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INVESTIGATION OF SOME CLIMATE SINGULARITIES ON THE
TERRITORY OF GEORGIA BY MATHEMATICAL MODELING

Introduction

Against the background of global climate change, climate change of Georgia
is characterized with strongly expressed regional peculiarities. There are observed
as warming as well cooling processes on the territory of Georgia. Namely statisti-
cal treatment of data of average climate temperature of 1905-1995 years has shown
simultaneously sharp process of warming in the Eastern Georgia and climate
cooling in the Western Georgia. There are also exposed the micro regions, where
the average climate temperature does not change according to time. The mentioned
changeability of the climate on the whole territory of Georgia corresponds to the
picture of climate change on the territory of Georgia obtained by the observations
conducted according to the program of the global climate investigation and model
calculations of global climate [8].
1. Some Peculiarities of Climate Change on the Territory of Georgia

Since on the whole territory of the Western Georgia takes place the climate
cooling process, it is necessary to find such constantly acting thermal and advec-
tive-dynamic sources, which will be periodic according to time, its periodically
will have the order of the year and the characteristic horizontal L and vertical H
scales will be equal accordingly to 200-300 km and 3-4 km. Among many atmos-
pheric circular processes, which take place in the Western Georgia, only the circu-
lation of the monsoon type is characterized by spatial and time parameters[12], that
is caused by the irregular warming of the territory of Black Sea and Kolchi lowland
during the year. This circulation (which can not exist in the Eastern Georgia), must
be caused by the action of constantly acting two heating mechanisms, in which the
Kolchi lowland plays the role of heating and the Black Sea - the role of refrigerator
during the summer, but in winter — conversely: Kolchi lowland is a refrigerator and
the Black Sea — heating. It is natural, that this alternation of the sources gives rise
to the changes of temperature by the annual period. According to[8], the variety of
general circulation of the Earth atmosphere and the failure in zonal regularity is
caused by the thermal and cool sources (ocean - land), which are known as thermal
machines of “second order” in atmosphere thermodynamic.
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To the existence of the monsoon circulations in Georgia point the investiga-

tions [8], but there is mentioned, that the horizontal component U of the monsoon
velocity, the magnitude of which does not exceed 1-3 m/c, is insignificant in com-
parison with the dominating winds (5-10 m/c) and its exposition needs the statisti-
cal treatment of climate parameters during long time. Unfortunately, Georgian
meteorologist-experimentalists have not carried out large-scale investigations in
this direction.

Since the reality of the existence of sources generating the monsoon circula-
tion in the Western Georgia has no alternative and analogously are daily and
nightly sources of breeze and valleys and mountains circulation, we assume as a
priori the compulsory existence of the circulation of such type in the Western
Georgia, the real exposition and detailed description of which must be the actual
subject of the future research. The monsoon circulation, which is the most large-
scaled among the daily and nightly breeze and valley and mountains’ circulations
existing in the Western Georgia, easily can comprise all the territory of the West-
ern Georgia till Surami Range. This circulation, which in winter generates the
monsoon circulation rotating clockwise and the up flow stream in the Black Sea
sufficiently far from the shore , is characterized by the down flow streams at
Surami Range [8]. In summer, the circulation has the opposite direction of rotating
and at Surami Range the up flow streams change by down flow ones in the Black
Sea. The distance of up flow and down flow streams from the shore and the spatial
scales of generated circulations depend on the contrast (intensity) of summer and
winter seasons during a year [5].
2.Investigation of some singularities of atmospheric flows blowing from the
Black Sea to the Kolchi lowland

Investigation of changeability of atmospheric currents transferred from the
Earth one region to another with different physical properties is very actual prob-
lem of science. This problem especially is important for the territory of west Geor-
gia, as there is observed cooling process on the background of global warming
process. Usually such kind general problem is solved by numerical methods [7]
but on purpose to obtain elementary features of this process we’ll simplify physical
aspects of the problem. Namely at first we’ll study transformation of temperature
and humidity fields (transformation of dynamic processes will be study separately )
of atmospheric currents dislocated from the Black Sea to the Colchi lowland
which has different physical parameters. We’ll investigate changeability of tem-
perature and humidity fields structure in the lower layer of atmosphere(about
1000m). If we assume that in this layer intensities of the friction forces are constant
and in the period of our observation the process is kvazi stationary i.e. the process
is limited to stationary state and also if we neglect ray-radiation and phase currents
of heat and presume that convection currents are minor in comparison to turbu-
lence and advection movements, then system of hydro-thermodynamics equations
describing above mentioned general process is coming to the following system of
equations[7]:



, 99 oq
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with the followmg boundary condltlons.

S(X,2)| xo=S,(%) . S(X,2)[,_,, =S,(20),5(x,2)|, , =So(X).(22)

X>=0 X>=0

where S=(&,q); @ is potential temperature; U is component of wind velocity
along coordinates X; (| is specific humidity; K -is coefficient of turbulence.

Let us assume that: wind velocity U is directed along the axis OX and does
not depend on X and Z . Also if we take into consideration that :
o6 or o6 _dl
=y+ and — = —, (2.3
oz oz X ox
where T is temperature and ¥ is gradient of temperature.

For those idealist conditions we will have:

- T T
LI 6_ 2.4)
ax oz?
Solution of equation (2.4) we are searching by the following function;
T=Ty—y z2+AT(X2), (2.5)

with the following boundary conditions:
when X=0, AT =0 and when Z=0and x>0, AT =T, -T,,
where T, is temperature of Sea (we assume that it is constant), T, is temperature

of land. Substituting (2.5) in (2.4) and with account of boundary conditions (2.2)
we will have the following solution [7]:

u
AT =(T, —To)[l—cb(z\/%)], (2.6)

where ®(&) is integral of probability. By examining (2.6) it is follows that for

the same values of AT are corresponding equal values of argument of function
D(&). Letus denote:

Z,/— =C,onZ” = —x .7



It is obvious that C determinant value of - which shows air masses

=T
1 0
transformation. If we change this value from 0.1 to 1.0 with the step 0.1 and find
(&) from the special table [7], then we get figure 2.1

Z ﬂ
(3) 800 )
700
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500 / :
400 - P .- 6l ©
B o () C
wi e
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200 - ;%
1004
) ‘ ‘ ; ; ;
o} 2 4 6 8 10 «(10°3)

Fig.2.1
On the Fig.2.1 are represented dependence of Z from X, for the deferent values of
C. Fig.2.1 shows that, process of transformation is limited to stable state with ex-
tending distance from the Sea shore and this process is going as fast as low the area
of currents vertical spreading and bigger value of C.
If we take into account an orography of investigated region, namely go to the new

Z—¢ (X, . .
Z coordinate  Z; = ﬂ H, where {(X,Yy)- is describes non-
H-Z(xy)
homogeneity of relief; H -is top height, then (2.7) will get the form:
, 4d’Ck
Zd = — - X s (28)
u
where d = ——————— describes influence of orography.
H-2(xy)

Now let us consider this theory for real conditions, namely for the terri-
tory of western Georgia. We have chosen three zones with radius 25, 50 and 100
km from the Black Sea shore. On the bases of the data represented in the table 2 we

have calculated the values of transformations parameters C(t) and C(qQ) also

values of Z and Z,- on the bases of formulas (2.8) Results of calculations are
presented on the figure2.2.
On the figure2.2 are presented curves illustrated dependence of Zand Z;

on the X for deferent values of C(Q). Analysis of behavior the curves on the
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figure 2.2 shows that with the increasing distance from the Black Sea shore the
process of air masses transformation limits to stability not only for the bigger
value of C (as it is in the theoretical part) but also by influence of relief. Also tak-
ing into account orography increased height of transformation area. That is im-
portant result as this fact was known in synoptic practice. Namely synoptic obser-
vations have shown that influence of relief on transformation of meteorological
fields is distinctly observed not only on the 850mb, but also on the 700mb surface

3500 -

|
(8 30007 /. C;(a)
2500

2000 4 /

1500 *
* - c,(a)
10004 ‘/
5004 ’/ /‘_’SAL@L;O ——-C |
/‘g‘%t _'_Z'E;ég}" CZ (Q)
0 T T T T T .
0 2 4 6 8 10  «(10°9)
Fig. 2.2

Also results of calculations have shown that inside of zone with radius
25km. atmospheric masses have preserved the Black Sea’s parameters. The main
changeability of atmospheric currents parameters were observed inside of zone 25-
50km. Inside of zone 50-100km. atmospheric flows have gotten the land’s pa-
rameters. These results were obtained at first time by theoretical methods and they
are in a good accordance with the data available in operational practice.

3. Some peculiarities of droughts on the territory of Georgia

Droughts in Georgia is characterized by special extra conditions of the
weather, with high temperature, low humidity and absence of atmospheric precipi-
tations for a long period of time, i. e. when a daily norm of atmospheric precipita-
tions are less than 1mm. Genesis of droughts is determined by numerous natural
phenomenon, but on the territory of Georgia atmosphere currents play an great
importance. Namely when air currents are invading from the east, or south-east
regions, they bring dry air masses on the territory of Georgia. Namely during the
influence of the Asia Depression, the currents of summer thermal cyclone are ex-
tending from the south-east and as a result dry and hot air masses are formed over
the territory of Georgia. Minimum temperature of the lowland dos not fall below
+20° C, and a daily maximum exceeds +38° C. Recurrence of the influence is the
highs in July (25,1%).

. In the dry regions of eastern Georgia 15-20 days with dry weather is ob-
served 5-6 times in year and some times dry weather period exceed 80-90 days.
Reiteration of the eases the amount of atmospheric precipitations is less then 150
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mm. For example in Shiraci it is equal19% and in Gardabani area 44%. That is
way there is observed desertification processes in Gardabani and Shiraci re-
gions[11]. It is known that in Georgia the most drought regions are lower Kartli
and lowland of Eldary, where possibility of the severe drought is about 40%, in
Shiraki Valley- 20-40% and in the vest regions of arid East Georgia probability of
the severe droughts is 10-20%. Also investigations have shown that during XX
century in every ten years annual average temperature has increased in average
about 0.02-0.07° C, which is closed to the velocity of global average annual tem-
perature rise[4].
4. On The Thermodynamic Model of Desertification Process

Conditions, which stipulate the surface layer desertification are so
versatile that their simultaneous consideration in a general desertification problem
meets unsolvable mathematical difficulty . So, while discussing indicated problem
by mathematical modelling it is necessary to separate out these main factors |,
which essentially condition surface layer desertification process. As well as in
other physical problems desertification problem should be brought down to the
creation of a certain desertification theoretical model , in which main physical
mechanism causing desertification will be preserved. So that to find out whether
what kind of physical process is going on during the baring of soil surface , it is
necessary to proceed from soil , as a physical environment, conception. Following
to [9] if we generally mark the heat flow and loss functions by Q(t) and R(t)
functions, the equation of soil heat conductivity formula will look as[2.6]:

pe=T =27 )~ R(T). @
a a a
where P, C, A parameters represent the power functions of temperature T . Gener-
ally the equation (4.1) is solving with the initial and the boundary conditions:
T(0,t) = (t)*T(z,0) = f(2), 4.2)
where the quantities ¢(t) and f = (z) represent the functions depended on the

solar radiation and the intensity of Earth radiation. Certainly, the temperature
change caused by the solar radiation at the considerable depths of the soil

(z — o0) should tend to zero. Let us consider a thermal function of volume and
the heat conductivity coefficient[10]:

du= pcdT; f =i=au”, (4.3)
pc
The result of equation (4.1) and the relation (4.2) gets the following form:
ﬂ B a é>2un+1 B . (44)
o ntl a2 W RW
U(0,t) = d(t): U(z,0) = F(2), (4.5)

12



- A - :
where a = fyu,"; f, = —"—; the coefficient N shows the nonlinear
PoCo

character of desertification process; o, C and /10 are values of density and

po
heat transfer coefficients , respectively, when T =T, .
5. Analytical Consideration

In order to solve the task, the thermal sources should be identified. Let us

consider the case when the difference between heat flow and loss functions repre-
sents the power function of the U function

QU)-R() =au?, (5.1)
where o and U° are the parameters of the thermal function.

The representation of thermal functions Q(u) and R(u) by means of

power formula of U function is justified by the fact that they represent the com-
plex temperature function in the thermodynamic tasks of the soil. The aforemen-
tioned appropriateness changes from the appropriateness of Newtonian thermal

function (o =1) to the appropriateness of the Boltsman thermal function
(o =4) according to the value AT =T —T,_, where T, is the temperature of
environment. According to the relation (5.1), the equation (4.4) get the following
form [2,3,6]:

é’u _ a 52 un+1
o n+la’

The first term in the right part of the equation (5.2) expresses the nonlinear
heat transfer process, and the second member marks the action of the nonlinear
thermal sources in the soil.

An exact solution of equation (5.2) was obtained by us in case when
a =07[2]. It is easy to demonstrate that considering the thermal source the equa-
tion (5.2) preserves the mechanism of "greenhouse effect” in case when we assume
that o = N +1. Consider also that the & parameter must include the effect of the
thermal activity resulted by the change of internal soil parameters ( p,C, A). The

intensification of this thermal activity effect promotes the sharpening of “green-
house effect"”, and the growth of ( parameter, which prevents the development of
"greenhouse effect” in the soil. Out of the aforementioned let us introduce ¢ pa-
rameter as a two members difference

a=a,(p,C,4)—a,(q) (5:3)

and rewrite the equation (5.2) in the following way:

+au’. (5.2)

13



5u a é)Zun+1 -
+(a—a )u™. (5.4)

A n+l At
By direct insertion it is possible to show that the nonlinear solution of the equation
(5.4), which includes the "greenhouse effect" will be [3,6]:

u(z,t) = u(o,O)COS%(E X] (1_”|tt J ", (5.5)

214l
where |A| and t, are defined by the formulas:

AN o L S PO T G B . (56)
n |a1—a2| (n+2) u (0,0)|a1—a2|

The formula (5.5) shows that desertification process develops in time in three
stages:
1.If the water content Q is sufficient to satisfy the condition

o, (P, ¢, A,) =a,(q,) then |A|]—> oo, |t;|— oo is obtained from (5.6) for-
mulation, and the stationary temperature distribution can be obtained from the for-
mula (5.5):

u=u(0,0), thatis T=T®". (.7)
This kind of thermal condition of the soil takes place before the desertification
process begins, when the vegetation coverage and the precipitation amount is suf-
ficient for normal functioning of the thermally active soil layer;

2.1f the thermal activity coefficient is higher than the heat loss coefficient,
which represents the ( water content function, than the following equation will be

obtained from |A|= A >0, |t;|=t; >0 and formula (5.5):

T Z

cos§ (E X) , (5.8)
*
o)

f

u(z,t) = u(0,0)

which includes the "greenhouse effect” - thermal process that is space limited

t
(Z < A) and grows by time for the t < —L interval. This type of appropriateness
n

of soil temperature field should take place in desertification process.
3.If by human active interference in the desertification process the water

content § grows up so as to satisfy the condition ¢r; < &, then, |t;|; inthe (11)

formulation will be negative and equal to and imaginary |A| to |A|=1A. There-
fore (5.5) solution will have the following form:

14



COSi{;ZZZ) , (5.9)
)"
(1+ n tJ

f

u(z,t) =u(0,0)

The (5.9) formula demonstrates that the thermal function of soil will be
space limited in this case as well (|z|< A), and will have the form of time reduc-
ing function. This kind of thermal process will develop in the soil under the soil-

conservation methods accomplished by a man. At this time the u(ut) function

achieves zero for a long-term interval and the "greenhouse effect" exists. Out of the
above mentioned it may be concluded, that analytical formula (5.5) quantitatively
well describes the three stages of desertification process and includes the basic
physical mechanism which is the basic reason of desertification. This physical
mechanism proceeds in cooperation of two opposite process (sharpening of the
"greenhouse effect” because of the structural change of the soil and thermal activ-
ity on the one hand and the weakening of the process resulted by man’s active in-
terference).
6. Estimation Method of Desertification Process
There was elected such long-term climatic observation station in the re-

gion of expected desertification, which has been characterized by the increased
drought frequency in recent years. We have studied the temperature of soil surface
in the selected station and variations of precipitation and established the climatic
parameters, which can be regarded as the beginning of desertification. In the region
of climatic warming we have examined the anomaly variation of soil surface aver-
age monthly temperature from January 1936 to December 1990 in order to reveal
the most clearly expressed increasing of the surface temperature. Such observation
station was selected in Shiraki. Variation of temperature by seasons as it
known[13], happens in different ways. For instance, according to years the warm-
ing process is conditioned by an increase of temperature in cold period of the year.

Only the temperature variation of the warm period might have a main effect
on the desertification process. Therefore, it is necessary to examine the action of
cold and warm season variations on the average annual variation of anomalies ac-
cording to the soil surface temperature as well as precipitation anomalies. For this
purpose, normalized autocorrelation matrix was determined for Shiraki according
to the soil surface temperature and average annual and seasonal precipitation
anomalies [13]. Calculations have shown that the anomalies of the soil surface av-
erage annual temperature are mainly determined by cold season (correlation coeffi-
cient-0.83), but warm season also has rather great share (correlation coefficient-
0.67) in temperature increase according to the years. As to the precipitations varia-
tion it occurs almost completely on the expense of warm season (correlation coef-
ficient-0.89).Comparatively high correlation link between temperature and pre-
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cipitation anomalies is revealed in conditions of warm season (correlation coeffi-
cient-0.6), which is one more index of desertification process development. This
dependence is well expressed by the curve constructed with the method of least
squares which analytical form is:

AN = —21.9 — 108.2AT + 32.6(AT)?

Where and AN are the anomalies of temperatures and precipitations of

correspondingly.
Thus, as criteria of quantitative estimation of desertification process the anomalies
of soil surface temperature and the amount of precipitation were selected. For de-
termination of the criterion the following procedure seems to be reasonable: tem-
perature anomalies are determined by 40-50 year, monthly complete data of soil
surface temperature of observation station.

