOJBI,
aKTyaJIeH BOIIPOC €€ 3arps3HeHUs] 1 HEMPUTOAHOCTH /I NCIIOIb30BaHusA. [IpUUnHbI 3arpsa3HeHUsT
SIBJIAIOTCS.  TIPUPOJHBIMH U HCKYCCTBEHHBIMU. K NPUPOAHBIM KaTaKJIM3MaM OTHOCSTCS
3eMJIETPSICEHNS, HABOJHEHUS, CEJIH, JIABUHBI, OIMOJI3HH WU IpoYue. VICKyCCTBEHHbBIE TPUYHHBI
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CBsI3aHBI C JIeATEJHLHOCTHIO UesioBeKa. [10 pa3BUTUHM MPOMBINLIEHHOCTH 3aBOAbI, (HabpUKu U
aBTOMOOMJIBHBIM TPAHCIIOPT BbIOPACHIBAIOT B aTMOcdePy BPeIHBIE BEIIeCTBA, KOTOPbIE BHI3BIBAIOT
KUCJIOTHBIE JIOKAU. Kpome B5TOro, YesoBeK 3arpsA3HAET BOAY Kak IPU KOMMYHaJIbHOM
00CTy?KUBaHHUH, TaK U Pa3HBIMHU OTXOJaMH, ITeCTUIHAAMU U Jip. OT KaHAIU3aIUuK BO/Ia CTEKAET B
peKax U B JIpPyTUX BOJ0EMAX, KOTOPbIE ABJIAIOTCA CPEOU CYIIIECTBOBAHUSA MHOTHX JKHUBBIX CYIIIECTB.

3arpA3HEHHBIE BOJIBI MOTYT CTaTh IPUUNHOMN UCTPeOJIeHUA MHOTUX BU/IOB *KUBOTHBIX U PbIO,
a TaKk)Ke BBI3BIBAET CMEPTEJIHHO OIACHBIE 3a00s1eBaHUA Y JIIOAel: TUd, X0aepa, OHKOJIOTUUECKHE
3abo0JieBaHNsA, BPOXKAEHHBIe aHOMaMuu U Ap. Ilo manusiM Becemupnoit Opranuszanuu 3710pOBb4,
npuuuHON 80 % 3a00J1eBaHUU ABJISIETCA TPSA3HAs BOJIA, IO3TOMY YTOOBI HE ITOBEPTATh OPTAaHU3M
OTIACHOCTH, BCEr/ia CJIeAyeT CJIEIUTh 3a KAa4yeCTBOM BOJbI, DU HEOOXOIMMOCTU HCIIOJIb30BATh
creruaTbHble QUIBTPBI, OUUIIIEHHYIO Oy THJIMPOBAHHYIO BOAY.

B Mupe exxerogHo crekaeT B BOAOEMAxX OKOJIO 500 MJIPZ M3 UCIIOJIb30BaHHbBIE 3arpsA3HEHHBIE
BOJIbI, M3-32 YET0 HEKOTOPBIE BOJIOEMBI y3Ke He MOTYT OOHOBJIATh UX U OJKUJAAETCS, YTO OHU CTAHYT
MEPTBBIMU.

ExxeronHo Ha 3emsle M3 IUIOJIOPOAHBIX 3€Meb 21 MJIH Ta CTAHOBUTCA HETOAHBIM I
CEeJIbCKOXO3STMCTBEHHOTO IPOU3BOJICTBA, a 6 MJIH ra J100aBJseTcsl IyCTHIHAM. DTO MpobseMa
CBs3aHAa B OCHOBHOM K BOJIe, B pe3yJbTaTe AHTPOIIOT€HHOTO BO3JEHCTBUS K IJIOOAJIBHOTO
noTrervieHus kaumara. B 9o-x rogax XX Beka 0koJyio 80 roCyZapCTB, T/I€ JKUBET 40 % HaceJeHUs
BCEr0 MHUPA, YK€ IMEePEeXUIN HeAoCTaTOK Bojbl. CeromHs 1/3 HaceJeHHUs MHUpa KUBET B TeX
CTpaHax, IJie BOAOIOJIb30BaHUE HA 10 % BbIIIE, YeM pecypchbl Bojbl (I1obanpHas 9KoI0THUECKAs
IIePCIIEKTUBA, 2009).

[Ipy MHTEHCMBHOM aHTPOIOTEHHOM BO3/EJBIBAHUM, BOJIA HE TOJIPKO 3arpsA3HAETCS, OHA
MOXKeT HCCSAKaTh, HAIPUMeEp, IPHU BHIPYOKE JIECOB WJIM MHTEHCHUBHBIM H3BJIEYEHHEM ITOJ3EMHBIX
BOJI, YTO YaCTO BBI3BIBAET JIEIIPECCHIO IIOYBHI U CO3JaHUE OTPOMHBIX BODOHOK.