Those years are selected in warm period of which three or more months

anomalies (one by one) are positive and each one is not less than 0.5 C. According
to corresponding periods precipitation anomalies are determined and according to
temperature from selected years those will be left when positive anomalies of tem-
perature will be followed synchronically only by negative anomalies of precipita-
tions. The anomaly of month average temperature and precipitations of drought
period is determined. Their product on the amount of the given months period de-
termines the values of temperature excess stimulating desert and lack of precipita-
tions. Let’s take practical example according to the data from Shiraki. In the 1936-
1990, in Shiraki 13 years appeared too droughty by anomalies of soil surface tem-
perature and precipitations. Calculations for these years have shown the greatest
excess of soil surface temperature was recorded in June-December , 1966 and

made 17.8 C. The lack of precipitations in the mentioned period was 21 mm. If

the average annual value 2.3 C lyear of temperature excess stimulating desertifica-
tion. Correspondingly, the value of precipitations lack will be 19 mm.The same
approach can be applied to determine the values of the mentioned parameters for
other stations, which help to determine numeric values of the parameters charac-
teristic for the beginning of desertification[13]..
8. Conclusions

As our conception about climate cooling has the general form, climate
cooling must take place in other regions of the Earth; particularly, where the mon-
soon flow and the advective — orographic factors are sharply expressed. For verifi-
cation of this conception we can take the picture of global climate warming, which
has a mosaic structure. There are given cooling and warming regions of the Earth
caused by big variety of the regional factors. The fact of climate cooling in the
Western Georgia can become the important conception of Georgian governmental
policy. It will be reasonable strategically if the development of industry in the fu-
ture connected with green house gases takes place in the Western Georgia.
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Out of above considered theoretical model of desertification it proceeds that
to halt the desertification process, first of all it is essential to stop non-linear ther-
mal process occurring in the soil, causing its structural change due to the "green-
house effect”. In order to achieve this aim, the measures, that will decrease solar
radiation load upon the soil and will cause naturally the "greenhouse effect" ex-
tinction in its active layer, should be conducted. This needs to use a system of drip
irrigation and well-known methods of hydroponics basing upon a many-year ex-
perience of the scientists from Israel. This time it is necessary to sow such heat-
resistant wild plants, which in several months form the vegetation cover of the soil
are characterized with deep and branchy roots and even in case of their upper part
burning, they should preserve vitality and biological activity. As a result of con-
ducting multiple indicated measured the intensity of radiation load upon the soil
surface will decrease and the introduction of salts, necessary for soil by a method
of hydroponics and the soil biological enrichment (as a result of wild decay) with
the mass, accumulated at the expense of wild plants, will result, in our opinion,
suspension of desertification process and extinction of the "greenhouse effect” in
the soil active layer.
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Conditions of regime — climatologicall data processing are being analyzed for
stations and posts of the Meteorological Observational Network of Georgia. Problems
concerning representation and management of the regime — climatologicall data base, are
considered

V]IK 551.509.2
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AHaNM3UpyeTCs COCTOSHHEC MANIMHHON 06pabOTKH PEKMMHO-KIMMATHYECKUX
JIaHHBIX CTAHIMHA M IOCTOB METEOPOJOTHYeCKO HabrogaTensHo cet  [py3um.
W3nararoTcst  BOMPOCHI, KAcaroOLIMECsl TPEACTABICHHS W YIPABICHUS PEKHUMHO-
KIMMATHYECKHUMH 0a3aMu TaHHBIX
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UDC 551.582
TOURISM CLIMATE INDEX IN TBILISI

Introduction

A picturesque nature, landscapes Great Caucasian Ridge, subtropical zone of
the Black Sea, rivers and waterfalls, cave towns, resorts and mineral springs,
urbanized cities and settlements, and traditional Georgian hospitality make Georgia
the country of tourism.

With a territory of 64 700 km? Georgia includes 330 km of subtropical Black
sea coast, extensive agricultural regions and alpine valleys with dramatic
mountains such as Shkhara (5198 m) and Kazbek (5048 m). Near 39 % of the
country is forest. It has 19 nature reserves, 860 lakes, numerous waterfalls and
more than 25 000 rivers whose total length is 54 768 km. There are almost all
kinds of mineral waters with more than 2000 springs already.

Georgia has 12 000 historical monuments and 150 museums: medieval towers
pepper the sub alpine zones, and some of the cathedrals, churches, monasteries and
some of the cathedrals, churches, monasteries and bridges date as far back into the
past as the VI-V millennium B.C.

Activities relating to tourism in Georgia include the following:

-Cultural tourism: archaeology, history, agriculture, ethnography;

-Adventurous tourism: trekking, mountaineering; skiing, horseback riding:
mountain-biking etc.;

- Eco Tourism: Bird watching, Botany, Active Eco tours;

- Agro Tourism;

- Special interest tourism (wine and gourmand tours, photography, etc.);

- Resorts and recreational tourism;

- Conventions and Conferences;

The diverse climatic conditions in Georgia give a tremendous potential for
tourist resort development. However, the determination of the climatic potential of
Georgia for the tourism in the correspondence with the standards accepted in the
developed countries was not conducted. This somewhat hampers the comparison of
the climatic potential of Georgia from the point of view of tourism with the same
for other countries. As a result this can have an unfavorable effect on attractiveness
level of the Georgia for the potential tourists. In this work the determination of the
climatic potential of tourism to Thbilisi (the capital of Georgia) into the
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correspondence with that frequently utilized in other countries of the “tourism
climate index” (TCI) [2,4 -7] is carried out.
Methods and data

In the past, tourism climatology information was provided through climate
indices such as those found in applied climatology and human biometeorology.
There are more than 200 climate indices. In general, the tourism climate indices
can be classified into three categories [7]. Elementary indices are synthetic values
that do not have any thermo-physiological relevance and are generally unproven.
The bioclimatic and combined tourism climate indices involve more than one
climatological parameter and consider the combined effects of them.

An example of a combined index is the Tourism Climate Index (TCI).
Developed by Mieczkowski (1985) the TCI uses a combination of seven
parameters, three of which are independent and two in a bioclimatic combination:

TCl=8-Cld+ 2-Cla+ 4R+ 4:S+ 2:W

Where Cld is a daytime comfort index, consisting of the mean maximum air
temperature Ta,max (°C) and the mean minimum relative humidity RH (%), Cla is
the daily comfort index, consisting of the mean air temperature (°C) and the mean
relative humidity (%), R is the precipitation (mm), S is the daily sunshine duration
(h), and W is the mean wind speed (m/s).

In contrast to other climate indices, every contributing parameter is assessed.
Because of a weighting factor (a value for TCI of 100), every factor can reach 5
points. TCI values >= 80 are excellent, while values between 60 and 79 are
regarded as good to very good. Lower values (40 — 59) are acceptable, but values <
40 indicate bad or difficult conditions for tourism [2].

Data of the monograph [3] and hydrometeorological department of Georgia
were used for the TCI calculations.

Results

The results of TCI calculations on the fig. 1 and fig. 2 are presented.

As follows from the fig. 1 during January, February and December value of
TCI in Thilisi corresponds to category "Marginal™. During March and November
value of TCI corresponds to category “Acceptable”, during April — “Good”, during
May, July, August and October - “Very good”, and during June and September —
“Excellent”. Thus the climate of Tbilisi for tourism is favorable practically entire
year.

Share of the monthly TCI components in the summary value of TCI in Thilisi
are presented on the fig. 2.

As it follows from the fig. 2 the values of daytime comfort index (Cld varied
from 34 to 51,9 %) and precipitation (R varied from 12,2 to 38,3 %) make the
greatest share to the value TCI. The values of daily comfort index (Cla varied from
6,4 to 13,5 %) and mean wind speed (W varied from 7,2 to 11,5 %) make the
smallest share to the value TCI. The share of daily sunshine duration S varied
from 11,5 to 21,6 %.
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Let us note that the climate of Thilisi for the tourism into the entire more
favorable than in Edmontan and Toronto, and it is a little inferior to the climate of
Sydney and Canakkale [1, 2].

Conclusion

A picturesque nature, landscapes Great Caucasian Ridge, subtropical zone of
the Black Sea, rivers and waterfalls, cave towns, resorts and mineral springs,
urbanized cities and settlements, and traditional Georgian hospitality make Georgia
the country of tourism.

Climate has a strong influence on the tourism and recreation sector and in
some regions represents the natural resource on which the tourism industry is
predicated. In this work the determination of the climatic potential of tourism to
Thilisi (the capital of Georgia) into the correspondence with that frequently utilized
in other countries of the “tourism climate index” (TCI) is carried out.

In the future we plan a more detailed study of the climatic resources of
Georgia for the tourism (mapping the territory of Georgia on TCI, study trends of
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TCI, determination of other climatic and bioclimatic indices for tourism -
Physiologically Equivalent Temperature, Mean Radiant Temperature etc.).
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In this work the determination of the climatic potential of tourism to Tbilisi (the
capital of Georgia) into the correspondence with that frequently utilized in other countries of
the “tourism climate index” (TCI) is carried out.

V]JIK 551.582
KJIMMATUYECKUI HUHIEKC TYPU3MA B TBWJIMCH.Amupanamsum A.,
Mat3apakuc A., Kapreenumsumu JI./. C6.Tpyno Uucturyra I'mapomereoponoruu I'py3um.
—2008. — 1.115. — c. 27-30. — Anr.; Pes. I'pys., Axr.,Pyc.

B pabore npoBeseHa omeHKa KIMMAaTHYECKOTO MOTEHIMANA Typu3Ma s . Tommcn
(cromuma I'py3mu) B COOTBETCTBHE C YacTO HCIHONB3YyeMBIM B Pa3iIHYHBIX CTpaHax
“Knumarudeckoro UHaeKca Typusma’.
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VK 551.582
KIMMATUYECKHUE, ADPONOHU3AIIMOHHBIE U PAIUO-
JIO'MYECKHUE XAPAKTEPUCTUKHU KYPOPTHO-TYPU-
CTHYECKOI'O KOMIUVIEKCA I'. IXAJITYBO

Beenenue

LIxanTy0o sIBISIETCSl OHUM U3 CTapeimmnx OaJbHEOJOrMYeCKUX KypopTOB He
TonbpKO ['py3un, HO U Bcero mupa. KypopT pacnomnoxeH B noiauHe peku Llxanty-
6oc-Ikamu (JreBBIi IPUTOK peku ['ymucikann), Ha BeicoTe 95 — 150 M Hax ypoB-
HeM Mops. C ceBepo-BOCTOKA K TOpOJYy HOACTYHAaoT OoTpord CaMrypalibCKoro
xpebta (Cucrema bonbmoro KaBkacuonn), a ¢ rora — oTkpsiTas k YépHOMY MOpIO
Konxnackass HU3MEHHOCTb. PackuHyBIIHECS BOKPYI KypOpTa XOJIMBI ITOKPBITHI
GoraToil cyOTpOITMUECKOH PacTUTEILHOCTBIO, BEYHO3ENEHBIM KyCTapHUKOM M JIH-
CTBEHHBIM JiecoM (1y0, Oyk, Bsi3) [4].

IIxanTty6o Taxke 3HAMEHHUT CBOMMH KapCTOBBIMHU IEIIEPaMHU, OCHOBHBIMHU H3
KOTOpbIX sBIstfoTCs “Terpu Mreume 7, “Cartamnusa” u oTkpbITasd B 1984 rony skc-
MEeIUIMOHHBIM oTpsiioM MHcTuTyTa reorpadun uMm. Baxymu barpatuonu B co-
crase Dxumkapuanu . (pykoBonutens), [xampumsunu A., Kanmananse B., Ko-
oynamswia T., Hiwkapanse B. - “I{xanry6ckas ™ nemepa [2 ].

B IIxanTyOGckoM paiioHE HaXOAWUTCS MHOKECTBO MCTOPUYECKHX MAMSATHHKOB.
[TosTOMYy TOMMMO KypOPTHO — JIeueOHBIX (DYHKIMIT rOpoj NMpUBJIEKATENEH U JUIs
TYpHUCTOB.

B mocnenHue roapl mocie MHOTOJIETHETO NepephiBa BO30OHOBHIMCH HAYYHBIE
paboTHl 1O M3YYEHHIO paHee HE MCCIIECAOBAHHBIX MM HEJOCTaTOYHO M3YYEHHBIX
KIMMAaTUYECKUX, a’pOMOHM3ALUOHHBIX M PAJAUOJIOTHUECKUX XaAPAKTEPUCTUK
KypOPTHO — TypHCTHYECKOTo KomIuiekca . L{xanty6o. Huke npencrasieHsl Heko-
TOpBIE PE3YNIBTATHI 3TUX HCCIIEIOBAHUH.

Meroauka
B pabore wucnonp3oBaHbl apXWBHBIE NaHHBIE [ HIPOMETEOPOTIOTHUECKOM
ciyX05I I'py3uu 0 METEOpPOJIOTHYECKIX MapaMeTpax, a TaKKe Pe3yNbTaThl dKCIIe-
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JULUECHHBIX paboT, KOTOPbIE MPOBOAMINCH JieToM 1 BecHOi 2007-2008 rr. Conep-
JKaHWE paZioHa M3MEpsUIoch ¢ momomsio paguomerpa PPA-01M-01 “Anpdapan”
Poccuiickoro mpou3BOICTBa, TaMMa-pagHAlHOHHBIA (OH OMpPENeNsuics TO3UMET-
pom-pagromerpom trma MKC-AT1117M npomsBoacta benopycun, kKoHIeHTpa-
IS JITKUX MOHOB M3MEPSAIACh MOPTATHBHBIM CYETYMKOM a3POHOHOB NPOU3BO-
ctBa CHIA. IMapannensHO BENHCHh M3MEPEHHS CTAaHAAPTHBIX METCOPOIIOTHICCKUX
apaMeTpoB.

Pesyabrarsl

IxanTy00 XapakTepusyeTcs BIAXKHBIM CYOTPOIIMYECKAM KIAMATOM. 3MMa
OUCHb MSTKas U MAJIOCHEXKHAs (CpeIHssI TeMIepaTypa ssHBaps coctarisieT 5,3°C ).
Jleto ouens Témnoe (cpenHsas Temmneparypa aBrycta cocrapiseT 23,8°C). Cpenne-
rozoBas TeMneparypa cocraniseT 14,6°C.

CpenHemecs/9Hast YIPYTOCTh BOISHOTO Tapa B aTMOC(hepHOM BO3AyXE MaKCH-
ManbHa B mrolne (22,2 M0), a MUHUMalbHAs — B ssHBape (6,4 M0). CpemHeromoBas
YIPYTOCTh BOISHBIX ITapoB B atMocepHOM Bo3myxe coctaBisieT 12,9 m6. Cpen-
HEMECSYHAss OTHOCHUTENbHAs BIAXKHOCTh aTMOC(EPHOTO BO3AyXa Ha KypopTe
Lxanty00 MakcumanpHa B utoie u asrycre (78 %), MuHMManbHa B ampene (69
%). CpenHeronoBasi OTHOCHTENIbHAS BIAYKHOCTH aTMOC(EPHOTO BO3IyXa COCTaB-
nsiet 73 % .

IIxanty6o oTnuuaeTcst HU3KOI BeTpeHOCThI0. B X0JI0AHBIN nepuos roga roc-
MOJICTBYIOT CEBEPO-BOCTOUHBIE M BOCTOYHBIC BETPHI, @ B TEMIBIA MEPUOI TOAa —
3amnajiHble BeTphl. YNCII0 JHEH C CUIIBHBIM BETPOM B TEUEHHUH T'OJla HE MPEBBIIIAET
13. CunbHBIE BETpHI OBIBAIOT B OCHOBHOM B MapTe U amnpese. CpenHeroaoBoe 3Ha-
yeHrne aTMoc(epHoro gaBneHus cocraiser 1008,8 mm pT. ctonba. Kypopr xapax-
TEepHU3yeTCs YacTOH 00JaYHOCTHIO, 0COOCHHO B ()eBpaje u MapTe. B To xe Bpems,
LxanTy00 XapakTepu3yeTcs MaJbIM YHCIOM JHEH ¢ TYMaHOM.

KonunuectBo ocankoB B cpeaneM 3a roa coctaniser 1692 mm. bonbias yacts
ocagkoB mpuxoauTcs: Ha xonoaHbli mepuox (1X — Il Mecspr) gacTe BecHOIt U B
Hagane nera (IV — VI mecsipr). MakcuManbHOE KOJTHYECTBO OCATIKOB IPUXOIUTCS
Ha siHBaph (169 MM), a MuHMManbHOE Ha aBryct (123 mm). B xomonmsIi nepuoa
roJla OCaJaK{ BBIMAIAIOT B BUAE cHera. M3 o0mero KoamdecTBa 0cagkoB (KUAKHUE,
TBEPJIBIC U CMEIIaHHbIE), Ha TBEPAYIO (a3y mpuxomutcs Bcero 7 %. Brimanenue
MEPBOTO CHeTa OOBIYHO OXuaaeTcsi B ssHBape. CHEXHBI MOKPOB HEYCTOMUYMB U
ero TasHue ObIBaeT B (eBpasie. TommiHa CHEXHOTO MOKPOBa peako mocturaet 10
cM u boree.

Kmumar L{xanty0o oTiudaeTcst oOMIHeM CONHEYHBIX jJHed. OTCyTCTBHE COJ-
HEYHBIX JHEW OOBIYHO UMEET MECTO B XOJIOJHBIN IMEPHOJ T0/1a U B Ha4aje BECHEI.
IIponomKUTETHPHOCTh COTHEYHOTO CHsTHUS B 1[XanTy0o B TedeHHUe rojia B CPeIHEM
cocraBisieT 2032 4yacoB. AKTHBHOCTh COJHEYHOTO CHSHUS, KaKk B aOCONFOTHOM
BBIPQKEHUH, TaK U B MIPOIICHTaX, MAaKCUMaJlbHa B aBrycre (COOTBETCTBCHHO 239
gac u 11,8 %), a muanmansHa B nekadpe (89 vac u 4,4 %).

Jus omeHKH OMOKIIMMATHYECKHX XapaKTEPUCTUK MECTHOCTH M B THTHe-
HUYECKOW MpPaKTUKE YacTO HCIIONB3YEeTCS METOJA IKBUBAICHTHOH-3((eKTHBHBIX
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temnepatyp (237). DOT — 3T0 coyeTaHHe OJHOBPEMEHHO HAONIOAaEMBIX TEMIIC-
paTypbl, OTHOCHTEJIHHON BIaKHOCTH BO3AyXa M CKOPOCTH BETpa, BBIPAKCHHOE
YCIOBHBIM 3HAYEHHWEM TEMIIEPATYpPbl, KOTOPOE CO3JaECT TO XK€ TEIUIOOLIYIICHHE
(Tot e TermnoBo# 3 deKT), YTO U HeMOABIKHBIN Bo3ayX npu 100% oTHOCHTEND-
HO BIIQKHOCTH U OTIpeieNiecHHo# Temmepartype [5,10,13].

CymectByer aBe mkamel 997. OCHOBHas COOTBETCTBYET TEIUIOOIIYIICHUIO
00Ha)XEHHOTO YEJIOBEKa, HAXOSMIETOCS B TEHM M NPHUHHMAIOIIETO BO3IYIIHBIC
BaHHbI. HopManbHas mkama 337 COOTBETCTBYET TEILIOOIIYLIYHHUE OAETOro MO
CE30HY UeJIOBEKa, COBEpUIAIONIEro HeOomblIne MpOryiakud. B coorBercTBHE C
HOPMAJIBHOM IIKAIO# BBIICISIIOTCS MATh OCHOBHBIX rpamanmii 99T 1-8 °C — xo-
n0ono, 9-16 °C — ymepenno xonoono, 17-22 °C — xomepopmno, 23-27 °C — menno,
6oiee 27 °C — arcapro [10].

Ha puc. 1 npencraBieH BHyTpUTOAOBOH X0/ CpEJHEMECIUHBIX 3HaUeHu 23T
B Lixanty6o0. Kak ciemyer u3 aroro puc. B sHBape, ¢eBpane, mapre, anpene, HO-
a0pe m nexabpe cpexHemecsaHble 3HaueHHst D37 B L[xantybo cOOTBETCTBYIOT
rpajammu xonoono. B mae m okrsOpe 3HaueHnss 337 COOTBETCTBYIOT Ipajlaliiu
ymepenHo x0100Ho. C HIOHS TIO CEHTSIOph caMblif OiarompusATHBIN ce30H - II3T
COOTBETCTBYIOT I'pajlallil  KOMPOPMHO.