IIpo6J1eMBbI MPpECHO¥ BOABI B TOPHBIX ycaoBuax ['py3un

OCHOBHBIMH HMCTOUHUKAMHU IPECHOUW BOJIbI B I'py3um sIBJIAIOTCA PEKHU, CTEKAIOIIHE C TOP
Boswioro (1a Ceepe) u Masoro (Ha Ore) KaBkasa, koTopble cTekatoT Ha 3amajzie B YEpHOe Mope,
a Ha Bocroke TekyT k Kacnuiickomy mopio. Kpome pek, mpecHble BOJBI HAaXO[ATCA TaKKe U B
JIPYTUX BOJOEMAaX, JAHHbIE KOTOPBIX IPHUBENEHBI B TAOJIUIE 2, COCTABJIEHBI HA OCHOBE JIAHHBIX
NpUBeZIEHHBIX B MoHorpadusax (Bomneie pecypcbl 3akaBkasdbs, 1988; I[IpupojHble pecypchl
pysun, 1991). CymMMapHBIi O0BEM BCEX MOBEPXHOCTHBIX PECYPCOB IPECHBIX BOJ[ COCTABJISET
100 KM3, U3 KOTOPBIX HAaHUOOJIBIITUN 00BEM (65 KM3) BOJZIBI B oy (GOPMHUPYIOTCA B 26060-X peKax,
a Ha BTOPOM MeCTe B 9TOM OTHOIIIEHUH CTOAT JIEAHUKH, B KOTOPBIX HAXOATCA 30 KM3 00BEM BOIBI.

Tao6suna 2. [ToBepxHOCTHBIE TPECHBIE BOJBI ['py3uu

I/ICTO‘{FI/IKI/I KoJImaecTso IInomanp O0BEM BOIBI Tonsa %
IIPpECHOU BOJBI KM?2 KM3

Pexn 26060 65 65
Jleguuku 786 556 30 30
O3sepa 856 169 0,72 0,7
Bogoxpanunuina 44 120 2,51 2.5
Bosora 87 1080 1,80 1,8
Cymma 100 100

B T'pysum, Kpome MNOBEPXHOCTHBIX, UMEIOTCA U IIO/I3€MHBbIE pecypchl MPECHONH BOJABI C
obbémoMm 18 km3. Ha Teppuropuu 3adUKCUPOBAHBI Tak:Ke O0jiee 2300 UCTOUHUKOB MUHEPATbHBIX
BOJI C CYTOYHBIM JeOWTOM 130 MJIH JI. MU 1500 KapCTOBBIX IEIepP ¢ HEBUAUMBIMU O3€paMH U
pekamu. TakuM 00pa3oM, COBOKYITHOCTh BCEX IOBEPXHOCTHBIX U IOA3EMHBIX BOJHBIX OOBEKTOB
CO3/1aI0T MTPEKPaACHYI0 COKPOBHUIIHUIYY OOraTCTBa MPeCHBIX BOJ ['py3uu, ryie BoA00OECIIeueHHOCTD
Ha 1KM? IUIOIIAJI TEPPUTOPUHU COCTABJISIET 949 KM3, a HA OZHOTO KUTeJIA 3a TOJi NPUXOAUTCA
11,3 ThIC. M3 BozbI (IIpuposHbie pecypenl ['pysuu, 1991).
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duszuko-reorpadpuueckie U KJIMMaTH4YeCKHe YCJIOBUSA Ha Tepputopuu ['py3uu
00yc1aBJIMBaOT OOJIBINIOE THUAPOJIOTHYECKOe pa3zHooOpasre M HepaBHOMEPHOE pacIipe/iesieHue
CTOKA BOJbI PEK HA TEPPUTOPUU 3aMaJHON M BOCTOYHOUW YaCTU C OJMHAKOBBIMH ILIOLIA/IAMU.
W3 cyMMapHOTO TOJOBOTO CTOKAa BOJBI BCeX peK 77 % — 50 KM3 IPUXOAUTCA B 3amagHoH,
a ocTaibHOE 23 % — 10 KM3 Teu€T Ha TeppuTopuu Bocrounoii I'py3suu. BeicoTa cyiost BOABI peK Ha
3a11a/ie COCTaBJsAeT 1300 MM, a Ha BOCTOKE TOJIBKO 400 MM. CaMbIMU MHOTOBOJIHBIMU SIBJISIIOTCS
peKH, cTekaromue B 3amajiHoN yacTh KaBKa3CKUX Trop, I7le TOAOBOU CTOK COCTAaBJISIET 4000 MM,
a caMbIMH MAaJIOBOJAHBIMU fABJISAIOTCS peku FOro-BocrtouHoit wactu I'py3um, re CTOK COCTaBJISET
TOJIBKO 50 MM (BoaHbIe pecypchl 3akaBKasbsi, 1988).

B BepXOBbBSIX Y UCTOKOB TOPHBIX PEK B HUBAJIBHOU 30HE JIEAHUKU SIBJISIOTCS ITPUPOTHBIMH
aKKyMyJISTOPaMH IPECHOU BOJIBI, T/I€ OHU IOCTYIIAIOT B XOJIOJIHBIN MEPUOJ] TOJIa OT aTMOC(EPHBIX
OCaJIKOB U aKKyMYJIUDYIOTCA B BHJEe JbJla. Bo/ly OHM OTHAIOT B KapKUX JIETHUX AHAX, KOTAa
MMOTPEOHOCTD K BOZIE BBICOKAsA. DTH BOJIBI II0JIE3HBI BO BCEX OTHOIIEHHX, KaK BBICOKOKaUeCTBEHHAs
MMUThEBAsI BOJA WM SIBJISIIOTCA MCTOYHUKAMH HUTaHUA pek. CieayeT OTMETUTh, YTO HabJII0/IaeTcs
CUHXPOHHOCTb JMHAMHUKHN HEKOTOPBIX JeAHUKoB KaBkaza u Asbnuiickux rop. OHU HMEIOT
CXOJITHbIE HUCXOJIAIINE TPEH/Ibl, KOTOPhle Hauaiuch B KoHIle XIX Beka. Ho B 1960-1970-x rojax,
KOr/la TeMIleparypa BO3/yxXa YMeHbIIWIAch Ha 0,4 °C, OTMeUYeHO yBeJIUYeHNe JIEAHUKOB U CABUT
Buepén (Mymtazaze u zip., 2008).

Ha ¢one riobanpHOTO TTOTEIUIEHU, B [')py3uu 3aMedaeTcs MOBBIIIIEHNE ITPUPOJIHBIX 30H Ha
100-150 METPOB M OCBOEHHO€ HaceJeHHeM CyOaJIbIMHACKUX U aJbIIUHUCKUX 30H BBHI3BIBAET
aAHTPOTIOTEHHYI0 HAarpy3Ky Ha JeaHukax (Mymtaaze, 1991). TpeBoXKHO M TO, UTO IO MPOTHO3Y B
2030-2050-X TOjlaxX IUIOIIAAbL OJIeJIEHEeHUSI COKpATHUTCA HA 20 % W 40 %, U COOTBETCTBEHHO
YMEHBIIIaTCsl 3amachl BOABI B JieAHUKaX Ha 10 % u 30% (Illenremus, YwmmkaBanase, 2003).
B nacrosimmee BpeMs KaBka3 BXOAUT B UYHCJIO0 200 TIJI00QJIBHBIX 5KO PETUOHOB, BBIIEJEHHBIX
BcemupubiM ®onrom 3amtutsl [Ipupoast (WWF). KaBkas Takske sBJISIETCS OJTHUM U3 BbIJEJIEHHBIX
Ha 3emste 35 ropsuux Touek (Hot spots) mo 6uopasznoobpasuio. I'py3us 6oraTta pa3HOBUIHBIMU
JKUBOTHBIMH M PacTEHUSIMU U MHOTO PEIKUX BHJOB BHeCEHbl B cnucok KpacHout Kauru
Mesxaynapoanoro Coroza 3amutsl [Ipupoast (IUCN).

Bojiabie pecypcebl I'py3uu IMIMPOKO HUCIIOJIB3YETCsl BO BCEX OTPAC/IAX XO3SMCTBA PeCITyOIUKU:
JUISL HY>K/ HaceJIeHUs, SDHepreTUKU, TPOMbIIIIJIEHHOCTH, OPOIIIeHN s, }KWUBOTHOBO/ICTBA U B JIPYTHX
1esisiX. BogHble OOBEKTHI HCIIOJIB3YIOTCS TaKyKe JJIsi BOJHOTO TPAHCIIOPTa, PHIOOBOJCTBA,
CIIOPTUBHBIX Iiejiel, oTAbIxa U Ap. [loTepu BOABI HA HYXKJBI XO3SUCTBA WHOT/IA 3HAYNTEIHHBI.
Bospiioe  KOJIMYECTBO BOABI B PErHOHE HWCIOJb3YeTCs B ITPOMBINIJIEHHOCTH, B YAaCTHOCTU B
SHEPTreTHUKe HCIIOJIb3YeTCS OKOJIO 35 KM3 BOABI Ha 8 TEIIOBBIX M Oojiee 60 THUAPABIUYECKHUX
3JIEKTPOCTAHITUAX, KOTOPBIE 3a TOJ BbhIpabaThIBAIOT OoJiee 15 MJIPA, KBT Yac 3JIEKTPOIHEPTHH.
OOmuii TUAPOIHEPTETHYECKUH pecypc pek I['py3wu cocTaBiseT 137 MJPZA KBT 4Yac B TOAY C
MOIITHOCTBIO 15,6 MUTH KBT, M3 KOTOPBIX 2/3 4YacTh NPUXOJAUTCA B 3amajgHOH, a 1/3 4JacTh B
Bocrounoii I'pysuu. 13 o01ux pecypcoB TeEXHUUECKH MOXKHO OCBOUTDH 85 MJIP/, KBT Uac, HO U3 HUX
SKOHOMUYECKH IIPUeMJIEMBIN TOTEHITUA COCTaBJIsAeT He OoJiee 50 MuIp/ KBT vac (BozHble pecypcbl
3akaBKasbs, 1988).

3HaunTeIbHAsA YacTh BOJHBIX pecypcoB ['py3uu UCMIOIB3YeTCs B CEJTBCKOM XO3SHCTBE, HO B
5TOM OTHOIIIEHHUH CYyIIECTBYET OOJIbIAs JUCITPOIIOPIIHSA IO BOJA000OECTIEUEeHHOCTH TOJTUBHOM BOJIBI
JUig opoleHuss 1o Teppuropuu. B 3amagnoit I'pysum, rae moxa BiausgHueM UYEpHOro Mops
JIOCTaTOYHBI aTMOchepHble OCagKd W He TpedyeTcs OpoOIleHHe B OOJIBIIIOM MacIiinTabe, a B
Bocrounoii I'pysumn HaxoautTca 85 % opoliraeMbix 3eMesib 'py3un. 371ech pacIiosiOKeHbl caMble
IUIOJIOPOJTHBIE 3€MJIH, TJIe PACKHHYTHI IIIMPOKHWE, B OCHOBHOM BHHOTPaHbIE ITOJIA. V3-3a cyxoro
KJIUMaTa TpeOyeTcsi HX peryJiipHOe OpOIlleHHe, HO, K COXKAJIEHWUI0, 3/IECh BOJHBIE PECYPCHI
OTpaHUYEHbI U HE XBaTaeT /I OPOIleHHs Ha Bech epuoy Bereramnuu (Basilashvili et al, 2012).