BHyTpurogoBou xoa cpeHeMecAYHbIX 3Ha4YeHun 33T B
Lixanty60

25
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5 A——/ / \l \ —=— 99T

33T
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-5
Mecsay

Puc. 1

[Ipy mTHIe ¥ KOPPUTHPYIOIMX YCTPOWCTBAX, CHUMAIOIINX BIMSHHUE BETPA,
TEIUIOOLIYIICHHE 4YeJIOBEKa IIPU TEX JK€ TeMIeparypax M OTHOCHUTEIbHOU
BJI&YKHOCTH BO3/lyXa, BeIpaxkaromieecs B 3()(PEKTUBHBIX TeMIlepaTypax, HECKOJIBKO
MeHsieTcsl. B maHHOM citydae rpamanuu xo.ioono 3HadeHus D97 B L{xanty6o Ha-
OmonmatoTcs B sHBape, QeBpalie W Jekaldpe; Tpalalluud yMepeHHO XO0A00HO — B
MapTe, anpele, OKTI0pe U HosaOpe; rpalaliuu KomMpopmuo — ¢ Masi 0 CEHTIOPb.

To ecTb, B MECTax € KOPPUTHMPYIOUIMMM YCTPONHCTBAMHU IO CPaBHEHHUIO C
MECTaMH, TJIe eCTh BETepP, HPOJOIDKUTEIBHOCTD «KOM@POPMHLIXY MECALECB YBEIU-
YUBAETCS C YETHIPEX MO IIATH, TOT/A KaK MPOJODKUTEIIEHOCTE «X0I00HbIXY MECS-
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LIEB YMEHBILIACTCS C IECTH A0 TPEX 3a CUET POCTa MECSILEB C rpafaluel ymepeHHo
X000HO € OBYX IO 4eThIpeX. TakuMm oOpa3oM, BeTep OKa3bIBACT JOCTATOYHO CY-
[IECTBEHHOE BIIMSHUE HA CTENCHb TEIUIOOUIYIICHHUS YeJoBeKa B YCIOBHAX L[xam-
Ty0O0.

OnHO¥ U3 BaKHBIX XapaKTEPHUCTHK Ka4eCTBa BO3IyXa SBIACTCS COACPIKAaHIE B
HEeM JIETKUX HOHOB. [IpomirakTnaeckoil 1 THTHeHHYECKOH CUUTACTCS KOHIIEHTpa-
st erkux uouoB oT 10° 1o 10* B cm®, cooTBETCTBYIOMmMAS HX CONEPIKAHMIO B THC-
Tom Bo3ayxe. Comeprxanne HoHOB Bhime 5-10* B cM® HeraTHBHO BIMsET HA 370PO-
Bbe yenoBeka [7,11]. BriusHue a’poroHOB Ha 4YelIOBEKa MHOTOCTOPOHHE, OHO 3a-
BUCHUT OT MOJISIPHOCTH a3pOHOHOB. Hampumep, pu HETOCTATOYHON M M30BITOUHON
KOHIICHTPAIUSIX a3POMOHOB OHO MOXET OBITh HEONIArONMPHATHBIM, & MPH OINTH-
MAaJIbHBIX KOHHCHTpAIUAX HOHOB OTpPIIIaTeJ'ILHOﬁ MOJIAPHOCTH - CTUMYJIHUPYIOLIUM.
30HaMH, BOCTIPUHUMAIOIIUMHE a3POHOHBI B OpTaHU3Me, SBITIOTCS OPTaHbl IbIXaHHS
U KOXKa.

W3mepenns mokaszaiy, 9TO B KYpPOPTHBIX 30Hax llxantybo HOCTaTOYHO XO-
polee Ka4ecTBO BO3MyXa C TOYKH 3pEHHS €ro MOHU3AINH. Tak, BO JBOpE CaHa-
topueB Oasuc u Cakapmeeno CyMMapHas KOHICHTPALHUS ITOJOKUTCIBHBIX U OT-
pHUIATENFHBIX HOHOB ObLma Omu3ka k 2000 em”. Bomusu JIOpOT KOHLEHTpaLus
JIETKMX HMOHOB CYILECTBEHHO yMeHbllanack. Hampumep, B CKBepe HalpOTUB BO-
K3QJIbHOH IJIOIAJAN CyMMAapHOE COJIep KaHre adpOMOHOB ymano o 940 em™. Bbi-
COKasi KOHIIGHTpalusi adpOMOHOB HaOxrofanack BOMM3M (OHTAHOB B LIGHTpPE Io-
poJia ¢ CyIIECTBEHHBIM MpeobiaganneM OTpUIIATENbHBIX HOHOB — oT 2000 eM™ 10
8000 cm™® oTpruatensHbIx i 0komo 900 e monoxuTensHbIX. Ha opranmsm ot-
JIBIXAOIUX BOIU3U (POHTAHA JIFOJICH 3TO OKa3bIBACT OJArOTBOPHOE BIIMSHUE.

YpoBeHb TaMMa paguanuy MouBbl B [[xanTy0o He MpeBBIMIACT JOMYyCTHMBIX
HOPM H TI0 HaIlTIM M3MEPEHUSM He TpeBhImain 73 H3B/4ac.

Kak 6pu10 0T™MeueHo BhIIIe, B L[xantybckoMm palioHe HMEIOTCS KapCTOBEIE Te-
IIepHl, KOTOPhIe MOKHO MIPUMEHSTh LIS JICUCOHBIX (CIIeneoTepanus) U TypUCTHYE-
ckux uenedd [1,12]. OpHako BBISCHHIOCH, YTO YacTh OOCIIEAOBAHHBIX HA PAJlOH
mermiep B paAnaliOHHOM OTHOIICHHWH OKa3ajach Halieko HeOe30macHO! (CoTiacHo
[11] TIOK pagona B Bo3myxe pabounx momMenieHuii cocrtassiet 1200 BK/M3) . IIpu-
4yeM, B IJIaHE PUCKA JJIs 3JI0POBbs YEJIOBEKa INIABHYIO OMACHOCTh IPEJICTABISIET HEe
CTOJIBKO CaM PaJIOH, CKOJIbKO €r0 JIOYEPHUE MPOIYKThI, BbIXa€MbIC YEIOBEKOM U
OCCNarIue B JICTKHX. HBBGCTHO, YTO IIOBBIIICHHAA KOHICHTPALWUA TOYCPHUX
IMPOAYKTOB paJgoOHa MOBBIMIACT PUCK 3a00JIeBaHUsA paKoM JICTKHUX, a4 TaKKE€ pakoM
KpoBH. B TO ke Bpemst pasioH 00JiafaeT MOJC3HBIMU TEPATICBTUYCCKUMHU CBOWCT-
BaMHU, B CBSI3U C YEM BIIOJIHE BO3MOXHO HCITOJIH30BaHHE NEIIEp B JICYCOHBIX [ENISX,
UCIIONIB3YSl COOTBETCTBCHHBIC MEPHI paJHallioHHON Oe3omacHOCTH. [loBBIIICHHBIC
KOHIICHTPAIUH PaJOHA MPUBOJAT K YCHICHUIO MOHU3AIUH BO3IyXa U, COOTBETCT-
BEHHO, K YBEJIMYCHHUIO COJCP)KAHHS B MEMIEpax JISTKHMX HOHOB, MMCIOIINX TaKXKe
MOJIE3HOE BO3JICHCTBHE Ha 3/I0POBHE YETIOBEKA.
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Hwxe npuBoauTcst KpaTkasi MUKPOKJIMMAaTHYECKash M paJilalliOHHasl XapakTe-
puctuka neniep “Terpu Mreume”, ”Caramma” u “LxantyOckas”. MUKpoKIIMaT
STHX TeHep OTINYaeT BEIpaKCHHAS CTAOMIHHOCTH B TCUCHHE TOA.

KapcroBas nemepa “Terpu Mreume” pacronoskeHa B ceBepHON dactu Lxain-
Ty0O, Ha paccTOSIHAM | KM OT IEHTpa KypopTa M HAYMHAETCS 5-METPOBBIM KOJOJ-
mem. Co JHa KOJIoAna y3KWH J1a3 BRIBOOUT B Kopuaop mmuHoi 100 M, mpu mmprHe
5—20 M u BeIcOoTE 3 — 5 M.

Temneparypa Bo3ayxa B Teriepe KosebdJercst B TeueHue roja B npenenax (12
— 14)° C, otHocuTenpHas BiraxHocTs — (98 — 100)%, ynpyrocts BOASHOTO mapa B
Bo3ayxe — (13,7 — 16) mO6.

Buytpu “Terpu MraumMe* SKBUBaJIC€HTHBIE O3Bl MOHU3UPYIOIIEH panuaiuu
cocraBmsiror — (100 — 170) u3B/uac (ramma-msnyuenue), (110 — 180) u3p/4uac
(ramma- u Gera-m3ryuenus) u (130 — 190) 3B/uac (anbda-, Oera- U ramMmma-u3Iy-
YeHUS).

K coxanenuro Bo Bpems nocienHeil skcneauuuu B ampene 2008 roga Hamu
OBLTO OOHApPYKEHO, UTO IBEph B Iemepy Oblia B3oMaHa. BHYTpH memeps! ObuTn
oOHapy>XeHBI CIIeAbl HECAHKIIMOHUPOBAHHOTO HAXOXICHHS IOACH: Mycop, Oy-
TBUIKH, OCTAaTKH ITUIIH, 30JIa OT KOCTPOB. TO €CTh €CTECTBEHHBIC YCIOBHS COCTOS-
HUS Telephl OBLIM HapyIIeHs! (TepMeTH3allisl, YUCTOTa BO3AyXa U 1p.). B pe3yns-
TaTe B Ieliepe cojepkaHue pajgoHa Obuio MeHee 20 Br/m®, COOTBETCTBEHHO KOH-
HEHTpalus JerkhuxX HOHOB cocTaBisa 250 eM™ s momoxurensHbX 1 100 cm™
JUTS OTPHUIIATENIBHBIX, YTO XapaKTepHO IS CHIIBHO 3arpSI3HEHHBIX MPOMBIIIIEHHBIX
ropoaoB. s cpaBHEHHsS OTMETHM, YTO BHE IEIIEpHl, B HEOONBIIOM Jiecy Heaa-
JIEKO OT BXOJia B Hee, COJepXKaHHe JETKUX MOHOB B BO3yXE B PA3HBIX MECTAX CO-
craBisuio (1000 — 1500) em™ st monosxkurensHex 1 (900 — 1600) em™ s oTpH-
[aTeNIbHBIX. TakuMm 00pa3zoM, clielyeT MPHHATH CPOYHBIE MEPHI MO0 BOCCTAHOBIIC-
HHUIO €CTECTBEHHOTO JICYeOHOTO MoTeHIMaa memepsl “Terpu Mreume*, mpenBa-
PUTEIBHO IETAFHO H3YYHB IPHYNHBI HAPYIICHUS 3TOTO MOTSHIIAAA.

KapcroBas nemepa “Caramima® 3aj10keHa B HUXKHEMEJIOBBIX M3BECTHSKAX U
pacmionoxkena B 7 kM ot L{xanty6o0, Ha rope Canrypanuc Cepu . [lemepa ropuzon-
TaJlbHAsl U COCTOUT M3 HECKOJBKHX 3aJ0B. [ninHa nemeps! ¢ otBerBieHusiMu — 300
M. [lemepa ckBo3Hasl.

CyTouHBIE U CE30HHBIE M3MEHEHHS TeMIIepaTyphl BO3yXa OT BXoja B Ie-
[Iepy BIIIyOb TOCTENEHHO CIVIA)KMBAIOTCSA W B IICHTPAIBHON YacTH HaOIIOmaeTcs
nouTH ToctosiHHas Temreparypa (14 — 15)°C ¢ cyTouHbIMH KONeGaHUSIME B TIpe-
nenax (0,3 — 0,5)°C u rogoebiMu — (1 — 2)°C. He3HauuTenpHbIM KoJicOaHHEM Xa-
paKTepu3yeTcs W BIAKHOCTh BO3/yXa. YIPYTrocTh BOASHOTO Tapa U OTHOCHUTENb-
Hasl BJI@XXHOCTb Y BXOJIa 3aBUCHT OT ITOT'OJHBIX YCJIOBHI Hapy>KHOTO BO3/1yXa, HO
BIIIyOH IeIephl, Yepe3 HECKOJIBKO AECSITKOB METPOB, BEJIMUMHBI 3THX MOKa3zaTeen
CTaHOBATCS TOYTH IOCTOSHHBIMH. OTHOCHTENIbHAs BJIAXHOCTh B LEHTPAILHOMN
YacTH Telepsl koaebnercs B mpenenax (95 - 98)%, a ynpyrocts BOASHOTO mapa B
Bo3ayxe — (16 — 16,7) M6.
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BHyTpy memiepsl SKBUBAJICHTHBIE /1036l MOHM3HMPYIOIIEH paaMaluy COCTaB-
asrot — (100 — 170) u3B /yac (ramma-uznyuenne), (110 — 180) u3B /uac (ramma- u
oera-mrydennst) u (110 — 190) u3B /gac (anpda-, 6era- u ramma-uznydenuns). Co-
JiepKaHue pagoHa ObII0 0KoI0 960 BK/MS, KOHIICHTPAIIHS TTOJOKUATEBHBIX JIETKAX
asporonoB - 16000 cm, a orpumarensabix 18000 - e,

[Temepa “LIxantyOckas™ pacmojioxKeHa Ha PACCTOSTHUN 6 KM K CEBEPO-BOCTOKY
ot Kypopra Llxanty6o, Ha BeicoTe 140 M Hax ypoBHeM Mops. [ Hee XapaKTepHBI
npocropusie (14-35 M) u Beicokue (7-25M) mnoa3eMHBIE 3ajIbl, BOSHUKIINE B pe-
3yJIbTaTe Pa3pyLIMTENbHBIX IMOJBIDKEK, a TaKKe Y3KHE MEaHAPOBBIC MPOXOJBI,
CyXHe M BOJHBIE CH(OHBI, SBOP3UOHHEIE sIMBI (cM. (oTo). [lemepa BripaboTaHa B
MacCHUBHBIX M3BeCTHAKaX bappema. Ee BO3HMKHOBEHHE M Pa3BUTHE TECHO CBSI3aHO
C BO3/ICHCTBUEM HANOPHBIX BOJI.

doTto
OnuH 13 3a510B L{xanTyOckoi nemeps

B HavanpHOM OTpe3Kke Memephl, KaKk W B JPYTHX YacTAX, IPUBICKAIOT
BHUMAaHHC OOBAIMBIIKECS IOPOJABI, B TOM YHCIC THTAaHTCKHE HW3BECTHIKOBHIC
TIIBIOBL; HA CPETHEM YYACTKE OTMEYAETCsl TaKKe OOHa)KECHHE IUIOTHBIX TIUH. [Ipu
9TOM HPEACTABICHBI BCE TEHETHYECKHE TUITBI CYOTEpaIbHBIX 0caaKoB. OOmINeM u
MHOT000pa3ueM TOMOTCHHBIX OCAJKOB OHA MOXET IOCIIOPHUTH CO BCEMHPHO W3-
BecTHON HoBO-A(OHCKOI memepoi.

Ha xoHEeYHOM ydacTKe OCHOBHON MAarucCTpai MPOTEKaeT MOI3eMHAst peKa ¢
HectaOminbHbIM Jebutom (60-8000 i/cex). TTocTymieHne BOAHOIrO MOTOKA B Me-
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uiepy MPOUCXOJIUT U3 pacioyiokeHHoM B 500 M OT Hee Ha ceBEpO-BOCTOKE, Iie-
miepsI-3cTaBessl Omdo.

C momoIIpio akBaJIaHTOB OblIa MPOM3BE/ICHA ChEMKa paHee HEM3BECTHBIX U
HAIIOJTHEHHBIX BOAOH moa3eMHBIX Kopumopos: Ommdo (3 800 m), ['muana (1 200
M), Jdunrene (250 m) u ap. Ha ceromusmauii 1eHs cymMMapHasi JUTHHA 00CIIeI0BaH-
Holt IxanTyOckoil memepHo#i cuctemMsl nmpeBbicia 15 kM. B mpenenax cema Ky-
MHCTaBH €M1 OCTAINCh HEMCCIICTOBAHHBIC TEIIEPH], KOTOPBIE HAXOMIATCS B HEIIO-
CPEICTBEHHOM CBSI3U C BBIIIE OMMCAHOW MELEPHOM CUCTEMOH.

Konnenrpanus pagoHa B pa3nu4HbIX 3anax nemeps! Mersercs ot 307 no 6905
Br/M®, ramMMa-paauanuonHbiii GoH ot 45 mo 133 H3B/4ac, cyMMapHOE ColEpKaHUe
asponoHOB oT 32000 10 135000 monos/cM®. Kak 1 clie1oBago 0XKHIaTh, COTEpkKa-
HHE paJi0OHAa M a’pOMOHOB HMEET 3HAYUTEIbHYIO MPOCTPAHCTBEHHO-BPEMEHHYIO
HEOJHOPOAHOCTh. Tak, HampuMep, U3MEPEHHs. B OJHOM M TOM JK€ ITyHKTE ITOKa-
3amy, 9to JeroM 2007 roma KOHIEHTpanus pamoHa Opiia Oonee 4eM B 2 pasa
BhIlIe, yeM BecHoi 2008 roga. CymmapHOe coaepskaHue a’dpouoHOB jetoMm 2007
rojia B TOM K€ ITyHKTe n3MepeHus Obuto B 1,59 pa3 Brime, gem B 2008 1. Yo kaca-
eTCsl TaMMa-paJiallioHHOTO (POHA, TO JaHHBIC W3MEPEHUI OTIMYAIOTCS HE3HAUH-
TenbHO (okoJo 10 %). ITo Bce#l BHOUMOCTH, CYIIECTBCHHAS Pa3HHIA B COAEpIKa-
HHUH pajioHa U a3POMOHOB B yKa3aHHBIE CPOKU HAOIIOACHUIN 00YyCIOBIEHA TEM, 4TO
B JleTHUH nepuoa 2007 roga CTEHsHI Meuiepsl ObUIM 3HAYUTEIHHO MEHEe BIIaXHEIE,
geMm BecHOU 2008 roga. 310 cocoOCTBOBAIO AYMAHAIIMU PaJOHA U3 CTEH IMEelIephl.
He uckirodeHa u ponb UPKYISALKN BO3yXa B Melepe.

OTMeTHM, YTO 110 HAIIIMM PAaHHUM HCCie0BaHusIM B HoBo-AdoHckoii memnepe
KOHLICHTPALKs PaJOHa B PasiMyHBIX 3alax Konebanach o 67 10 3045 Bx/M, B
nemiepe “Lixantydckas* ot 555 mo 3885 Br/m® [2,3].

Jis cpaBHEHHSI OTMETHM, 4TO OoipmmHCTBE rremep KOxHoro Ypana u Ilpe-
Iypaibsi 3a)UKCUPOBAHHBIC 3HAYCHHS TraMma-(poHa, KojeOmroTcs ot 26 mo 88
H3B/gac. OOBIYHO OHU COCTaBIIOT — 44-53 H3B/4ac U SBIAIOTCS (DOHOBBIMHU IS
MECT PACIOJIOXKCHUS caMuX Temep. Mexay TeM B 18-Tu memiepax, nmpudeM He3a-
BHCUMO OT WX MPUHAIJICKHOCTH K KaKOMY-THOO CTpaTUrpaduIecKoMy IMoIpase-
JIEHUIO, KapCTOBO-CIENEONIOTUIECKOW MPOBUHIIUN WJIM 00JIACTH, OTMEUYEHA TIOBbI-
IICHHAs CTEMEeHb PAJIMOAKTUBHOCTH. A UMeHHO: B 10-THu nemepax ramma-(oH goc-
turan 132, B 4-x — 176, B 2-x — 220, B onHO# — 264 u B niemiepe Jlensnas-JIumosas
— 282 u3p/ygac. [lpuuem, B TocneaHeN MOKa3aHMs paJloMeTpa HHUTAE HE OIycKa-
nmck Hmke 220 u3s/4ac [6,9].