ITo apxeosorMYecKMM packomkam, 3emJiesenue B I'py3um, Havaaoch 8-10 ThIC. JIET TOMY
Ha3a/l, a XO03ANCTBEHHOE MPOU3BOJICTBO 4-5 THIC. JeT Ha3a/. IlepBble ceapl GOPHOBI OT 3aCyXOB
ObLT OOHApY’KEHBI, B BHUJIE 140 KHJIOMETPOBBIX OOJIMIIOBAHHBIX KaHAJOB, IOCTPOEHHbBIE B
BocrouHoit I'py3suu B XII Beke nmpu 1ape Tamape barparnonn. 3HaunuT, 8-9 BeK TOMY Ha3a/l, 371eCh
Takke ObLIa BBICOKAsA TepMmuueckas 30Ha. M3BectHo, uto B VIII-XIII Bekax Ha 3emiie ObLIO
MoTeIIEHWe KauMara, Korja ¢dopMupoBasiach mycTbiHsa Caxapsl B AQpuke, MPOMCXOINIIO TasHUE
MOJISIPHBIX JIEAHUKOB W BUKWUHTH OOHApPY)XKWIN IOKHYIO 3ej€HyI0 I'pemnanguio. Ho B kHure
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“Onucanue mapera ['pysun”, HanmucanHas 280 JieT ToMy Hazal, BaxymTu barpaTnonu otMeuaer,
YTO JIOJUHBI BocTouHOU 'py31u MOKPHITHI TYCTHIMU JIECHBIMHU IIOKPOBAMHU U He OBLJIO YIIOMSHYTO O
3acyxe, I7le B JIJaHHOe BpeMs IOTeIIEHHe KJIMMaTa BbI3BaJI YCUJIEHHE 3aCyXOB, B PE3YJIbTaTe Yero
y’Ke TIOBPEK/IEHO JIBe COTHHU ThIC. Ta 3eMJIH, a Ha 3 ThIC. Ta HaYaT MPOIECC OIyCThIHUBaHUA. Eciin
371eCh CBOEBPEMEHHO He OyayT IpOBeAeHbl HajjleKkalue paboThl, 3aTeM OyAeT OueHb TPYHO U
JIOpOTO €€ TPUOCTAaHOBUTb.

TeHnaeHIIIY U3MEHEHNA CTOKA BOABI TOPHBIX pek I'pysun

Ha ceroguHAmHuil /IeHb OYEHb B3HAUYUTEJIBHBIM SBJISAETCS WCCJIEJIOBAHUE OXKHUIAEMBIX
TEHJIEHITUY U3MEeHEHUs PACXOZ0B BOJBI PEK U OIeHKA MX Pa3BUTHUA. [[JIs 5TOTO ceayeT u3ydeHue
WX JMHAMHUKU KaK B KAYeCTBEHHOM, TaK U B KOJWYECTBEHHOM BUJE, IYTEM MPUOIMKEHHOU
OIIEHKU UX TPEH/IOB alllIPOKCHMUPOBAHHBIN, HAIIPUMED, 10 IPSAMOJIMHEWNHBIM YPaBHEHUAM:

T = AN + B, (1)

rie T — TpeHJ HcCelyeMOro 3jieMeHTa, TO eCThb OCpeAHEHHasd JIMHUA, oToOpakarolas
TeHJIeHIUIO UX N3MeHEeHU;

A — ko3ddunMeHT ypaBHEHU, YHNCJIeHHOe 3HaUeHre KOTOPOTo oIpefiesiseT UHTEHCUBHOCTbD,
TO €CTh CKOPOCTb U3MEHEHU, a UX 3HaK (+ WU -) YKa3bIBaeT Ha HaIllpaBJIEHUE X U3MeHeHHUs: (+)
n300pakaeT BOCXOJAINIYIO (yBelnueHU0), a (-) yKasplBaeT Ha HUCXOZAIIYIO (YMEHbIIIAIOIIYIO)
TEH/IEHITNIO;

N — nopsAKOBBIA HOMeP HaOIIOAEHHBIX JAHHBIX UCCJIEyeMOT0 3JIEMEHTA OT X Havasia, JJIs
koTtoporo N = 1, a g kaxkzaoro (i) ciaeayromero N = 1 + i

B — mocrosHHBIN KO3(p(PUIUEHT ypaBHEHHsA, KOTOPBIM IIPEACTaB/sAeT MUHUMAJIbHOE
3HAQUEHUE HCCJIE[yeMOro JJIEMEHTa IPH BOCXOMSAIIYI0 TEHAEHINIO JIMHUHM TPEH/a, WIN JKe
SIBJISIETCS UX MaKCUMAaJIbHOE 3HAUEHHE IPU HUCXOAAIIEMY TEH/IEHITHIO TPEH/IA.

B nenAx uccsenoBaHusA MHOTOJIETHEN IUHAMUKY CPETHETO/IOBBIX PACX0/I0B BOJBI PEK, HAMU
ObIM DPAcCMOTPEHbl MX e€XerojHble BeJUYUHBl 32 40-60 JIeTHUE PAAbl CYIIECTBYIOIIUX
HaOJII0/IEHHBIX JJAHHBIX HA OCHOBHBIX 16 TH/POCTBOpax pek ['py3um, rje msMepsicsa MPUPOSHBIN
cTok Bojbl. B Tabsmiie 3 mpuBesieHbl ITapamMeTphbl TPEHZI0B ypaBHeHUU. COIJIACHO JIAHHBIX 3TOU
TaOJIUIbI, CIeAyeT OTMETUTh, YTO B MHOTOJIETHEN JAMHAMUKE CPEIHETOJIOBBIX PACXO/IOB SPKO
BBIPAKEHO MX BOCXOJAINAS TEH/IEHIUA HA TEX PEKax, B 6acceiiHaX KOTOPHIX CYIECTBYIOT JIEAHUKHI
U BEUHBIH CHEKHBIN IOKPOB U B GOPMUPOBAHUU CTOKA BO/IbI PEK YUACTBYIOT UX TaJIble BOJIBI.

Taosmmma 3. [Tapamerps! (A u B) ypaBuenuit Tpeanios (T = AN + B) exxeroiHoro
M3MeHEHUs CPEeTHUX Pacxo/I0B BoabI (M3/c) pek ['py3un

> IInomans Cpenuss g:g)?}%{l ITapameTpsl
exa — ITyHKT BOJIO- B - M3/c
c6opa KM2 bICOTa M JACHUU

(rozpl) A B
Kopmopu — Jlata 1480 1920 1931-1990 0,357 81,2
WNurypu — Xaumu 2780 2320 1938-1990 0,960 89,4
Puonu — Cakouakujgze 13300 2620 1928-1990 1,303 372
Ksupunia — 3ectadoHu 2490 960 1930-1990 - 0,028 61,6
Yopoxu — Jpre 22000 2016 1930-1990 - 0,458 290
Amxkapuciikaiu — Kena 1360 1470 1937-1990 0,118 43,0
bospiiag Jluaxsu — Kexsu 924 2100 1920-1990 0,114 24,4
Manas JIuaxsu — Banatu 422 1940 1929-1990 - 0,014 10,3
Kcanu — Kopunra 461 1830 1941-1990 - 0,070 11,2
Aparsu — KunBaniu 1900 1890 1936-1990 0,028 44,1
benasa Aparsu — Mjieta 107 2620 1935-1990 0,008 5,08
benas Aparsu — Ilacanaypu 337 2189 1937-1990 0,003 12,0
YéepHasa AparBu — YcTbe 240 2020 1959-1990 - 0,008 7,84
ITm.Aparsu — Marapockapu 945 1960 1959-1990 0,052 17,6
Xagucxesu — L{kepe 18,8 2500 1958-1990 0,005 0,87
Asazanu — bupkuaHu 282 2200 1950-1996 - 0,002 14,0
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Camoil 60JIPIIION MHTEHCHUBHOCTHIO €KETOJHOTO YBEJIUYEHUs PACXOZ0B BOABI B 3amajHON
I'pysum orMmeuaercsa Ha p. PuoHHU, KoTOpas B TEIJIOe BpeMsA rojia OOWIBHO MHUTAETCS TaIBIMHU
BOJZIJaMU JIEJIHUKOB U BEUHBIX CHEroB. 37iech y c. Cakodakuj3e TPeH]I CPeIHEr0/I0BbIX PacX0/i0B
BOZIBbI 32 ITepuoy] 1928-1990 IT. allIPOKCUMUPYETCA YpaBHEHUEM:

T =1,303 N + 372, (2)

Camoii 60J1bIII0M THTEHCUBHOCTBIO €3KET0/THOTO YMEHBITIEHUS TOIOBBIX PACXOI0B OTMEUYAEeTCs
Ha p. Yopoxu, rfe HeT JIeJHUKOB U YpaBHEHHE TPEH/|a UMeeT BU/J:

T=- 03458 N+ 290, (3)

B Bocrounoii I'py3um yBennueHHe pacXOfOB BOJABI OTMEYAeTCA TOJIBKO Ha JIBYX peKax:
Bospmiass Jlmaxsu u Benasg AparBu, y HCTOKOB KOTOPBIX CYIIECTBYIOT HeOOJIBIINE JIEHUKH.
Ha gpyrux pekax TpeHJIbI HOCAT HUCXOJsAINee HampapsaeHue. CaMoil OOJIBIIION HHTEHCUBHOCTHIO
€XeroJJHOr0 yMEHBIIIeHUs XapaKTepU3yloTCs CpelHero/ioBple pacxofbl Boael p. Kcanu y
c. KopuHTa, TpeH/; KoTOpOoro 3a mepuoz, 1941-1990 IT. BbIpakaeTcs ypaBHEHUEM:

T =-0,070 N + 11,2, (4)