B nemepe “T'eopusuyeckas™ (Xpeder Kyruranrray, TypkmeHHCTaH) KOHLEH-
Tpauus panoHa coctasuna 14500-69110 Bi/M®, a YPOBHH TaMMa-(OoHa COOTBETCT-
BEHHO Kosebanuchk B mpenenax or 150 mo 1311 u3B/uac. Coxeprkanue pajoHa B
pasnuuHble ce30HbI roia B 5 rporax “KyHrypckoii neastHoii nemepst™ (Ilepmckuii
Kkpaii) Bapeupyer or 234 mo 12280 Bx/m°. B pa3nuuHbIX 3anax “BopoHuoBckon‘
nemepsl (Coun) copepkaHue pagoHa kojiebdanock ot 20 go 5900 Br/M°. Cpennuit
paguannoHHBIH QOoH “BOpPOHIIOBCKOW Temepsl IO MOJIOCTSM  COCTaBisIeT 35
H3B/4ac u kosebnercs ot 26 mo 70 u3B/dyac. Hanbompmmit poH HaOMIOMAaETCS B
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MOJIOCTSIX, 3aIIOJHEHHBIX OTJIOXKEHHAMH neuiepHoro Tyda (70 H3B/4ac), HaUMEHb-
i (He 6oiee 26 H3B/4ac ) - B MOJNIOCTSIX, BBUIOKEHHBIX U3BECTHAKOM. B memepax
MaccuBa Kripray (Y30ekucraH) cpemHee COIepXKaHHE paJoHa COCTaBLuio 854
Br/M® . B “Bombmoit Asumickoii* memepe (Ceeprbiii KaBkas) KOHIGHTpAIus pa-
oHa Kosebanack ot 77 1o 1080 Bx/M, a B memepax MacciBa Apabuka (3amaTHblit
Kaskas) — 10 1628 Bx/m°. Conepkanue pagona B nemepe “Mpamopras® (Kpbiv)
coctasmsuio 155-39300 br/m*[6,8,9].

Takum 00pa3oM JaHHbIE, TOJyYEHHbIE HAMH, BIIOJHE CONOCTaBHMBI C aHAJO-
THYHBIMU pe3yJbTaTaMH JPYTUX aBTOPOB, U MOJTBEPKAAIOT OOIIYIO JUIS BCEX Ie-
Iep 3aKOHOMEPHOCTh CYIIECTBEHHBIX MPOCTPAHCTBEHHO-BPEMEHHBIX HEOIHOPO/I-
HOCTEH coJepikaHMsl B HMX pagoHa. UTo KacaeTcsi a3pOMOHOB, TO paboOT Apyrux
aBTOPOB IO 3TOMY BOIIPOCY BeChbMa MaJio.

HecMotpst Ha He3HaYMTENFHOE KOJMYECTBO M3MEPEHHH MOKHO CHETATh BBI-
BOJl O TOM, YTO HEOOXOANUM PETYJISPHBIH KOHTPOJIb (MOHHUTOPHHT) PaJHallMOHHON
00CTaHOBKH B TICIIEPE, YIUTHIBAsl TO, YTO B OTICIBHBIX €€ 3aiax HaOmogaroTcs
cymecTBeHHO nosbimeHHble (Boime [1JIK) xoHIeHTpannu Kak pagoHa, Tak W JieT-
KHX a3pPOHOHOB.

3aki04yeHue

[IpencraBneHsl NpeABapUTENbHBIE PE3yNbTaThl HCIEAOBAaHHUS paHee He
H3yYEHHBIX WJIN MaJO0 U3yYEHHBIX MHUKPOKINMATHYECKHX, a9POHOHU3ALMOHHBIX U
pafuaMoOHHBIX XapaKTEPUCTHK KypOPTHO — TyPHUCTHYECKOrO Komulekca r. Llxain-
Ty60. IlpoBeseHa OlleHKa 3HA4YEHHH SKBHUBAJICHTHO-3()(EKTHUBHOW TeMIlepaTypsbl
Bo3ayxa B Llxanty6o. [IpuBeneHB NaHHBIE O COAEP)KAHUH JIETKUX a9POHMOHOB U
raMMma pagualioHHOM ()OHE B Pa3IMYHBIX MecTax ropoza. I[IpencraBieHbl HOBbIC
JaHHBIC O KOHIIEHTPAIWU PaZoHA, JETKHX a’3pOMOHOB M raMMa paIHallMOHHOM
tdone B memepax “Terpm Mreume”, ”Cartammua” u “LlxantyOckas. OTmedaercs,
yto B neuiepe “Terpu MreBume” HapylIeHO €CTECTBEHHOE MHUKPOKIMMATHYECKOE
COCTOSIHHE U HEOOXOAMMO NPHHATHE MEp II0 €ro BOCCTAHOBJIEHUIO. [lenaeTcst BbI-
BOJI 0 HEOOXOJMIMOCTH PETYIISIPHOTO KOHTPOJISI COJEP)KAHMs PaJoHa M a9POUOHOB €
TOYKHU 3PEHUS PAAUAIMOHHON M TMIHEHUYECKOil 6€301acHOCTH.

Pab6ora BeinosaeHa npu moaaepkke rpanroB STCU N 3992 u GNSF N 074,

a Taxoke [lenapramenTa no typusmy I'pysun.
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Tsikarishvili K., Chelidze L./.Transactions of the Georgian Institute of Hydrometeorology. -
2008. - 1.115. — p. 31-40. - .; Russ.; Summ. Georg.; Eng.; Russ.

Results of studies of climatic, aero- ionizing and radiological characteristics of
Tskaltubo city and also "Tetri Mgvime", "Sataplia” and "Tskaltubo" caves are represented.

YJIK551.582
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Nucruryra T'uapomereoposnorun I'py3un. —2008. — 1.115. — ¢. 31-40. — Pyc.; Pes. I'pys.,
Awmr., Pyc.

[pencraBieHsl pe3yabTaThl HCCIIEIOBAHNI KIMMATHYECKNX, a9PONOHH3AIHOHHBIX
U PaJIMOJIOTHYECKUX XapaKkTepucTHK B T. llxanry6o, a Takke nemepax “Terpm Mreume”,
”Caramma” u "Ixanry6ckas”.
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POTENTIAL OF FRESH WATER RESOURCES OF GEORGIA AND ME-
NEGMENT./Geladze V., Geladze G., Bolashvili N., Machavariani N./.Transactions
of the Georgian Institute of Hydrometeorology. -2008. - 1.115. — p. 41-45- Georg.; Summ.
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Fresh water resources are the major natural resources of Georgia. Georgia with
copious fresh water resources is a great temptation for drawing foreign
investments and barter exchange. After the detailed water economy balance is
developed the volume of export water per regions and time, the method of water
taking, condition of hydroecosystems et al. will become possible to define
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PECYPCHBIW NMMOTEHIIMAJ IMTPECHBIX BOJI I'PY3UM U MEHE/X-
MEHT ./Tenanze B.I1., I'enagze I'.B., bonamunun H.P., Mauyasapuanu H.I'./.C6.Tpynos
Wucturyra I'mapomereoponornu ['pysun. —2008. — 1.115. — c. 41-45. — I'pys.; Pes. I'py3.,
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Pecypchl npecHO# BOIBI - TIaBHOE MpupoaHOoe OorarcTBo ['pysuu. Pecypcs
MPECHOM BOJIBI MOTYT NMPUTATUBATh MHOCTPAHHBIE MHBECTUILIMM U CTaTh pPealbHBIM
HMCTOYHUKOM OapTepHOro oOMeHa. TouHOe KOJMMYECTBO IKCIIOPTHPYEMON BOJIBI TIO
BPEMEHBI W PETMOHAM, METOJ W MECTO BOJOUIBATHUS ONIPEHEISAETCS IOCIe
JIETaJIbHOTO aHaiu3a OTJEIbHBIX THAPOIKOCUCTEM U  BOJOXO3SHUCTBEHHBIX
0aaHCOB COOTBETCTBYIOIMINX TEPPUTOPHIL.
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04 9bdybggagmazomo.  gaods@ol  dgggm@ds  s@ooboesd  bgmo
dgaFym bgmygbol 3g@omeols Jobgdowsb segomswblibswo oo gbols
3590 YB3z0L  3OmEglols  aodmog@gdsl, @sdsi I@gbodo  Fyo@mmgdol
3o 9-demodg Fyodmgdom dgiagans aobsdo®mds. Lfmégo gl gbops ym-
Qoaoygm  gOm-gamo doGomswo dobgbo 0dols, G®I sbGogydo bobols
sboFyoldo Igodogo Imbobargmds Lodmemme Fmggdl gyomgxs-0g@ols
Jag®o0mbl. o dbm@me ob. §. VI L. @wogqdbgdygem godgxol Lodmbo-
LE®M dggmgdby gMdgamgds F93980 Lodmbold@mm sbmgdgds.

Amam@i3  hobl, aoMmgxe-0g@ol  Jgg@sombols  GgdoGm@osby  ©s
Log@omme 0g@ol bgabol o bsfombyg sbo@m3magbydo god@meols
bgaogegbom 5bBogy® 3gdomePo 9339 ogm JgJdbogro Id@omo ggarols
> bobggo®myesdbmbismgol sdsbsliosmgdgero dop®miamods@y®o @ggo-
do, @odo3 ©olodsdo doligs Aogadbmgdols 3Gm3glol ©oFygos-aobgomes-
M905l. 2ogadbmgdols 3MmEglio asdmgmobs o3 Jggdsombdo @ go0-
>@oJloll  odemdoEsb  ©s  gawsmol  gogosb  53dsbols,  gs®owabols,
bydbgdonl ©s bobggedyosdbmls Lbgs 33gbsdgymo bobgmdgdols aogm-
Bggoom. 5dsgg 3gMomedo, Bgggdol gohgbgol dgwgasw, gbws wsfyg-
dg@ogm bgmagbol s 5bn®m3mygbols 3gMomols swgo s dgowo Jsbg-
dom s go9eo dmgdols s bgdgdol 0bGgbboygdo Bobogydo asdmaodgs,
domo dgmogdo sbsFgg@gds, dgomgboygdo Mgmogxnol, Id@sgo gof@m
bgggdols ©s bMsdgdols aobgomomgds, Mo saoy-semoy gsdbml Godols
M9e00980L dmsdgdomgdols Bmggdl.

05b5dgdmgg 3060mdg6do  danogdo  Sbo@m3mygbygdo  bgfmaols
(0b®gbloyg@o dmggds, bgbo-mglgs, o@sLFm@o Jgmom@sigos s Lbgs)
9o@ymxzomo  bgyege gbol wmbg Jglobodbogow smgdo@gds godgxs-0g-
@ols @s0mbol 39bgddogo @obedoxBol mgomswoagbols dgbsdan gdenm-
b5l, Moz o3 ggobsbgbgamol danog® gadoEsEosls Aobodo®mdgdl. @so-
mbdo  sdgodo  dgodhbggs AogLedbmgdol 3GmEglol godmogdgds —
30 33oM-005Jbol wod@mdowsh Yesdbml gargdgb@gdols dgdmid@s, boo-
salogomols 0bBgblogmo wsdamsdgds o Lbgs, odsi gamods@ol me-

bodgmmgg gemds@ado smdmdol bgysgemgbom dgodangds dgudcg-
go0 bolbosmo doomml. ofgg 9bws om0bodbml, G®I ggobslgbgen bo-
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69630 Bododmgdymo sdmygengzgdol dobgogom s@dmbsgamgmn Lods®m-
39ml  Jnsmsdyggmol GgmoGm@osdyg, Gmdmol boFomblsig Fo®ddme-
396 0g@ols bgasbo, XX Loggybgdo dg0b0dbgds LgbBo @omdmds, Lo-
‘dgogome  0,3-0,4 9C/100 Feooli Lobmgmgddo [4] 53039 3gompdo o5@-
dobggagemo bogngdgdol Fenoygdo @ompgbmdols gemoggds 0gdols byg-
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bo'dbgds [3].
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uDC 551

ON THE CAWES OF DESERTIFICATION OF IORI ELEVATED PLAIN AND
CLIMATE ARIDIZATION./Djanelidze Z./.Transactions of the Georgian Institute of Hy-
drometeorology. -2008. - 1.115. — p. 51-56. - Georg.; Summ. Georg.; Eng.; Russ.

On the basis of paleogeographical, geobotanical and archeological records it
became obvious that antropogenic modification of the natural landscapes of
forest, forest-steppe and steppe of the lori upland began at an early stage of the
Bronze age (5000-6000 years ago). Since then the major part of the lori upland
has been cultivated by man, whose economic activity was a principal reason
for substitution of the natural landscapes of forest, forest-steppe and steppe by
secondary steppes and thorny valleys, climate aridization and partial desertifi-
cation of the area.

VK 551

O TIPUYMHAX APUJM3ACHU KIIMMATA W OIIYCTBIBAHMA HOPCKOI'O
IUIOCKOTI'OPUSL./ Ixxanenunze  3.U./.C6.Tpynoe  Hucturyra  I'mapoMeTeoposnoruu
I'py3un. —2008. — 1.115. — c. 51-56. — ['py3.; Pes. I'py3., Anr.,Pyc.

Ha ocHoBe ananmu3a naneoreorpaduyeckux, re000TAaHUYECKUX M apXEOJIOrH-
YECKUX JAHHBIX BBISCHIETCS, YTO AHTPOINOTrCHHAS MOAM(DUKAIUS JICCHBIX,
JIECOCTEITHBIX U CTEMHBIX JaHImahpToB MopcKoro miocKorophksi Hayanach Ha
3ape OpomzoBoit osmoxu (6000-7000 mer Hazam). Xo3AHWCTBEHHAS
JeSTEIbHOCTh YeJIOBeKa CTAHOBUTHCS MOIIHBIM (DaKTOpOM MOAM(HUKALIUH
JIECHBIX W JIECOCTEIHBIX JAHAMA(TOB appHUIU3aliy KIMMaTa U Pa3BUTHH
IIPOUECCOB BTOPUYHOI'O OCTCIIHCHU A, a MECTAMU U OITyCTbIHUBAHUA
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J0RAE(MIIBHIMBHCIRIBO0L 06LBH0BIBOL dE()3Id0, BHMIO Ne115
TRANSACTIONS OF THE GEORGIAN INSTITUTE OF HYDROMETEOROLOGY, VOL.115
TPYJIbl HHCTUTYTA FT'HIPOMETEOPOJIOTUU T'PY3UHU, TOM Ne 115

Tasapmrkunaosze K.A. L Amupanaweunu A.I. 2
Hnemumym eeoepagpuu um. Baxywmu Bazpamuonu, I py3us
Hnemumym eeopusuxu um. M. Hooua, I pysus
YK 551.582

OXKUJAEMBIE UBMEHEHUSA TEMIIEPATYPbI BO3IYXA
BI'. TBUJINCH

Beenenne

B mocnenuue roabl B CBSA3U C POCTOM WHIYCTPHAIBHOTO 3arps3HEHUS] BHEII -
Hel cpeibl 0CO0YI0 aKTyalbHOCTh MPUOOPETH MPOOJIEMBI BIMSIHUS 3TUX 3arpsizHe-
HUHA KaK Ha M3MEHEHHE IJI00aIbHOr0, PETHOHAIBHOTO M JIOKAJIBHOTO KJIMMara B
LeJIOM, TaK M Ha W3MEHYMBOCTb OTJAENBHBIX KIMMAaTOOOpa3yroUIuX (HaKTOpOB.
Ocoboe 3Ha4yeHHe 3Ta 3Ta npobieMa mpuodpena B Hamei crpane. g I'pysun,
UMeIoIIel HeOOBUIYI0 TEPPUTOPUIO, Ha KOTOPOH MOXHO BCTPETHTH IIOYTH BCE
BUJIBI KJINMATOB — OT BJIAXKHBIX CYOTPOIMKOB C BBICOKUM TEMIIEPaTypHBIM (OHOM
MpHY U30BITOYHON YBJIQ)KHEHHOCTH JIO XOJIOJHOTO KJIMMAaTa 30HbI BEYHBIX CHETOB U
JICTHUKOB, BECbMa CYIIECTBECHHBI HE TOJBKO PErHOHaNbHbIE 3(PPEKTH U3MECHEHHS
KIMMaTa, HO B 3QQEKTH JOKaIbHOTO MacimTaba (roposa, OKPECTHOCTH KPYITHBIX
HCTOYHHKOB SMHUCCHH 3arpsi3HECHUIA aTMOC(EpBI U 1Ip. ).

YuuteiBag ykazaHHoe, B 1996 romy Obutn HadaThl M MPOJOJDKAIOTCS MO cer
JCHb HII/IpOKOMaCLHTa6HI)Ie HCCIICIOBAaHUA COBPEMEHHOI'0O HW3MCHCHHSA KIMMaTa
I'py3un. B nepByto ouepens Obljia MPOBECHAa HHBEHTAPHU3ANKS TAPHUKOBBIX Ta30B
B I'py3un, wu3ydeHbl IPOCTPAHCTBEHHO-BPEMEHHBIE BapUalUM IIOJIEH TemIepa-
TYpPBI, OCaJKOB, O00JaYHOCTH, a3PO30JILHOTO 3arps3HEHUs] BO3JyXa, MOBEPXHOCT-
HOTO TIOKPOBA U JPYTHX KIMMAaTOOOpasyoIux napameTpos [1,4].

B nacrosmeii pabore mpeAnpuHsITA TONBITKA MPOBEACHHUS OLCHKH OXHIae-
MBIX U3MEHEHNH TeMIlepaTypbl Bo3yxa B TOwmmcH.

Metoauka

PacmoTpeno nBa Merona nporHo3upoBanusi. [lepBoiii MeTo1 3aKI04aeTCs B
MPOTHO3UPOBAaHUN KPUBOW POCTa TEMIEPATyPhl BO3yXa U €€ JOBEPUTEIbHBIX HH-
tepBasios [2,5]. Cyts BTOporo MeToa omnucana B [4].

B paboTe uCIoNb30BaHbl CIEAYIOINE CTATUCTHYECKHUE MapaMeTpbl (C COOT-
BETCTBYIOIIMMHU 0003HaueHHsMK): Mean — cpemnee, Max — makcumym, Min —
MuUHUMYM, Interv — Bapuanmonueiit pasmax, Median — meunana, Mode — mona, St
Dev — crannapTtHoe OTKIOHEHHE, O — CTaHIapTHas omunoOka cpexHero, C, — Ko-
a¢punment Bapuaunu (%), As— koappunuent acummerpun, K — koadpunnent
akcnecca, Count — gmcio cirydaes, R - koadunuenT nuHelHo# koppensauu, R -
k03¢ ¢unneHt panrosoil kopemsiunu CrmpmsHa, Ry - koaddunment panrosoi
kopemsiiiun - Kenmpina, R, - koaddunuent aproxoppensauuu ¢ garom 1 rom, Kgy -
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kputepuii JlapOuna-YoTcoHa, o - ypOBEHb 3HAYMMOCTH, T — CpPEeIHEr010Bast TEM-
neparypa Bo3yxa.

JoBepurenbHeiii wHTepBan mans cpeagHero - CONF, a taxke ero HIDKHUIA
CONF_ u Bepxuuit CONF( ypoBHH ¢ 3a1aHHOM BEpOSITHOCTHIO OTIPEACIISUINCH KakK
0e3 ydera, Tak M C YU4ETOM aBTOKOPPEILIIIUH B psimax HaOmroneHmid. B mocnenaem
cirydae IS JOBEPUTENFHOTO MHTEPBajia BBOAMIACH TIOMPaBKa Ha 3HAYCHUE KOA(-
(umnmenTa aBToxoppersnuu ¢ garom L = 1 rox.

PesyabTarhl
IlepBrblii MeTOA.
B T1abn.1 mpexncraBieHBl CTAaTUCTHYECKHE XapPaKTCPUCTUKH TEMIIEPATYPHI
Bo3ayxa B Toumucu B mepuop ¢ 1906 mo 2006 rr.

Tab6muma 1
ITapametp | 3Hauenue | [lapamerp | 3HaueHue [TapameTtp 3HaueHue
Mean 13,0 K 0,43 99%(+/-) CONF 0,17
Min 11,1 Count 101 99% CONF_ 12,83
Max 14,8 R 0,35 99% CONFy 13,18
Interv 37 | aamr | o001 | SWCHCONF 0
c yuetoM R,
Median 13,0 Ry 0,24 99% CONFL ¢ | 15 79
yueroM R,
Mode 132 | qwmRe | 00005 | S9NCONFuc | g5,
yuerom R,

St Dev 0,68 R 0,34 Kaw 1,8
Om 0,07 o s R 0,0006 o st Ky 0,05
Cv (%) 5,2 R, 0,21 a 0,00817
A -0,10 o s R, 0,05 b 12,6

Kak crmemgyer m3 Tabn.l TtemmeparypHBId psx B TOwnncH HecmydaiHBIH
(xoadunmentst R, Ry u Ry 3Ha4nMO BbIllle MpelebHBIX 3HAYCHHI) U aBTOKOP-
penvpoBad (kodpdunueHtT R, TakKe 3HAYMMO BBINIE MPEAETbHBIX 3HAUEHH).
Tpena TemnepaTypbl BO3IyXa yIOBICTBOPUTEIFHO ONMHICHIBACTCS JTHHEHHBIM ypaB-
HeHHneM (kputepuii Ky, MMeeT COOTBETCTBYIOIIEe 3HaUEHHE) ¢ KO3 PUIIEHTAMH
perpeccun a u b.

Hcxoas U3 yKa3aHHOTO B COOTBETCTBHE C [2,5] MojydeHa MPOrHOCTHYECKAs
Mojenb JuHeHoro pocta T u ee 99% n0BepUTENBHOrO MHTEpBAla B MEPUOJ C
2007 mo 2055 rr. (puc.l). B 1abn.2 npencraBieHsl NPOrHOCTUYECKHE BETMYMHBI
cpeaneil T u 99% 3HaueHUs ee HIKHEro U BepxHero yposHer ¢ 2007 mo 2055 rr
O NATUIETHUM HHTepBanaM. OTMETHM, 4TO 3HAYECHUS

99% CONF_ wu 99% CONFy kak 6e3 yuera, Tak u ¢ yuetom R, (Tabm.l)
MOMaJaroT B AWANa30H TEX € 3HAUCHUH JTOBEPUTEIBbHBIX I'PAHUII, NIPEACTAaBIICH-
HBIX B Ta0M.2.
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TpeHA cpeaAHeronoBon TemnepaTtypbl Bo3gyxa B Téunucu

—e— PeanbHble AaHHble Tpenn

—— 99% BepXx. yp. —— 99% HWXH. yp.

Temneparypa

1 11 21 31 41 51 61 71 81 91 101 111121131 141

Homep rona

Puc. 1. Tpenn cpemneromoBoii TemnepaTypsl Bo3ayxa B Tommmcu. 1906-2006 -
peansHble qaHHbIe. 2007 - 2055 - 3KCcTpamonAIus Mo pacuyeTaM TpeHaa
B 1906-2006 rT.

Tabmuma 2
Ton 99% T 99% Ton 99% T 99%
CONF_ CONFy CONF_ CONFy

2010 11,8 13,4 15,1 2035 12,0 13,7 15,3
2015 11,8 13,5 15,2 2040 12,0 13,7 15,4
2020 119 13,5 15,2 2045 12,0 13,7 154
2025 119 13,6 15,3 2050 12,1 13,8 155
2030 119 13,6 15,3 2055 12,1 13,8 155

Bropoii metop.

C 1enpi0 JOJITOBPEMEHHOTO (KJIMMAaTHYECKOT0) MPOTHO3UPOBAHUS TeMIIepa-
TypHsl B pabote [4] O6buta MpeacTaBiIeHa cXeMa, B OCHOBE KOTOPOH OBIJIO pasioxe-
HHE CIIy4ailHO# (YyHKI[MM B MHOIOMEPHOM MPOCTPAHCTBE HAa €CTECTBEHHBIE OPTO-
roHaJIbHBIE cocTaBisonie [3]. B kadecTBe mpumepa Ha OCHOBE JAHHBIX 3a Iie-
prox 1846 — 1985 ronoB (C 0OJHUM YaCTHBIM BEKTOPOM) OB CAETaH MPOTHO3 IS
CpeIHeroJoBEIX TeMneparyp Ha mepuoa 1986 — 1990 romoB u 3areM OBUIO MPOU3-
BE/ICHO CpaBHEHHE (PAKTHYECKHMX JAHHBIX C NpOrHOcTHUeCKMMHU. DakTHyeckne u
MPOTHO3UPYEMBIE TEMIIEPATYpPhl JUIl MPOTHOCTUYECKOTO IEPHoia IIPECTaBICHbI
Ha puc.2 (DakTUYECKHUE - CNIOWHAS JUHUS - U CIPOTHO3UPOBAHHBIC — NYHKMUP-
Has - 3HAYCHUs TeMnepaTypsl s Towmucu, ais nepuoaa 1986 — 1990 roxos).

B pabote [4] mporHo3upoBaHre OBIJIO MPOU3BEACHO HE IS CPEAHETOIOBBIX, a
JUIA OTIENBHBIX MECSIEB, a 3HAYCHHUS CPEIHETOJJOBBIX TeMIlepaTyp OBIIO paccum-
TAaHO OCPEIHEHHEM JAaHHBIX O TEMIIEpaType MPOTHO3UPYEeMbIX MecsreB. Ilorperm-
HOCTB B YIOMSHYTOW CTaThe OLICHEHA OCPEAHEHHEM IOTPEITHOCTEH MPOrHO3UpPYye-
MBIX MECAYHBIX TEMIIEpaTyp W OHa Koyebnercsa B mpenenax oT 9,4 mo 14,3%. B
J€HCTBUTENBHOCTH, €CIIM OIPaHUYMMCS MPOTHO3UPOBAHUEM TOJBKO CPEIHErO0f0-
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BBIX TEMIICPATyp, OHA 3HAYUTEIILHO MCHBIIC U B TCUCHUE MATHU JICT KOJICOJICTCS B
npenenax ot 0 go 6,9%. Hago oTMeTHTh, 9TO NMPOTHOCTHYECKAS CXeMa IIpeacKa-
3ajla TeHACHINIO NoTerieHus B 1989 rogy mo cpaBHEHHIO C MPEIBIAYIINM U TI0-
CIIEIYIOIIAM TOaMH.

Tewnepartrypa

1900 1920 1940 1960 1980 2000

I o 1 ..‘

Puc.2 Puc. 3

IIpyMeHUB 1 MPOrHO3UPOBAHMS BBINICYKA3aHHYIO CXEMY, MbI MONBITATHCh
YCTaHOBHUTH BEPOATHEHINYIO KapTHHY M3MEHEHHH Temmeparypsl s TOowmnmmcu Ha
nepuox no 2055 ropa. [Ipouecc mporHo3upoBaHusl MO BBIMICYIOMSHYTOH CXeMe
COCTOMT U3 TPEX ATanoB. [lepBblil ITal MpeycMaTpUBAET MPEACTABICHUE CPEIHE-
TOZIOBOTO, JWCKPETHOI'O TEMIIEPAaTypHOTO psiia 3a IMEpUOJ, MPEaIIeCTBYIOUTHHA
NPOTHO3UPYEMOMY, B BHUJIE TaKOil HENpPepbIBHON (YHKIHH, COTIACHO KOTOPOM
CpaBHEHHUE OINPEJIENIEHHBIX TEMIIEPATYPHBIX PS/IOB ¢ (PaKTHUECKMMH JAIOT MUHH-
MalbHyI0 aucrepcuio. Ha BTopoM 3Tame W3 yKa3aHHBIX (QYHKIUI JODKHA OBITH
nogo0paHa Takasi, KOTopasi B T€YCHHE MPOTHO3UPYEMOT0 MEPHOa COXpaHsIeT TeH-
JICHIIMIO M3MEHEeHMs Mpeaslaymiero nepruonaa. Ha TpeTtseMm 3Tame ¢ MOMOILIBIO BBI-
OpaHHON (YHKIIMH JOJDKHBI OBITH OIPE/IEIeHbl HANBEPOSITHEHIIINE 3HAYCHUS OXKH-
JlaeMoH TeMnepaTypsl Ul IPOTHO3UPYEMOro NEPUOJIa.

Jlerko moragartecsi, 4TO BTOPOHM 3Tall HCKIIOYAE€T BO3MOXKHOCTb YCIELIHOTO
MPOTHO3UPOBaHMS B TOM CIIy4ae, Korja npoiecc (GOpMUPOBAHUS TEMIIEPATYPHOTO
HOJIS TIPETepIeBaeT pe3Knue M3MEHEHMs (HarpuMmep «sijaepHas 3MMay, YTO MOXKET
OBITH CIIEJICTBMEM TEPMOSICPHOH BOWHBI MEXIy TrocyaapcTBaMu). Takue
W3MEHEHHUS B TIPUPOJIE TPOUCXOIAT PEIKO, IIO3TOMY MBI CHHUTAEM, UTO B IpOIecce
TEKYIIETO TI00aTHHOTO MOTEIUICHHUS NPEII0KEeHHAs CXeMa MOXKET MPOTHO3HPO-
BaTh TEMIIEPATyPHOE MOJIe ¢ OOIBIION TOYHOCTHIO.

JlanHbpIe TemmepaTypHbBIX HabmomeHuil it TOwiwcH, KOTOpBIE MOXHO HC-
MOJIL30BAaTh ISl IPOTHO3UPOBaHMUS, CyIecTBYIOT ¢ 1846 roga. OgHako TeHISHITUS
HOTEINICHHUS OTMEYALTCs C IEBIATHCOTHIX To0B [4]. [ToaToMy, HCXOAs U3 BTOPOTrO
JTara MpOrHO3MPOBAHUS, UCTIONIB30BAINCH (hakTHUecKue naHHble 3a 1906 — 1995
rogsl. Jlanueie 3a 1996 — 2005 roms! MCHOAB30BaIMCh A CPABHEHUS CIIPOT-

60



HO3UPOBAHHBIX U (PAKTUUECKHUX JAHHBIX M OBUIO ITPOBEJCHO NMPOTHO3UPOBAHUE IS
JecSITIWIeTHUX TmeproaoB 1t 2006 — 2055 romos.

Hepsbiii 3Tan. Kputepuit monbopa (QyHKIMH TeMIIEpaTypHBIX PSAOB IS
MEepHo/ia, MPEANIECTBYIOIETO MPOTHO3UPYEMOMY, COCTOMT B CIEAYIOIIEM: OIpe-
JEIsIeTCs] TUCTIEPCHs TEMIICPaTYPHBIX PAJOB OTHOCHTENIBHO CPEIHETO apupMeTH-
YecKoro (CpemHss ronosas TeMieparypa B Towrcu B nepuon 1906 — 1995 romos
cocraBmsmia 12,93°C, a mucnepcus — 0,450); 3atem mogOupaercs Ta WM WHAs
(YHKIMS ¥ BBIYHMCISIETCS TUCIEPCHs PsiZia OTHOCHUTEIbHO BhIOpaHHOW (yHKuuMWY;
€CIIM JUcrepcHss BBIOpaHHOW (D)YHKIIMHM yMEHBILIAETCS OTHOCHUTENBHO IMCIEPCHUU
CpefHero apu(MeTHYecKoro, To Takas (YHKIHS YAOBIETBOPSET 00s3aTEILHOMY
(HO HE TOCTaTOYHOMY) YCIIOBHIO JUIS IPOTHO3UPOBAHHUSL.

W3 4ucna npoBepeHHbIX (YHKIMHA 00s3aTEIBHBIM IS TIEPBOTO 3Tana ycio-
BUSIM yJIOBJIETBOPSIFOT HECKOJIBKO M3 HHX. [IpuBenéM mx B MOpPSAAKE yMEHBIICHUS
3HAYEHHS ANUCIIEPCUH.

1. JluneitHas pyHKUOUSA
T=X,+X:N 1)
3nech n Hke Be3zae N — mocneioBaTenbHBIA MepecyEr To10B, a X; - M-
MUPUIECKUAN KO UIICHT.

[Mocne onpeneneHus BXxoasmux B ypaBHeHue (1) smnupuueckux kod¢punm-
eHToB (X, = 12,634; X; = 0,0066), ObUIM BBIYMCIICHBI TEMIIEPATYPHBIH PSII U COOT-
BETCTBYIOIIAS TUCTICPCHSL.

Okazanoch, 4to (opmyna (1) yMeHbIIaeT IUCIEPCHIO, MO CPAaBHEHHIO CO
cpenHeit apupmerndeckoi, Ha 3,3%.

2. TlosuHOM BTOPOH CTEHECHU
2 .
T=Z XN 2
i=0

3HaYCHUS SMITUPUICCKUX KOA(P(OUIMEHTOB, BXoaamux B Gopmyny (2), cie-
nyromme: X, =12,496; X; = 0,0156; X, =-9,924 - 10”°. CornacHo BBIYHCICHHBIM
no ¢opmyne (2) pesynpTaraM, 3Ha4E€HHE IUCIIEPCHH 110 CPABHEHHIO CO CpemHEH
apu(MeTHyecKoii, ymeHblaercs Ha 3,72%.

3. TlonuHOM TpeThel cTemneHu
3 N
T=X Xi NI (3)
i=0

3HaYCHUS SMIHPUYCCKUX Kod(pduumeHToB: X, =12,274; X; = 0,0441; X; =
-8,786 - 10 X3 = 5709 - 10°. Jlaunas (dopMysa yMEHBIIIAET JUCIIEPCUIO Ha
4,44%.

4. Tlepmoanueckast GyHKIUS
T = A Sin(2nN/L + F). 4

rae A — ammurtyna, L — mmHa nonHoro meprona, F — HawanpHas daza. A, L

n F onpeneneHbl uTepaliMOHHBIM MyTEM, WX 3HA4YeHHUS COOTBeTCTBeHHO 0,28° C,
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23,68 ner, 290°. Berunciiennas no ¢opmyie (4) aucnepcusi TeMIepaTypHoro psijia
MEHbIIIE cpeqHel apudmeTndeckoit Ha 4,45%.
5. IlonuHOM 4ETBEPTON CTENEHU
4
T=X XN (5)
i=0
3HadyeHNs SMIHUPHUECKUX KoddduumeHToB: X, =12,360; X; = 0,0260; X, =
7,600 - 10 X3 =-9,383 - 10°, X, = 8,292 - 10® JJanmas dopmyna ymenpmaer
muctiepcnto Ha 4,51%.
6.IToxmHOM MIs1TOI CTENeHN
5
T=3% XN (6)
i=0
[TonuHOM MNATOH CTeneHH, sMIupH4Yeckue KOod(PGHUUUEHTBI KOTOpOro: X,
12,213; X; = 0,0711; X, =10,339 - 107 X3=18,920 - 10°; X, =-1,132 - 10%; X
5,342 - 10'9, yMEHbILIAET AucnepcHro Ha 4,68%.
7.IlonvHOM IIECTOHW CTENeHW, YMEHBIIAET AWCIIEPCHIO OosbIle YeM Bce

OCTaJIbHBIC
6 .
T=% XN @)
i=0
M 3HAYCHUS ero s3Mmupudeckux kodddurmenron: X,=11,674; X; = 0,295; X, = -
0,0272; X3 =1,120-103 X, =-2,224 - 10°; X5=2,089 - 107; Xg=-7,458 - 10

OHa yMeHbIIIaeT Jucrepcuio Ha 6,33%.

Bapuauuu cpenneronoBoii Temneparypsl B TOwmucu B nepuon 1906 — 1995
roZioB HauboJjiee TOYHO TPEJICTABISACT TIOJMHOM IIECTOH CTENeHH C
MPe/ICTaBICHHBIMY BhIlIe Kod(pdunuentamMu. [lommHOMEI ke OoJiee BBICOKHX CTe-
MIeHEeH, 10 CPaBHEHMIO CO CPEJHMM apH(METHUECKHM, BBI3BIBAIOT PE3KHH pOCT
mucniepcun. Takum 00pa3oM, Bce pacCMOTPEHHbIE BBINE (DYHKIWH MPUHIUIH-
QIFHO BO3MOXKHO HCIIOJIB30BATH ISl IPOTHO3MPOBAHUSA, €CII OHHU YIOBJIETBODPST
YCIIOBHUSIM BTOPOTO 3Tara.

Bropoii atan. Kak 6bu10 0TME4€HO, BTOPOI IEPHOJL JOJIKEH OINPEAEINTD, Ka-
Kasi U3 BbIOpAaHHBIX (DYHKIMI M HACKOJBKO MOBTOPSET TY TCHACHIMIO N3MEHEHHUs
TEeMIIepaTyphbl, 4TO OBIIa XapaKTepHA JUIA MEPHOAa, MPEAMIECTBOBABIIEMY POTHO-
3upyemomy. [lepuos 10 nporHosa, UM CpeIHHM roI0BON TeMIepaTypHBI psi 3a
nepuog 1906 — 1995 rr., XxapakTepeH MOCTEIIEHHBIM POCTOM, PUMEPHO B TIpelie-
nax 0,007% exerogHo. OmHOBpeMEHHO ¢ pocToM T HaOMI0JaeTCsl HE3HAYUTEIb-
HBI POCT CTaHAAPTHOTO OTKJIOHEHWA. {71 yCTaHOBIEHUWS TOTO, HACKOJBKO BEI-
OpaHHBIE (YHKIIMHM COXPAHSIOT OTMEYEHHBIE TEHJICHIMH B IIPOTHO3UPYEMBIH Ie-
puon, HeoObxoauMo ycTaHosieHue Buja 3Tux Gpynkuuit ¢ N =91 no N = 150.