Crnenyer oTMeTUTh TOT (PaKT, YTO PACCMOTPEHHBIE MEPUOJBI HAOIIONEHUI 32 PacxofaMU
BOJbI PEK OUeHb OTPAHUYUBAET OIEHKY BJIMAHUA IVIO0AJbHOTO MOTEIUIEHUs KJIMMaTa Ha CTOK
BOJIBI PEK, TAK KaK MUMEHHO II0CJIe PACCMOTPEHHOTO (10 1991 T') MMePHO0/ia HAYaJIOCh NHTEHCUBHOE
MIOTEIUIEHNE KJINMAaTa, HO K COXKAJIEHUIO, M3-32 OTCYTCTBUS HEOOXOAMMBIX HAOIIOAEHHBIX JAHHBIX
HET BO3MOXKHOCTH UX YTOYHUTH. B ['py3un ¢ 1991 I. Ha peKax U3MePSAIOTCS JIUIIb YPOBHU BOJBL.

Takum 06pa3oM, 3a paCCMOTPEHHBIH NEPHO/T OBLJIO BBIABJIEHO, UTO B Pe3yJIbTAaTe MOTEIIEHUS
KJIUMaTa yBEJWYMBAETCA WHTEHCUBHOCTh TasfAHUA JieAHUKOB KaBkaza U COOTBETCTBEHHO
MOBBIIIAETCA CTOK BOJBI PEK, IIPU KOTOPBIX YACTO UMeeT MeCTO KaTacTpoduyecKue sABJIeHUs, a B He
JIETHUKOBBIX 30HAX, HA00OPOT IOBBIMIAETCSA HCIIADEHWE U YMEHBIIAeTCS BOJAHOCTh PEK, UTO
BBI3bIBAET JeUIIUT TIOJUBHBIX BOJHBIX PECYPCOB U BCJIEJACTBHE YMEHBIIEHUs, a HWHOTI/A
MpeKpaleHus YpPorKalHOCTH CeTbCKOX035IUCTBEHHBIX KyIbTyp (Basilashvili, 2015).

B panbHelillleM ycuieHUe NOTeIUIEHUs KJIMMaTa IIPUBEET K YMEHBIIEHUI0 BOJHOCTH peK
I'pysuu c¢ mpeobsialaHueM CHErOBOTO NUTAHMA, a B IEPCHEKTHBE PEe3KO COKPAaTUT CTOK peK
CHEToJIeZJHUKOBOT'O TUIIA TUTAHUA U YCUJIUT IPOIIECC JleIPalalliu oJieJleHEH!s TOPHBIX MaCCUBOB,
a B cepenuHe XXII Beka okujaeTcs Hcue3HOBeHHe JienHUKOB KaBkasza (BacwriamBuiu u ap.,
2012), YTO OUeHb OTPUIIATETIHLHO MOBJIUAET Ha 3al1achl IIPECHOU BOJIbI B 6acceliHax pek. B apuHbIxX
30HaX YCWIATCA TIIPOLIECChl 3aCyXOB M OIyCTHIHUBAHUS, UYTO BBI30BET 3KOHOMUYECKHE U
corrabHble HanipskeHus (Basilashvili et al., 2015).

B Tekymem XXI Beke, B CBA3HM C OKHUJIAEMOU aKTUBU3AIMHU MoTerUieHus kiaumara (Tperbe
HaIMOHAJIBHOE CO00IIeHne, 2015) B BocTtounoi I'py3uu ¢ MOBBIIIIEHHEM TEMIIEPATYPHI YBEJTHUUTCS
HCIIapeHue, YMEHBIIATCA YPOBHU TPYHTOBBIX BOJI M CTOK BOABI peK. B wactHOcTH, B OacceiiHe
p. Anazanu, KoTopas fIBJAETCSA OCHOBHON BOJTHOU apTepuel Jjis OPOIIeHUs IJIOZIOPOAHBIX 3eMeJlb
BocrouHoil I'pysum B 2021-2050 IT. OXKHUJAeTCs yBeJIWYEHUE CpPeJIHEeroJIoBbIX TeMIeparyp Ha
1,1°C, a B 2071-2100 rT. Ha 3,5 °C. B pesysnbrare 3TOr0 3HAUYUTEJIBLHO MOBBICUTCH CyMMa
MIOJIO’KUTEIbHBIX TEMIIEPATYP U COOTBETCTBEHHO MPOAOJIKUTETPHOCTh BET€TAllMOHHOTO NIEPHO/IA,
YTO /ACT BO3MOXKHOCTD IOJIYUUTh YpO:Kall HEKOTOPBIX KYJIBTYpP ZBXKABI 32 roji. B TakoMm ciyuae
MOHA/I00UTCA YBEJIUUYUTH 3allachl MOJIMBHOM BOJBI, YTO 3aBUCUT OT KOJIMYECTBA aTMOCKHEpPHBIX
0Ca/IKOB U BOJTHOCTU PEKH.

ITo nporuo3y (Tperbe HanmoHasIbHOE cOOOIEeHHNE, 2015) HA IAHHONH TEPPUTOPUH T'OJI0BOE
KOJINYECTBO aTMOC(EPHBIX 0CAZIKOB B 2021-2050 IT. YMEHBIIUTCA HAa 20 %, a B 2071-2100 IT. Ha
22 % ¥ OJHOBPEMEHHO OXKHIAETCs yBeJInUdeHue 3acyxoB. [1o HamuM ucciaenoBanusaMm (Basilashvili
et al., 2015, bacwramBuwin, 2018) Ha p. AjazaHu y ¢. bBupkuanu, rie U3MepsINCh CTOK BOJIBI B
TeueHUU 47 JeT (1950-1996) TpeH/ WX U3MEHEHUs 3a BereTallMOHHBIN mepuoj (C ampess Io
CeHTsAOPD) alMPOKCUMUPYETCA YPAaBHEHHEM

T =-0,0084 N + 20,642, (5)

OTKyZla BUJHO, YTO €XKEroJlHOe yMeHbIIIEHHEe CTOKA BOJBI 32 BeTreTAl[MOHHBIN IepUuof
cocTaBJisieT — 0,0084 M3/c, UTO 3HAYUTEJIBHO OOJIbIIIE, YEM YMEHBIIIEHHE CPEIHET0/I0BOTO CTOKA
BOZIbI, KOTOPOE corsiacHO Tabsmile 3 cocTaBiisieT — 0,002.

Takum 00pa3oM, B YCJIOBUAX NOTeIUIEHUS KiuMatra B Bocrounoit I'py3um oxxumaemoe
yMeHbIlIeHne aTMOChEpPHBIX OCAJKOB U yBEJIMYEHHE TeMIEPaTypbl BBI3OBET YyBEJIUYEHHE
HCIIapeHUs ¢ MOBEPXHOCTH OacceliHa peKH, 0COOEHHO 3a BereTAIMOHHBIN IEePHOJi 3HAUYUTEIHHO
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YMEHBIIIUTCS CTOK BOABI peK. B Takux ycaoBUAX peKH YyKe He CMOIyT 0OecreuuTh
BO/IOTIOTPEOHOCTH OPOCUTEJIBHBIX CUCTEM B IIEPUOJ] aKTUBHOTO OPOIIEHUs PACTEHHUH, YTO BHI30BET
HeypO>KallHOCTh U OIyCThIHUBaHHE. ITO OYeHb OTPULIATEJIPHO IOBJIMAET Ha IPUPOJHYIO Cpesly U
pa3BUTHE 5KOHOMHKH CTpPaHbl. UTOO 5TOT0 HE CIyYHsIOCh, CJIeAyeT IUIAHUPOBaTh U 3apaHee
IIpOBECTU OIIpe/iesIEHHble IpeBeHIMalbHble MeponpuATusa. [losToMy Ha JaHHOM 3Talle OCTPO
CTOUT BOIIPOC O MEPOIIPUATHUSAX JIJIS IIPEOIOJIEHUS TAHHON TPO0JIEMBI.

4. 3arJaoueHue

JKusHp Ha 3emiile BO MHOTOM 3aBHCHT OT 3allaca IPECHOW BOJIbI, KOTOPHIE OIPENEsISIOT
pasButHe o0IIecTBa W cTpaHbl. Ho m3-3a moTemieHWs KiuMaTa W Aeduiura mpecHOU BOJbBI
€KEeroTHO Ha 3eMJie, U3 CyIIECTBYIOIIUX IIOOPO/IHBIX 3€MeJTb, 21 MJIH T'a CTAHOBUTCS HETOHBIM
JUTSI CEJTbCKOX03UCTBEHHOTO ITPOU3BO/ICTBA, a 6 MJTH ra I00aBJIsI€TCS IIYCTHIHAM.

Kpome nedwunura BoOAbI, aKTyaJieH BOIPOC U €€ 3arps3HEHHs, BBI3BAaHHBIH ITPUPOIHBIMHU
dbakTopamu (3emiieTpsiceHUsi, HABOJAHEHHs, CeJIU, OIOJI3HU, JIABUHBI U JIp.) U Pa3BUTHEM
MpOU3BOJCTBA. I'psi3HAsA BOJAa BBI3BIBAE€T CMEPTeJIbHbIE 3a00JieBaHUsS y JitoJied. JlajibHeliee
MOTeIJIEHHe KJIMMara Oy/1eT CriocoOCTBOBATh IOBBIIIIEHUIO BEPOSITHOCTH SKCTPEMAJIbHBIX SIBJIEHUU
U YMEHBIIEHUs] CTOKAa BOJBI peK. V3-3a yBelWuUeHUs] BEreTallMOHHOTO II€PHUOJa ITOBBIIIAETCS
BOZIOIIOTPEOHOCTh HAa OPOIIIEHHE, HO HEJOCTAaTOK IIOJIMBHON BOJBI BBI30BET YIAZOK YyposKas U
9KOHOMUKU CTPAaHBbI.