IIpoBepka mokasana, 4YTO B IPOTHOZUPYEMBIH NEPUOJ] MOJMHOMBI BTOPOH U
LIECTON CTENEeHe! MpeTeprneBaoT 3HAYUTEIbHOE YMEHBIICHUE, T.. OHU HE MOTYT
OBITH OCHOBOM NpPOrHO3HOW (yHKIMH. [IOMMHOMBI TpeTbel, 4eTBEPTOH M MATON
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CTENEeHEHl B MPOTHO3UPYEMBII NEPHOJ COXPAHSIOT TeHAEHIUIO pocTa. ViHTeHCHB-
HOCTh POCTa TIOJICKUT peryiaupoBke. OIHAKO OHHM 00JaJalOT OYEHb OONBIIHM
CTaHAAPTHBIM OTKJIOHEHHEM, BCIECACTBUE YETO MX HMCIHOIB30BAHUE UIS TPOTHO3H-
pOBaHMS NPAaKTHIECKH HEBO3MOXHO. HecMOTps Ha 3TO MBI CUMTaEM, YTO HX NPaK-
TUYECKOE TIPUMEHEHHE PHHECET OMPENeNEHHYIO O3y B OMPENeNEHHbBIX chepax
UCCIEZIOBaHNS aTMOC(EPHBIX IIPOIECCOB, MO3TOMY HEOOXOAMMO MOIHOCTHIO
NPEACTaBUTh 3HAUCHHUS HEOOXOIMMBIX MapaMeTPOB, HEOOXOAWMBIX OISl HX HC-
MOJIb30BAHUSL.

Yro jxe KacaeTcsi JTUHEHHBIX M NEPHONUYECKHX (DYHKLMI, OHU IMOJIHOCTBHIO
OTBEYAIOT MPUHIMIAM NPEALISCTBYIOIIET0 MEpUoaa, HO HE Jal0T BO3MOXKHOCTH
MPOTHO3UPOBaHUS THcCIiepcHH. J{J1s IPOrHO3UPOBAaHUS AUCIIEPCUU MBI IPUOETIIH K
CIeyIoNIeMy Crocooy.

OT axTHIecKuX 3HAUYCHHUH CPEeTHETOOBEIX TeMiepatyp 3a 1906 — 1995 romsr
BBIWIN 3HAYCHUS, IToydeHHbIe 10 hopmyinam (1) u (4). [lomydeHHBIE PSIIBI, KOTO-
pbIe MpEeCTaBICHBl HA PUC. 3 M MOKA3bIBAIOT M3MEHEHUs CTaHIAPTHBIX OTKIIOHE-
HUH Temrmeparypsl Bo3ayxa B TOwmmcu 3a nepuon 1906 — 1995 rr mo nmecstuier-
HUM niepuogaM (1 — dakrtrueckas nucnepcus, 2 — cpeqHss ASCATWICTHUX TIEPHO-
JIOB, 3 — CTaHZAPTHOE OTKJIOHCHHE) ONPECISIOT €KETOHbIE BapHallH TeMIIepa-
Typbl 0€3 TeHICHLIUH NOTETICHHS U HIUKIMYHOCTH. IMEHHO MOJTy4eHHbIH psi naét
BEJIMUMHY CTaHJIAPTHOTO OTKJIOHEHUS M MOATOMY MBI MONBITAJIUCH M3YYUTH €r0
M3MEHEHHS 32 JJaHHbII MepUOI.

Ecnu mpousBecTH JHMHEHHYIO allpOKCUMALMIO MPEJCTABICHHBIX Ha pHC.3
Bapualuii, To BeIpaXXEHHE M3MEHEHUI CTaHAapTHBIX OTKIOHeHHH 3a 1906 — 1995
TOJIbl IPUMET CIICAYIOIIUHA BUI:

D =0,491 +0,0223 n (8)

C wucnonp3oBanueM ¢Gopmynsl (8) Ha pric.3 TMPOBEICHBI TPAHMIBI AHATa30HA
CPEIHUX W CTAHIAPTHBIX OTKIOHEHHUH ISl AECATUICTHHUX neprnooB. OHU TOKa3bl-
BAIOT, YTO M3MEHEHHUS TEMIIEPAaTYPHOTO II0JISI COIPOBOKAAIOTCS HE3HAUNTEIBHBIM
POCTOM JMCIIEPCHH.

Takum 00pa3zoM, U3 BBIOpaHHBIX HA MEPBOM dTane (GyHKIHMH IPOTHO3HPOBA-
HHS TEMIIEPaTypbl, HAWIIYUIIHHA Pe3yJbTaT MOXKHO OXHaath mo ¢opmynam (1) u
(4).

Hayo oTMeTuTh, 4T0 X OJHOBPEMEHHOE MPUMEHEHHE BO3MOXKHO C MPUMEHE-
HHEM METO/[a CYNEepIO3UIHH, a Ul MPOTHO3UPOBaHHS CYNEPHO3UIHU [eJec000-
pasHo ucnob3oBanue Gopmydsl (8).

Tpernii aTan. ®opmysst (1) u (4) AarOT U3MEHEHHE TeMIepaTypbl 6e3 muc-
nepcur. M3MeHeHHs] TeMIepaTypHOro MoJjisi, BBIYUCICHHbIE 3a nepuon 1906 —
2055 rr no ykazaHHbBIM (opmynam Oe3 yuéra AMCIEpPCHH, NPUHUMAET BHI, MPEa-
CTaBJICHHBIH Ha puc. 4. YUér oXKugaeMol BETMYMHBI JUCIIEPCHH BO3MOXEH C UC-
nosnb3oBaHueM Qopmyisl (8). OnHako MBI cunTaeM Ooliee 11e1ecoo0pasHbIM Ipes-
CTaBJIEHUE KJIIMMATHYECKUX IPOTHO30B I10 JECSATUIETHUM NEpHOaM, BEPOSTHOCTh
OIIPaBIBIBAEMOCTH KOTOPBIX 3HAUUTEIHHO BBIIIE, YEM Y €KETOIHBIX.
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Kak npenmiecTByronmii, Tak ¥ MNPOTHO3UPYEMBII MEPUOJ MBI Pa3Aeimid Ha
JIECATHIICTHHE MEPUOABI, Ul KOKIOTO0 M3 JECATHUICTHUX OTPE3KOB OIPEACIUIN
Kak (hakTHYecKue, TaK U BBIUYMCICHHBIE M0 (popMynaM 3HaUCHHUSI U COOTBETCTBYIO-
IIMe CTaHJapTHBIC OTKIOHEHUs. M3MEeHeHMs: TeMieparypsl 1O ACCATUICTHAM Iie-
pronam i Toumucu 3a 1906-2055 roasl npeacTaBnenst Ha puc. 5 (1 — dakruue-
CKasi, 2 — BBIYHCIICHHBIC 10 JIMHEWHOH (1) n mepuogmueckoit (4) hopmymam, 3 —
CTaHJAPTHBIC OTKIOHEHWS).

Kak BUIHO U3 puc. 4, MAKCUMAaJIbHOE OTKJIIOHEHHUE IO ACCATHICTHUM IMEPHO-
JaM Mexay (GaKTHYeCKUMH M BEIYHUCICHHBIMU TeMIIepaTypaMH 0TMeqanoch B 1985
— 1995 rr 1 ono cocraBuio 0,4°C, uto cocraBnseT 3% OT cpeaHel TeMrepaTypsl B
YKa3aHHbIH NEPHUO/I.

B reuenue nocneaytomux 50 ger B TOMIMCH 0XKHIAFOTCS CIIEAYIONIME 3HAYE-
HUS CPEHUX IO JECATUIETHSAM TeMIepaTypsl Bozayxa: 2006-2015 rr. — 13,52°C,
2016-2025 rr. — 13,23 °C, 2026-2035 rr. — 13,53 °C, 2036-2045 rr. — 13,54 °C,
2046-2055 rr. — 13,45 °C. OT™MeTHM, 4TO MPOTHOCTHYECKHE 3HaueHuil T, momy-
YEHHBIH C MCIO0JIb30BAHUEM BTOPOTO METO/Ia, MONAJAl0T & JOBEPUTEIbHBIA UHTEP-
Bay Juisi T, pacCUNTaHHBIH 10 IEPBOMY METOLY.

3aka04eHue
JIJ1 OIIeHKM 0’KHMAAEeMBIX U3MEHEHUH TeMIlepaTypsl Bo3ayxa B Tommmcu 66110
HCIOJB30BAHO JIBA IIPOTHOCTMYECKHUX MeEToJa. 1 — KIACCUYECKUM MeTox

MIPOTHO3MPOBAHNU KPUBOW POCTa TEMIIEPATYpHI BO3yXa U €€ JOBEPHUTENbHBIX HH-
TEPBAJIOB. 2 — MPEAJIOKESHHBIA HEPBEIM aBTOPOM JTAHHOH pabOTHI METO[, OIyOIH-
KOBaHHBIH paHee B [4].

B cootBeTcTBHE € MEPBBEIM METOAOM HIDKHHH YpoBeHb 99%-T0 HOBEpUTEIH-
Horo unrepBana Juig T ¢ 2006 r. mo 2055 r. mensercs ot 11,8 °C no 12,1 °C, a
BepxHHUH ypoBeHb — oT 13,4°C no 15,5 °C. B cooTBeTCTBHE CO BTOPBIM METOAOM B
TeueHne nocneayronmx 50 net camas Huzkas temneparypa (13,23 °C) oxunnaercs
B niepuog 2016 — 2025 rr. , a camas Bbicokas - B 2036-2045 rr. - 13,54 °C. O6a
MeETOJa AOMONIHAT ApyT Apyra. 1o kpaifHeil Mepe nepBblil MOXKHO HCIOIb30BaTh
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JUIl KOHTpOJIs BTOporo. IIpenMyiecTBOM BTOPOro METOAA SBISETCA TO, YTO B
TPEH/Ie TEMIIEPATYPhl OH MO3BOJIAET IPOTHO3MPOBATH €€ KOIcOaHus.
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4ggeobg sy s yggmoby IgBoe smdmds sbodbymos do@sg
2569098 do. Amam®  3s@spmJbygmopsi3 o® Ybws y39h39bgdmogl,
0, Looi sbm®m3magby®o gsd@m@o dobodydsdwgs aygsboano.
0g9olbdgds o3 20bggdby 2obggbogo GgBo@mmogdol wogliob-
e gommds  ©o, 5Jgob godmdeobodyg Y@HdobobFmo 3BmEgLgdol
3obLognm@gdgemo Lodzodgy;

503065 0bMEgds sliogemgmowsb sedmbisgagmols dods@mygen gdom.
dopomoms, dModsbgmols 396dymgdbbyg ogarolols gd3g@o@y@oed 1-
1.59C-0m dm085@ s, Goododby o 69C-0m;

sOLgdomoE smdmds >@0bodbgds bodms@mdo. my osbg@mols F9d3g-
5@ YOS dMo@Rsbgmdo 20C—om s0f0s, dgbsdsdobs@ 0sgy@osdo 120C.
‘99306909905 ©OY-@IPA0, aoblogym@gdomn jo Feoyg@o sd3@no-
AU, gl ggoboligbgemo  dzoMegds giogglbo mgol — osbgmols
B993905@ M0l IoBgdols godm, bmem Emg-sdydo sd3mo@ s —
modol {g9d3g@o@@ol Imds@gdsbmsb @sjzogd0Mgdom;

smdmbdol 3gdompTo yggems Fgeo IMsgoeTanoyg® bem®dsby mdbdogno
o o@ol, bdo@os, Gmegbsig dgbmdgmo Fengdol §9d3g@s@y@gdls
©oEo 3mb@Msl@gdo sbolinomgdm. dspsmomsw, 39Bgmdydado 1949
Feools 05bg®ol mggdo swobodbs -2.20C, bogoem 1950 §geols -13.90C,
ob gowgg 1965 {genls (-5.3°C), 3o dmdwyggbm el jo (-14.9°C) [10];
hogm  bobggedlgg@mbsmgols  dgoagboamo  sb@oogmmbgdols
3oGomyosb, MmIgmoi Jmozsgl momgdols dogan XX Laygggbgl,
hobl, Mmd wgms  Goigbgo sbGoEogmmmbgdom (podws do@mgbiols
Dbwgobs) yzgmaeb dgdEoms, aoblsggm@gdomn sbm@ols dslodydols
@50mbdo,  gg@m3ol  hOwoammgmom s  sbsgamgm  (303do@ols
LodbGgmom.  Lodogog@me  goobosdes 3ogermbgdols  @oibgo,
Omd@gdds  GMogddmdogdo  dgoagemgl. o9 obobo  gfob
Lgobobogools aogmom  0d@gdmebgb (396G y®  9g3@m3sTo  ©o
dob  o@dmlogmgmom s, 0ds5390GOMYmsE, aobogLobgh  G@sbl-
Qm@dsgosl, sbars olobo Jo@Esdod gHGgEwgdosh >mbodbyan
BgoBmmogdsdwoyg [9].

XX boggybol dmgoem m@o sofmgygmo, asbbsgym@gdomn go 1991-
2000 §engdo, asdmo@bgmes gJbB®gdsmyg@oe domsmo @ 9d3gGod -
Ggdom, GMIgEoE 3o ©o03300390m©s hdwomm bobgge®ligggdmdo
bygan gm@s 20 Loygnbol dobdognby.

Jmodsol  pEmdsmydo  ggmomgdol  Geobby, o gy

G9a0mbgddo, dsm Ym@ol  goggoliosdoz, gg@Mdme, o LsJs@mggenmdo,
500b0dbgds  3@ods@ o goMosi30g9d0,  MologgodMggmos oM 339700
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3009JB0g9d0m, @MImgdoE  yobdodmdgdymos  LoJo@mggeml  gobo-
39D-390Ma00R80@0  mog30lgdy@mgdgboms s, oaMgmgg, odgedse, of
>0 lgdgemo bmEosaym-g3mbmdogydo dommdgdom.

bododmggermdo  s@Lgomdl  garods@ol, Gmam®iG  msobsdgommgg,
sbggg obBmGogmo, asblsggmdgdom go dsggmgeods@ol dglfsgeols
0P AASE030900. gl mgdsBogs dgEsd ogm gobyd@o dsa®s@ombols
390500l 0bLBoG YL Lodgbog®m 3350939000 9JOM-gH00
Q9bsdgbBgdo  Jods®myegds. ol Lfsgarmdwbgh  asdmhigboano
393609900 .30 dsbos, @.ds@yysdgomo, ©.F9Mgmgmo s Lbgobo. @i
‘dggbgdo AErmdo@a®o dolIBsdom geods@ols nobodgedmmgg
Bgeo@gdol IgbTogmsl gJb3gmodgb@ by woy@dbmdom, oo, goliyao
boggggbols 60-00bo  Fengdowsb o0fygds ©s doMomspsw  ggogdoMegds
5350. m. sgomsnsl Lobgaols [5].

dmam  3g@omedo Lodo®mggeoml  gemods@ols 0obsdgodmgg
(g0 gdolimsb s3ogdod@gdom s@s gAmo dmbmyMsxgos godm]ggybwos,
OmdgEmns dodoll  dgodangds  omdgol  Log@edm  dbodgbgenmdolss
3O gdBogdo bodhmdo — ,LoJo@mggaml doFolidods @9d3gds@gdoeo
ggeol  3gmomgdol  gddodogeo  dowpgao” (bgedd:  3GOme. g
nogotmoarsdg),  bosa  doMggmoe  aobolobwgds  @gaombogydo
geods@ols 3gemoggdols gddo@oygamo dmwpgmols sggdols dgmemeo [1].

sebobodbogos, @Gmd  yggms dmegals  msgobo  bsgawo ozl 0d
5095000 IboMggdbmsb gomow, @obmgolog hggh dom goggbgdm. Logdy
ol o@ol, OmI Jomgdo@ogydo Jmpgamodgdols Gmdomgds, gl s@ols
M53mpgbodg Lbgswslbgs Lobol gemdomgdoms xodo.  Jodggan  ymg-
goobs gl oMol mogo dmwgeols pmdoa gds, Gmdgemoz Lgds@ydow
sbobogl @gomy®  30Mmdgol, @oEash msgo 0bxgm@ds@os @ oMol
gmgeoolbdmdiggano. dogomomse 90-dwpg dg@gmamammaoyg@o Loy geols
dmbogdo, @bowos, Logdsmolo o@ s@ols oligmo @ogmo @geogrols
dJmbg  Jggyboliomgol, @mam@oi  lLojs@mggamms. Goms  mdds  gbos
Loligmggemo ogm 2-x90, 93909k dgdmbgggsdo 3-xgé dgpo dgdgm-
Lo @ol dmbsgdgdols godmygbgds; dgmdg- o@ s@ol gsdm@oibyao,
bmaogtho dgdmnbgggsdo, LoFyobo Jmbogdgdol s@osgdmygemmgbgds ©s
0533003900L dmgarg @ogo;  Igbsdg — godmygbgoygeo dgmmegdol ©s
3odmmgagdol bogargdo Lobyldyg.  Sdo@mdss, domgdgemo woliggbgdo
‘dgodgngds omJgol dbmarme dosbenmgdygmos Aoy Lydsmmsb.

Lbodotmggerml  Gg@modm@osdy s@OlLgdgaro  90-dpg  IgBgm@manm-
30900 boygdols dmbogdgdo dsg@oli Bgd3g@s@dg@dsby ogm ol 3o®-
g9eo©0  gd3oMoygao dslogs, Gmdmols MmdogdB®ds obogobds dglo-

dengoemmds  dmag3e  9933985Lgo0bs  LoJo®mggmmml  mg@dgemo  gganols

daogoPaoygdo 3gmomgds 2 3@o@gdogdon:
3odggeno: 1966-1995 o 1906-1935 {angdol Jsgdol  Fgddgds@g@ols

sbmdognosms  dm@ol s@lgdyao Lbgsmdgdom ATO:ATolges_lggs-AT01906_1935
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s dgmeg — Bgd3gMsd g  sbmdomosms  goMosiogdols  FOgogo
830mJbodsioom, @mdgaoi  Fgo  3g@omebsi  (1936-1965)  dmosgl.
b0 by 3M0BgMHoydgoby weydbmdom dgwggbogr odbs bsdm@obs
> bogbymol 396@Msmy@o mgggdol — osbg@olis ©s ogaoliols, (3030
XD s mdogoo (IV-X) 3gGomegdol, obggg bLodgogmm  Fanogo
$993905@ Mol Gy3z9d0 [1].

blgbgdygmo 93960l dgoagbolsl, hggh dog® domgdyeds, dgod-
g 0mJgols ,,d30dbmdos®g” aMs©s(3090ds, B39d0L Jmbsogydo by-
om0 35dMsge0bs, Mo 030l A geolbdmdl, GmId Lododmggaml Lbge-
slbgs Bg@o@dm@osby dog@ols Ggd3gasd ol d@sgomFmoyd (33wo0-
gl (y®.2) aoblbgoggoymo dods@mymgds ©s Lobdsdg goshboo,
gbowos @AMOl godyggye dmbsgggmdo, ggddme 1906-1995 Fangddo.
dobooggdmds 5@ bodbogl 9Fgldogmdsl. gl, goygme, @0l bsdoxo
Fabdogolsggb, go. d9bgddog 3GmEglgddo 3obmbbmdogmgdgdols @o-
39bolsggb.