Ha ¢one noremnenus kimmara, B I'py3un MOBBIMIAIOTCA MPUPOJAHBIE 30HBI HA 100-150 M U
HacCeJIEeHHueM OCBanBaeTCsAa CY6aJIbHHfICKH€ n aJIbHHﬁCKHe 30HbI, YBEJIMUHUBACTCA HNHTECHCHUBHOCTD
TasdHUA JIEAHUKOB KaBkaza u IIOBBIINIAETCA CTOK BOAbI PEK, HA KOTOPBIX YacCToO 6I)IBaIOT
KaTaCTpO(I)I/I‘-IeCKI/Ie ABJIEHUA. A B He JIEAHUKOBBIX 30HaX, HaO60pOT, IIOBBIIIAECTCA HCIIapEHHE U
COOTBETCTBEHHO YMEHbIIAECTCA BOAHOCTD PEK, YTO BbI3bIBAET ,E[e(l)I/II_II/IT IIOJIMBHBIX BOAHBIX PECYPCOB B
Iepuo/i AaKTUBHOTO OpoIlleHus pacreHuil. OkujaeMble 3acyXd B BOCTOUHOM I'pysum, r7e
PAacCIIOJIOKEHbI caMble IUIOJIOPOHBIE 3€MJIM, BHI30BET Pa3BUTHE IIPOIECCOB OIYCTHIHMBAHUS, YTO
OueHb OTPHUIIATEILHO MOBJIUsET HA IPUPO/IHYIO CPe/ly U Pa3BUTHE S5KOHOMUKU CTPaHbl. YTOOBI 3TOTO
HE CIIYYWIOCh, CJIEAYET 3apaHe€ INVIaHWMPOBATh W PATMOHAJIBHO HCIIOJIb30BaThb HMEIOIIKUE BOJHBIE
PpecypChl ¥ CBOEBPEMEHHO IIPOBECTU MEPHI I 3aAIUTEI OT IIOTEPH OTPAHUYEHHBIX BOJHBIX PECYPCOB.

Takum 00pa3oM, BOIIPOC OXPaHBI BOJIBI M BOJIHBIX SKOCHCTEM IPHOOPET OUEHBb CJIOMKHBIA U
aKkTyaIbHBI xapakTep. I[losToMy TIIpaBUTENbCTBA CTPAH JOJDKHBI IIPOBECTH CBOEBPEMEHHBIE
MEPOIPUATHSA JIJISI UX ClTaceHus. B mmepByro ouepenp HeoOX0auMo 6oJiee PariOHAIBHO UCITOIh30BaTh
OrpaHUu4€HHbIE IIPUPOJHBIE PECYPChI HpeCHOﬁ BOJAbI K YCUJINTD AECATEJIbHOCTD I10 UX YIIPpABJICHUIO.
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CoBpeMeHHbIE TPOOI€eMbI IPECHOU BOJBI U TEHAEHIIUYU U3MEHEHUs CTOKA BOJBI pEK
102kHOorO0 KaBkaza B I'py3un

Mucana 3axapreBHa bacuiamsuan 2-*
a['py3UHCKHI TeXHUUECKHUH yHUBepcuTeT, THCTUTYT rusipomMeTeoposiorun, Tomnucu, I'pysus

AHHOTamuA. B cBA3M ¢ MI00AJBHBIM TMOTEIUIEHUEM W II€PEHACEIEHHOCTH 3eMJIH,
JKHU3HEHHO BaXHBIM DpecypcaM npecnoﬁ BOAbI OXHAAETCA HEBOCIIOJIHHMbIE IIOTEPH, IIO3TOMY
JIeUITAT IPECHOH BOABI — KPYITHEHIIIAas IMTpo0JieMa COBPEMEHHOCTH.

B pabore mpuBeneHBI XapaKTEPUCTUKHU COCTOSIHHUA U MPOOJIEMBI PECYPCOB IPECHBIX BOJ,
oTMeuaeTcs OoJIbITast JUCIIPOIIOPIUS UX pacupezeeHus. M3ydyas MHOTOJIETHIOIO JUHAMHKY CTOKa
BOJIBI PEK, BBISABJIEHO, UYTO C YBeJIHMYEHHEM WHTEHCUBHOCTU TasHHUsA JIeITHUKOB KaBkaza
MOBBIIIIAETCSI CTOK BOJIBI PEK, a B He JIEJIHUKOBBIX 30HAX HA0OOPOT, OHU YMEHBIIATCS.
YcraHoBJIeHBI YHCIEHHBIE BEJTUYNHBI €KEroaHOoIro uX n3ME€HEHUA.

OcobeHHO ocTphlie TTpo6sieMbl JlepUITa BOABI OKHAAETCS B BOCTOUHOU I'py3uu, rue u3-3a
CyXOro kjimMaTta OrpaHu4eHue€ IIOJIMBHBIX BO/L BbI3OBET YMEHBIIICHHE ypOH(aﬁHOCTH — HCTOYHUK
CYIIECTBOBAaHUA MeCTHOTO HacesjeHus. OxxujaeMmble 3acyXxu OyAyT cHOCOOCTBOBATH Pa3BUTHIO
IIPpOUECCOB OIIYCTbIHUBAHUA. HOBTOMy HeOGXO,Z[I/IMO paliOHAJIbHO HCII0JIb30BaTbhb HMEIOIIHECA
BOJZHbBIE€ peCypChbl U IIPOBECTH MEPbI AJIA HMX IIOIIOJIHEHUHA B LEJIAX IIPEOAO0JIEHUA OXXHUIAAEMOro
SKOHOMHYECKOTO U COIMAJIbHOTO KpH3Hca 1 obecriedeHus 6€30I1aCHOCTH OKPY?KAIOIIEed CPeIbl.

KiroueBble ciioBa: Jedunur BOAbI, TasHUE JIEAHUKOB, MHOTOJIETHAS JWUHAMUKA,
IapamMeTpsl TPEH/ 0B, OIyCTBIHUBAHUE.
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