3536500 $I3ISHSGSISOL B3202T2S 90 FE2OL 3563052%I
339870 1906 - 1995 Gemgdda $3939638 G0l
La3gamm Femogto 360336gmmdgdal Fhogagzo 3360 Jbodsgoomn

$9339Gs$gM0b ggeomgds
(°C/90 gamn)
<-0.3
A .03 -0 § S0°30%
Cd -01:01 J3wgwo
E o01+03
MM 03205 ¢ wsodmds
BEE >05

b2

bg9dmblgbgdygmo  dmboogydmds  Ybos  soblbsl  Loomgganml
3m03@0ds@dy@mdomn,  @o3  gobdo@mdgdymos  dobo  dpgdsMgmdom
bmdogHo o byd@@mm3oggmo  bmbgdols Lobwgedby, POwogmgmom
Eoosbamgdom 110038 - Lop@dol  3oggolombols  ddgnsgdo  dmosbo
Lol gdols dgbmdgnmdom S Lbgo 360dgbgermgsbo
30035 omdmdJdbgemo  goJ@mdgdol dmgao  Sbloddom, @®Igmms
Yo@ol  goblogymdgdymo @mao gbodgds dogo bwgol oggs@m@osl
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(440 soolo (;82) ©s, Gows mJds yYbws, @obol Jgol, @mIgelsi
Eobagmgm o sdmlsgmgm  LoJo@mggemlb  dmdol  geods@ygdo
»39R090G” Fgodargds gfmeeb.

3bmdogro  gemods@mmmaol —  d.gmadsbosl  gesliogogsiEoom
boJommggmmlb  Ggmodmcosty 20-bg  dgdo  Godol  gmods@os [2].
00mmggeo  domgobo  goblsggm@gdygae  @obedog@y@  bodsl  Jdbols,
Omd@ oo  0bogogom s Mgop0M9d9b  Jeods@ol  ;msbsdgodmgg
(330 gdoby (AEmdsmy®  s;mdmdoby), dommgol wodsbslosmgdgero
Lomdyg®o doansblols dgdggmdom.

Lomdygdo  dogsblols  dgdoygbgeno  3md3mbgbdgdol  Bog®
sbodxgmo Lomdm asbolsbwg®gds gmmdgmmon:

R=Lr+P+A (1)

bo@a(s: R — @opos@ogmo dogsblol Lbowowgs dmgeno Fanols
2obdoganmdsdo; Lr — 0dogg 3g@omedo  so@mJamgdshby @sbodxyao
Lomdm; P — @ycdgmgbd o bomdmiagms J3gngboe  bgosdodls s
5@Imbggdaml dm@ol; A - LomdmEges boswasp do.

09 ©og9dggom, @md A=0, dogomgom

R=Lr+pP )

BEMAS@ A0 SMdMdoll PAML, Amam® 3 obsgamgm, sliggg swdm-
Logangom  Lods®mggermTo, Gmgma dodTo, sbggg dmsdo, @mamag
Bbwgol Lobsdo®mby, obggg bdgamgmbg ©sdsGgdomo Lomdml @osmwg-
bemds gggmash mobsdodop doomgds. IsDobowsdyg agsdgl boggydggemo
30930JOmm, @md Ggd3gho@dgdol Egmomgdsl Gmyme i3 sedmbsgmgm,
slggg aboggmgm  badodmggermdo  basgbo  dods@myangds, 3g@dmo
bOPS, gbps sbolosmgdegl. dopa@sd Lfm@ge odol aodm, @Omd bg-
doblgbgoygmo Lomdy@o dogsblbols 3md3mbgb@gdo aoblsggm®gdgmaw
03009596 503Mdsbyg, swdmbsgamgm bods@mggermTo, bowsi Iddogo
bygoBam3oggemo  dogos, dog@ol  gomdmdbdoby dg@o Lomdm obotxgods,

306Gy  sm@mJagdsby (bogamgdo  sEIMLBgMgmo  bogngdgdol  godm).

5d0@dmdo, Bgd3gmed @l dgoxome asdmbs@ygmo do@gdols Bgbwgbzos
sbolosmgdl, goblsgygmegdom, Dbsdm@ol  3gMomedo  (ssbanmgdom

1.09C). 23050, smdmbogemgm LoJodmggemdo gamods@ol Egeomgds
9bobmbdos aamdomy® smdmdslmsb.
>mbobodbogos, Gmd mdoemolols mdlgMgo@m@os, OmIgaoi o>@dm-

Logangom bodstmggermdo yggansbg G93@09bgbBo@mo s odogg ©@ml

4390y a®dgaro  @ogolbddmby  IgBgmbswagdos (dgodagds  omgsls
dogae  3o33ob05d0z), oMo sbobogl bodm@mols (0sbgo®o), yobogby-

gools (s3Mogro), dgdmeymdols (mJ@mddgmo) sbggg Faogdo Fgddg@e-
AuOolb  Loygybgmddog  dlgangarmdodo  dgadhbgye  mogoligdy@gdgdls
(Ly@.3).
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@3 Jogdol Lodgogmm Fgddgmsdgols baygybgmddogo
Abgangarmds mdogrolido. s.00b35M0, 6. s3Mogo, 3. mJ@mddgdo, .
Feoydo
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Go3 dggbgds obsgmgm LoJommggemml, Lowsi bm@om Lyd@®m-
304990 dogods o Lomdy@o doesblols dgdmbogsao bofoaols (Fevo-
YO0 Go05(3090 dosblol) osbanmgdom 70% smdmJagdoby obe-

D7

Oxgds [11], mg@dyao @500l 3geogods dmgen Loggengg 3g@omodo
(1906-1995), ‘dgodengds omgsl, o@ dgobodbgds (Ly®d.2). oydas dobs

Dmpa0gtim bofomdo, dopsmoms, dogo begol bosbsdod®mm bmando o
3Obgool sdbmmmdol (396@Gsm® Goombgddo, G9d3g@s@@ols 3dbo-
d3bgrm  gemgdo 3o osmobodbgds, @olsi 530g90sL gg®  gyfmogdm
93390589@0L  bob@ol (-0.1-03°C) Lodgomol asdm, @og  3GodHo-
Jumoes 9dbodgbgmms. gy 9bws om0bodbml, MM yma. Lodkmms
3533060l sdemol gdwgy, Lododmggermdo 3b0dgbganmgboe dgdiEoc-
s> JgBgmlopaggdol @ogbgo. s@Lgdmdl  Logydggeo o0dobs, @m3
9430 J39d wopagl 03 8odgdogbmgsbo 9B gmlbspagdgool  gerods-
BUO0  3mbsi39dgdol  godaolosbmds, @mdmgdoi oby oy obg gobe-
3Mdmdgb g9bJiombo@gdsl.

39ma@sg0qmo 33eggol mgomlsbdolon Joygwgdgeos, Gmd gHmo
> 03039 3030l Jggbmbodo  obgrmBpgdemyg I R lLopagcgdds  (oy.
Lbodo®sd o Jymoolids) Bgdd3g@s@dy@ols geoggdols aoblibgsggdyemo
dodommygagds  ghggbmb, @oi  ggbgds  B9d3gasddol  (3geroggdols
LohJomgl, opo goygmo, 9dgdgl dgdmbgggsdo aoblbgeggdyemo  dgod-
gds ogml o dgbmdgan FgHgmboyndl dm@ol, Lbgowslbgs 8ogs-
M 3e00dsBH-mobIongG o J0Gmdgdol asdm.

smbobodbogos, @m3  geods@m@mpos Omame dgBgm@memaools,
sbgag agmaMsgoygm dgEbog@mgdoms gom-gAmo obodmobss.  ofgoseb
2odmdobstyg, 0go LAsEOLE0 M0 (g.0. 30Mggmoo gddodogeo) Iolo-
ol aodEs 04gbgdl agmadsgoygmo jgmggol Lbgowslbbgs dgmmogdls
— M3 gJlgdl, emyolzyal, LoghEmd®ogl, oldmmogeml oliggg obo-
eygdols s .9 boggarggo Lsgombol dglfsgmolol LYmége gggems
o3 dgompol  gomgomolfobgds  dglodggdamdsls  odanggs  dgdrgyo
sliggboli ao3gmgdols sbogemgm Lojo@mggeml jenods@ol (mg@dygemo
39e00l) @9bolRgbzos germdsgy@o smdmdbol d0doGm Lozdomo owos.
dgodengds  omdgol  0po  g@ods@ol aemds@mygd  (geromgdsby oM
09520090, o FoOmgdyemos oo agmydogol @.dsmysdgomols [8]
dolob@gdol  aobosdgds: gmebgmo  Fo@dmopagbl  9dggergl  ©o
Lom@@sp megolgdy® Ggagaodl Fodlbygmo g3mdgdol gam@obsmgol.
dodomso  goJBmdo  gmabgmdo  gdggamglbo geomdolbs ©s  gogbols
g0 JBgool gos®hgbsdo gobaasgm domdo sEIMbggm o boargdgdo
> Lgbmbgdol dobgogom mobsds®o wobgl@oobgds, @mdagdoi dbo-
3bgmmgbo 533009896 H7d3gAaOYGAY Gygzadl”. IgzmazeGoms  [3-
4,8] sbom gl Byg39d0 G53megbody a®syll >w§gg00696.

33>J3b boggdggmo  ©ogaliggbom, @md Lfm@ge  bydmblgbgdymds
003G y@ds 300mdgdds, GMdmgdoi wglbsE (dgodamgds omdgsl) ogo-
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395 3ob3300mds  Loggargg 3g@omedo  (1906-1995) wslogangm  Lodom-
0nggnl mg@dgeo Gg90dol dpg@owo Fmbslfm@mds, domydgdgl @mad
935boL3bgeo 100 Fanols  dobdoanbg  gepmdbdosgny@o  @gd3g@s@yeols
04935, 39Mdme 353 9ds, dbmame 0,749C-0s.

ROBIDOBI®S - REFERENCES — JIMTEPATYPA

1. mogodmjognsdg 3., gerobdedsdgoano g, Igdeedg .. gohbodg «
1999. Logdotmggerml  dofoldods @Ggd3g@s@ydgao  ggemol  (3g3e0o0-
gdols gddodogmo Jmpgaro.  mdoaolo, JoE®®mIgEgnamamyoy®o
0bbBo®PAHo. g 126

2. go@dobos 3. 1964. 330l Godgdo. LoJo@mgganmlb Lld. s@@slo. mdo-

gobo-dmbgmgo. 97-98 a3.

Bynpiko M.U. 1974. Usmenenns kaumata. — JI..I'mapomereonsaar, 159-188 c.

Byneiko M.U. 1971. Kmumar u xwu3Hb. JI..I'uapomereonsaar, c. 472

Hasuras ©.®. 1965. O BO3MOXXHOM BIMSHUH 3aIBUICHHOCTH aTMOC(epHl Ha

YMCHBIIICHNE JIETHUKOB W ToTeruieHne kimMmata.. // UzB. AH CCCP, cep.

reorpad, Ne2, 3-29 c.

6. 3nenex Kykam 1987. CkopocTh reosiorndecknux mpormeccoB. M., m3n. ,,Mup",
192 c.

7. Karan B.A. u ap. 1990. Peakius cuctembl OkeaH-ATMocdepa Ha BHEIIHHE
BozaeiictBus JI. ['mapomereonsnar c.4

8. Mapyamunu JL.U. 1991. I'py3ust B antponorene M3x. ,,Cakaprtseno"”, TO.
c.607

9. Meuiepckas A.B. u ap. 2001. CHuxeHre aHTHLIUKIOHUYHOCTH (POCT LIUKIIO-
HUYHOCTH) Ha ceBepe EBpasuu B cBsA3M C riio0anbHBIM MOTETIICHHEM KIUMaTa.
W3B.Poccuiickoii akageMuu HayK, cep. ['eorpad. Ne6 15-24 c.

10. Pyounmreiin E.C., [Tomo3osa JL.I'. 1966. CoBpemMeHHBIC N3MEHEHUS KIIMIMATA.
JI.T'unpomereonsnart, ¢.268

11. Myuxupunze .M. 1975. Bo3MOKHOCTb HCIIOJIL30BAHMSA MHIEKCA TypOYJIEHT-
HOTO TeruiooOMeHa HJisi OlEHKH KiIuMaTtuueckux ycioBuid. CO. HOKIaa0B
Cummnosuyma ['eorpaduueckoro ob6mectBa Coroza CCP. T6. Usn.
,,Merauepeba” 32-38 c.

ok w

Y53 551.58.583

LOASAMBZINML  MIGIIR0O  3IRNOL  G3RVOKRIBS  3RO3SBOL  dRM 3SR IM(O
RoM3M_OL B6BI./.Iydagnsdg ., gomdody b./. 380-b IOmdsms gHgoyeo -2008.-
®115-3. 66-75- Jom; M9b. Jodm., obyen., @b.

Oogmo  Ggmoggols s bbgs  3eods@fo®8md]dbgemo  goJdmmgdols
3o9m, Loggmrgg 3gMomedo (1906-1995) LoJodmggermlb  @g@odmmosbyg dsg@ols
(993905@ M0l IAsgomTanoydo  3gmomgds  aoblbgoggdymos. oy S@dm-
Logagm  Loo®mgganml mg@dygemo gganols 3geroggds 9bolmbdos  ganods@ols
05b5dgAmgg 33800 goslmsb (HMIgulsE aemdsmy®o smdmds gfmpgds ©s
gaobgdgmos  0.740C-00)  @obogmgm  Lodo@mggemml  mg@dgmo  @g70d0
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065Ghybgdl  dpadoe  [mbolfm®mdsl, by gEgmgmmdsl, @sbsg  Lojom-
nggeml  90-3pg IgBgmbsygdols dsg@mol  Hgddg@odydol  dmbszgdgdo  owo-
LR yegob.

UDC 551.58.583

CHANGING OF THERMAL FIELD OF GEORGIA AGAINST THE BACKGROUND OF GLOBAL
WARMING./.Mumladze D., Lomidze N./.Transactions of the Georgian Institute of
Hydrometeorology. -2008. - t.115. — p. 66-75. - Georg.; Summ. Georg.; Eng.; Russ.

Due to the coplexity of Georgia’s relief and other climatic factors, changes of air
temperature during the period (1906-1995) are different in west and east part of Georgia. If
in eastern part of Georgia change of thermal field is in unison with modern changes of
climate (known as global warming and is estimated by 0.74°C for 100 years), in western
Georgia thermal rejime remaind steady equilibrium e.g. unchanged for the humid climate,
which is proved by temperature data according to 90 meteorological stations of Georgia.

YK 551.58.583

VI3BMEHEHHE TEPMHYECKOTO TOJIsi TPY3UM HA ®OHE TJIOBAJIBHOTO TMOTEILIEHMS./
Mymnamze A.I'., Jlomunze H.H./. C6.TpynoB Nuctutyta I'mnpomereoponorun I'py3un. —
2008. — 1.115. — ¢. 66-75. — I'py3.; Pe3. I'pys., Anr.,Pyc.

N3-3a cnoxxHOTO penbeda u Ipyrux KIMMaTo00pas3yomux GakTopoB, B
uccinengyemom nepuoae (1906-1995) mHorosneTHne HU3MEHEHHA TemIlepa-
Typhl BO3AyXa Ha Tepputopuu ['py3um pasnuyHbl Uid ee 3amajHoil u
BocTouHOM vacteil. Tak, ecniu B BoctouHnoit ['py3un u3MeHEeHUE TEpMU-
YECKOro II0JII HAaXOAWTCA B YHHCOHE CO COBPEMEHHBIM H3MEHEHUEM
KIuMaTa (MIMEHYeMOM TI00ajIbHBIM ToTerienreM 1 oreHeHHbM B 0.740C
3a 100 ner), To B 3amagHoil ['py3mm u3-3a HCKIIOYUTEIHHO BIAXKHOTO
KJIMMaTa, TEPMUUECKUN PEXUM COXpPaHSAET yCTOMYMBOE paBHOBECHE, T.€.
HEU3MEHEH, 4YTO MOATBEP)KIAeTCsd AAHHBIMH IO TeMIeparype Bo3ayxa 90
MereoctaHuui ['py3um.
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3,ZZenapmame;Ltm eudpomemeoponoeuu HIJOC I'py3zuu

YK 551.58.583
BBIABJIEHHOE U NIPOT'HO3NPYEMOE UBMEHEHHUE KJIU-
MATA BTPY3UHU U EI'O BJIUAHUE HA DKOHOMUKY U ITPU-
POJHBIE DKOCUCTEMBI

IIpu Bemomuaernn Btoporo HarmonamsHOTo Coo0bmenus ['py3zun mo PKUK
JUIS BBIBJICHHSI M3MEHEHUs KIMMAaTHYECKHX 3JIEMEHTOB 3a IOCIEIHHE IOJBEKa
ObUTH BBIOpaHBI 3 NPHOPHUTETHBIX PETHOHA, OCOOCHHO YS3BHMBIX B OTHOIICHHUHU
3TOr0 M3MeHeHus (puc.l). g conocTaBiIeHusI N3MEHEHHS 3JIEMEHTOB BO BPEMEHHU
YCJIOBHO OBLIO BbIAENEHO Ba 16-neTHux nepuoaa: 1955-1970 rr., koraa aHTpOTMoO-
IFeHHOE BO3ACHCTBUE HA KIMMAT ellle He ObLI0 CTOJb ABHBIM, U 1990-2005 rr., KO-
rna, cornacHo BeiBogaMm IPCC, aTo Bo3aeiicTBUE yke MPOSIBUIOCH B MOJTHOM Mepe.
JlanHble 00 M3MEHEHUH OCPETHEHHOW CPEIHETOJIOBOM TeMIEepaTyphl BO3AyXa U
TOJIOBBIX CYMM OCaJIKOB 32 9TH IEepPHObI NPHBEJACHBI B Ta0i.1. 13 3T0i Tabumuib!
BHJIHO, YTO POCT TeMIeparypsl 3a mnocienHue 15-20 jer mpowmsomen BO Bcex
peruonax, nmpudeM B HauOOJbIIEH CTETeHH 3TO KOCHYyJoch Bocrounoit I'pysnu.
Cpennee 3HadeHnE aOCONIOTHBIX MHHUMYMOB TEMIIEpaTyphl BO3/lyXa BO3POCIO B
Jenrtexu na 0.7 °C NpYU HEW3MEHHOH BennduHe B JleHoTuMCIKapo, a abCOMOTHEIE
MakCUMyMbl MEXJy [epuoJaMud Bo3pocid B cpeaHeM Ha 0.5 u 2.1°C
COOTBETCTBEHHO. /laHHBIE 00 M3MEHEHUH CTOKa OCHOBHBIX PEK B PACCMOTPEHHBIX
pernoHax MpeAcTaBIeHb! B Taba.2, a OCHOBHbBIE XapaKTEPUCTUKN 3aCYIUIMBBIX I1e-
pHOOB B paiioHe [lemommucukapo, Te 3acyxa sBiseTcsl Hauboee rpo3HBIM CTH-
XUWHBIM O€ICTBHEM, JaHbI B Ta0I1.3.

W3 nmocnenHux ABYX TaOJUI] ClIEAyeT, YTO TI00aJbHOE MOTETUICHHE BHI3BAIO
3aMeTHOEe yBEJIMUEHHE CTOKa peK B 3amamgHoi I'py3uu, a Takke ABYKPAaTHOE BO3-
pacTtaHde TOBTOPSAEMOCTH 3aCyIUIMBBIX MEPUOJOB B KpaHEW BOCTOYHOM 4acTu
Boctounoii I'py3un.

Jns npornosupoBanus k 2100 rogy BO3MOMKHOIO HM3MEHEHMs KiIMMaTa B
o0enx yacTax I'py3uH, pe3Ko OTIMYAIOMIMXCA MEXIY COOOH MO KIMMaTHYECKHM
XapaKTepuUCTHKaM, OBUIM  HCIIONIB30BaHBl  KiIMMaTHdyeckue wmoxenn  MA-
GICC/SCENGEN wu PRECIS, [3,1] B 0cHOBY KOTOpPBIX OBLIH 3aJI0)KEHBI HauboIIee
MECCUMUCTHYECKUI CIeHapuil To0anbHeIX dmuccuid A2 [2]. PesynbraTsl
pacdeToB, OCpeIHEHHBIE TI0 BCEM MOJEIISIM, PUBECHBI B TaOIuax 4 u 5.
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Puc. 1. BrieneHHbIe IPHOPUTETHBIE PETHOHBI Ha TeppUTOpHH [ py3un

1- TIpubpexxHas 30Ha YepHOro Mops (IObEM yPOBHS MOps,
CMBIBaHHE OEpPEeroB, HABOTHCHHU)
2- Ksemo Cpanetu (0OMIIbHBIC OCAJKH, HABOAHEHUS, OTIOJI3HH,

celu, 3po3us 6eperon)

3- Jenmorumcuxapoiickuii paiioH (3acyxa, CUJIbHBIE BETPbI, 3PO3HsI IOYBbI)

Ta6m/1ua 1. OcHOBHEIE XapaKTCPUCTUKN U3MCHCHUS KJIMMAaTa B

MIPHOPUTETHBIX pernoHax. 1995-2005

Cpeamsist Cpennee roioBoe
Perunon TeMIepaTypa Bo3ayxa KOJIMYECTBO OCAJKOB 32
(MeTeocTaHIMA) 3a nepuogs™ (°C) TIEPUOJTBI (MM)
I i - | I -1 | A%)
TTpubpexnas sona 144 | 146 | 02 | 1837 | 2078 | 241 | 13
(ITotm)
Keemo Crariet 96 | 100 | 04 | 1256 | 1360 | 104 | 8
(JIenTexm)
Jenonnucukaponckuil
paiioH 10.6 11.2 0.6 586 622 36 6
(enommuciikapo)

“0603naueHne nepronos: 1-(1955-1970); 11-(1990-2005)

Brutn mpon3BeieHB! OLEHKH BIMSHUS BBIABICHHBIX ITOCIIEACTBUN M3MEHEHHUS
KJIMMaTa B SKOHOMHKE W IPUPOIHBIX SKOCHCTEMAax MPHOPUTETHBIX PETHOHOB. B
YaCTHOCTH, B MPUOPEXKHOH 30HE Hanboyiee Ba)KHBIM IOCIECICTBHEM H3MECHCHHS
KIIMMaTa OKa3ajcs NoAbeM YpOBHS UepHOro mMops, B CpeqHEM IPOUCXOIAIUMI CO
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CKOpOCThIO 2,5-3,0 MM/ro. OH BBI3BIBACT YCHIICHHE CMBIBaHUS OEPEroB, YCKOpe-
HHUE TTOTEPH CYIIHN U JeTpajalui IUBDKEH, a Tak)Ke YCHIICHHE HarOHHBIX SBICHUH U
CBSI3aHHBIX C HUMH HAaBOJHCHHH, pa3pyIalonXx HHOPACTPYKTypy TOPOAOB U 3a-

TOTUISIOIINX C/X YTOJBSI.

Tabnmma 2. VI3MeHeHne cToka OCHOBHEIX pek. 1955-2005

Cpenumii 3a mie-
Pernon Pexa PHUOJ CTOK (v¥/c) I/IagaeHeHHe
(mocr) | T Mm/c (%)
IIpubpexnas 30Ha Puonn
(ITotn) (3.Yanaauan) 410 513 103(25)
Ksemo CBanetun Lxenucuxanm
(JIentexn) (Pixmenypn) 61 87 26(43)
Jenomnucukapoickui Anazanu (2 kM
paiioHn HIDKE YCThsI 106,8 111,4 4,6(4)
(Jenorumcukapo) p.Arpuuait)

Tabmnuua 3. OCHOBHBIE XapaKTEPUCTUKH 3aCyIIJIMBBIX IEpUooB B Jlemno-
mcukapo, 1952-2006

Cpeassist mpo10J1- Cpenansisi mOBTO-
Mepuox (rosr) JKUTENBHOCTD IEPHO/IA PAEMOCTD 3aCYILTHBOTO
(mHmM) neprosa (rox™)
1952-1956 54 0.5
1969-1975 37 0.7
1976-1985 54 0.9
1986-1995 52 0.8
1998-2006 66 1.0

B paiione Jlegommucikapo K IBYKpaTHOMY YBEIHYCHUIO YaCTOTHI 3aCyX J00a-
BIJIOCh aHAJIOTUYHOE BO3pacTaHWe CWIBHBIX (>30 M/C) BETPOB, BEI3BIBAOIINX
CHIILHYIO 3PO3HUI0 U OCyIIeHrne MOYBHI. CIIeICTBUEM 3TOTO SBISETCS MOTEPS MPO-
JIYKTUBHOCTH TIACTOUIII M YTOJWH, a B HEKOTOPBIX CIIy4asX M IMOJIHAS TOTEPs ypo-
xas. CyIIeCTBEHHYIO POJIb B YCHJIEHUU OTPULIATEIHHOTO BO3ACUCTBUS ITHUX SIBJIE-
HUH CchITpaja BeIpyOKa 3a MocyieHue 15 JIeT JIeCO3alMTHBIX MOJIOC, & TAKKE TOUYTH
MOJIHOE YHUYTOKEHHUE UPPUTAIIMOHHBIX CUCTEM.

W3 tabmui 4 u 5 cnemyeT, 4To K KOHITY TEKYIETo Beka B [ py3un oxumaetcs
yBEIMUEHUE CPEHETOI0BOM TeMIieparypsl Bo3ayxa Ha 3.5-4.1 °C u YMEHBIIIEHUE
KoJIn4ecTBa ocaakoB Ha 70-80 MM, 4TO omnpeaessieT He0OOXOIUMOCTh CBOCBPEMEH-
HOTO TPUHATUS aJanTallMOHHBIX MEpP, B OCHOBHOM CBOJSIIMXCS K YKPEIUICHHUIO
OeperoB MOps U peK, BO3/ICIBIBAHHIO JIECHBIX MACCUBOB C IEIBIO TIPEAYIPEIKICHHS
OTIOJI3HEH, cesiell U BETPOBOM 3pO3MHU MOYBBI, a TAKXKE BO3POKICHHIO OPOCHUTENb-
HbIX cucteM B Bocrounoil I'py3un, ctpanatomieit oT ycuiaeHHUsl YaCTOThl U UHTEH-
CHUBHOCTH 3aCyXH.
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Ta6suua 4. [IporHo3npoBaHHbIl ClieHapUit™* TemrepaTypsl U ocaakoB k 2100
roxy ans 3amagHoi ['py3un

Ce3oH Becna Jleto Ocenb 3uma Ton
T, Q, T, Q, T, Q, T, Q, T, Q,
Srement °c MM °c MM °c MM °c MM °c MM
bazoBsrit
MepUOT 7.9 281 185 | 348 | 9.7 | 391 | 23 | 377 | 9.1 | 1197

(1961-1990)

PazHocTh, A 4.6 -40 56 | -88 | 3.7 53 3.6 | 104 | 35 -70

2100 r. 125 241 241 | 260 | 13.1 | 338 | 1.3 | 481 | 12.6 | 1127

Tabnuua 5. [IporHo3upoBaHHbIil ClieHapUiT™* TemmepaTyphl U ocaakoB k 2100
rony st Bocrounoit I'py3zun

CesoH Becna Jleto OceHb 3uma Ton
Tv Q1 Tl Ql Tl Q! T! Ql Tl Ql
SnemenT °c mm | °C mm | °C MM °C | MM °c MM
BazoBrrit

‘gggiﬂ 93 [158 | 205|170 | 116 | 126 | 1.0 | 85 | 11.3 | 570

1990)

Pa:HZCT 46 | 65|59 |72 | 41 | 45 | 45| 29| 41 | -83

2100r. [ 139 ] 93 | 264 | 98 | 15.7 81 55 | 56 | 154 487

* - cnosip30BaHHbBIE KITNMATHYECKHE MOJCIIH:
MAGICC/SCENGEN (17 mozeneit). 600 km X 600xm
PRECIS (HadAM3P, ECHAM4), 25 km X 25km

Hcnonp30BaHHBIN ClIeHApUH TI00ATBHBIX AIMHUCCHIT: A2

B 3amagnoii I'py3un nporaosupyemMoe M3MEHEHHE KIMMara OyaeT crocoOcT-
BOBaTh BO3MOXKHOCTH IPOJBIDKEHHUS TEILIONIOOMBBIX C/X KYJBTYP B BBIILIE Pacio-
JIO’)KEHHBIE arpoKIMMAaTUYECKHe 30Hbl, a B BocrouHoil I'py3un — panpHeiien
apUAM3aliy KJIMMAaTa U BO3MMKHOCTH OIIyCTBIHMBAHUS B BOCTOYHOM U FOKHOI
4acTsIX PEruoHa.

R03I0>dIBd - REFERENCES - JIUTEPATYPA
1. Jones R.G.et al., 2004. Generating high resolution climate change scenarios
using PRECIS. Met. Office Hadley Centre, Exeter, UK.
2. Nakicenovic N.et al., 2000. Special Report on Emission Scenarios. Cambridge
University Press, Cambridge, UK.
3. Wigley T.M.L. et al., 2000. The MAGICC/SCENGEN climate scenario gene-
rator: version 2.4. Technical Manual. Climate Res. Unit, UEA, Norwich, UK.
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UDC 551.58.583

REVEALED AND PREDICTED CLIMATE CHANGE IN GEORGIA AND ITS IM-
PACT ON ECONOMY AND NATURAL ECOSYSTEMS. /.Shvangiradz M., Beritashvi-
li B., Kutaladz N./.Transactions of the Georgian Institute of Hydrometeorology. -2008. -
1.115. — p. 76-80- Russ .; Summ. Georg.; Eng.; Russ.

The change of main climatic elements between the periods of 1955-1970 and 1990-
2005 is discussed for 3 regions of Georgia (the Black sea coastal zone, Kvemo Svaneti and
Dedoplistskaro region) selected as priority regions during the preparation of Georgia’s SNC
to the UNFCCC. Predicted values of temperature and precipitation change to 2100 for both
parts of Georgia are presented on the basis of up-to-day climatic models. Adverse effects of
climate change for the past half-a-century in the selected regions are discussed with their
impact on economy and natural ecosystems.

YK 551.58.583
BBIAABJIEHHOE U NPOTHO3UPYEMOE U3BMEHEHUE KIMMATA B I'PY3UHN
" EI'O BJIMSIHUE HA SKOHOMUKY U ITIPUPOAHBIE SKOCUCTEMBI. /I1IBan-
rupamze M.S., bepuramBuwim b, Kyramamze H b./. C6.Tpymo MHWHucTtuTyTa
I'mppometeoponorun I'py3un. —2008. — 1.115. — c. 76-80. — Pyc.; Pes. I'py3., Anr.,Pyc.
[IpencraBneHsl JaHHbIE 00 WM3MEHEHHH OCHOBHBIX KIMMAaTHYECKUX JJIEMEHTOB
Mexay nepuogamu 1955-1970 u 1990-2005 rr. qst Tpex pernoHoB ['py3un (mpubpexHas
3oHa Yepnoro mopsi, KBemo Ceanern u [enorumcrkapoiickuii paoitH), BHIOpaHHBIX B
KauecTBEe MPHOPUTETHBIX PETHOHOB IIPU MOATOTOBKE BTOpOro HaruoHaIBHOTO COOOIIEHHS
I'py3un mo PKUK. Ha ocHOoBe coBpeMeHHBIX Mojienell KiuMaTa JaH MPOTHO3 MU3MEHEHUS
TemIiepatypsl i ocaakoB k 2100 roxy s obenx yacreid ['py3un. PaccMOTpeHBI pe3ybTaThl
OTPHUIATETLHOTO BIMSHUS M3MEHEHHs KIMMaTa 32 ITOCIEAHHE IOJIBeKa Ha YKOHOMHUKY U
IPHPOAHBIE YIKOCUCTEMBI.
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dobolinomgdgmms  dmbogmwbgemo  gemogmgdgdol GgbpgbiEosms godmg-
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bgdd0g-LBodogdo 3GmEglgdol gogasm ofgol 360dgbgenmgsbo @omg-
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LOCAL ANTHROPOGENOUS FEATURES OF CLIMATE CHANGE FOR GEORGIA’S MOUNTAIN
REGIONS./Tskvitinidze Z., Gunia G./. Transactions of the Georgian Institute of Hydromete-
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Practical aspects on protection of an environment and control nthropogenous influence on
climate change for Georgia’s mountain regions are considered. The special attention ad-
dresses to an estimation of current state and also identification tendencies of possible change
of qualitative and quantitative characteristics of an atmosphere.

VK 551.51042

MECTHBIE AHTPOIIOTEHHBIE OCOBEHHOCTHU U3MEHEHUS KJIMMATA IOPHBIX PETUOHOB
I'ry3un JUksutuauaze 3. U., Tynaus I'.C./ C6.Tpynos WHctutyra ['MapomeTeoposornu
I'pysun. —2008. — 1.115. — c. 81-89. — I'py3.; Pes. I'py3., Anr.,Pyc.

PaccmatpuBaroTcs npaxkTH4ecKue acleKThl IO 3alluTe OKpysKarolleil cpeabl U KOH-
TPOJIBIO aHTPOIIOTEHHOTO BIISTHUS Ha N3MEHEHHE KIMMaTta FOpHBIX pernoHoB ['py3un. Ocoboe
BHIMaHHE 00paIaeTcs OIeHKe COBPEMEHHOTO COCTOSHHUS, a TAKXKe BUSBICHUIO TEHICHIINH
BO3MO>KHOTO M3MEHEHHS KAYeCTBEHHBIX M KOJIMIECTBEHHBIX XapaKTEPHUCTUK aTMOC(EPHI.
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VK 91 (479.22)+632.118.3
CHELM®UKA PEAJIM3ALMA AHTPOIIOTEHHOT'O 3ATPSI3-
HEHMSI TOPHBIX BUOTEOLIEHO30B
B YCJIOBUSIX ITOBAJILHOT'O NOTENJIEHUS

I'mobGanbHble KIMMAaTHYECKUE MPOLECCH B HCTOPHH 3EMIIH SIBIIIIOTCS Hanoo-
Jiee aKTUBHBIMU (paKTOpaMU CTaHOBIICHUS W M3MEHEHHs OMOTeoleHO030B. I3meHe-
HHUS TEMIIEPATYpHOIO PEKMMa OKa3bIBAE€T OCHOBOIIONArarollee 3HAYeHWE U Ha
(hopMHpOBaHUE LIEJIOTO PsAa YKOJIOTHUECKHX MPOIECCOB, MOHUTOPHHT U IIPOTHO-
3UPOBAaHUE KOTOPBIX MMEET OTPOMHOE 3HAYEHUE JJIS HACEJICHUS Pa3IM4YHBIX pe-
TMOHOB IUIAHETHI.

BoccTaHOBUTE KapTHHY KIMMAaTHYECKUX W3MEHEHUN JAJEKOro IMpOLUIOTro
UCCIIENOBATENAM IIOMOTaeT MaJEOPEKOHCTPYKLHUSA, a 3a TeMIEpaTypaMu IOCIEN-
HHUX JIByX COTEH JIET y4EHBIE CIEAAT C IOMOILIBI0 TepMOMETPOB. [1o MHEHHIO KNn-
MaToJIOTOB Ha 3eMJIe yKe HE pa3 MPOUCXOIMIN III00AIbHBIC U3MEHEHHS KIIMMAaTa,
¥ OHM OBl ropasfo Oosiee CyIeCTBEHHBIMH, YeM HbIHEIIHee norerienne. CTouT
BCIIOMHUTH XOTSI ObI 3HAMEHUTHIH JIeTHWKOBBIN mepnoj, KOTJa 3HAYNTEIbHAS
yacTb EBpasun ckpbuiach mojo JbgaMu. OCHOBHOM MPUYMHON JPEBHUX KIMMAaTH-
YEeCKUX KaTaKIN3MOB YY€HbIE BHIAT B U3MEHEHHH OpOWTHI 3eMid, B M3MCHEHHE
KOTOPOI1 BMEIATENbCTBO YEJIOBEKA IIPEACTABIAETCS HEpealbHbIM. B 3TOM KOHTEK-
CTe HBIHEIIHee TJI00aTbHOoe MOTEIIEHHE MOYKHO PacCMaTPHUBATHCS KaK OYepeIHOI
LUK «KJIUMaTHYECKOrO» DPa3BUTUA IUIaHETHl. M Bce e IpU BCEH BaKHOCTH
OLIEHKH CHEeUU(PUKH HCTOPUU KIMMATHYECKHX HM3MEHEHHUIl IUIaHeThl, B Halle
BpeMsi, HEOOXOAUM TOUCK TaKOro MOAMGUIMPYIOMETO (aKTopa, KOTOPBIH OTCYT-
CTBOB&JI B IIPOLUIBIX 3I0XaX. be3ycloBHO, OCHOBHBIM, U, IIOXKaJIyH, €UHCTBEH-
HBIM 371€Ch MOXKHO CUMTaTh — aHTPOIOTeHHBIH (akTop. ViIMeHHO mosTomy cpean
BOIIPOCOB PacCMaTPUBAEMBIX MHPOBBIM Hay4YHBIM COOOIIECTBOM SIBJISETCS BOIPOC
U3y4eHMs] BO3MOXHOCTH MPOTHO3UPOBAHUS OTPHLATENBHBIX MOCIEACTBUH IJO-
0aJbHOTO MOTEIUIEHHs, U B YAaCTHOCTH - ONpE/esICHHE B3aUMOJCHCTBUH MEXIY
W3MEHEHHEM KIMMara M JOPYTHMMH SKOJOTMYeCKMMH mpolueccamu (8-if Bompoc
MeXIpaBUTENbCTBEHHOIN TPYHIIBI SKCIIEPTOB MO0 M3MeHeHmio kimmara MI'OUK)
[9]. B oT0ii CBSI3M MOHATHO, YTO M3yYEHHE PA3TMYHBIX ACIIEKTOB aHTPOMOTEHHOTO
BO3JICHCTBUS SBJISIETCS aKTyalbHON HAYYHO-IIPAKTUYECKOH 3ajauei.

11 morcka BO3MOJKHBIX MEXaHU3MOB PEau3allii aHTPOIOI€HHOTO 3arpsi3-
HEHHs OMOTEOIIEHO30B B YCJIOBHSIX IJI00ATBHOTO MOTEIUICHHUSI HAMH BBIOpaHa MO-
JIeNIb PaUallMOHHOTO BO3IEHCTBHA HA PACTUTEILHBIE OPTaHU3MBI M OTPaHHYCHHAS
9KOJIOTMYECcKasi MOJIeNb JaHAIA()THOTO SKCIIEPUMEHTAILHOIO MOHUTOPUHTa
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Merto/p! HCCIeI0BaHUS

B xadectBe (QHU3MKO-XMMHUYECKHX (AKTOPOB BO3ACHCTBHUS HaMU OBLIH BHI-
OpaHbl - WOHHU3WpYIOIIEE H3IIydeHHE (TaMMa-paguanys) W TsDKEIble MEeTallTbl
(voHBI cBWHIA). MOJECTBHBIMU PACTEHUSIMH CIYKWIH 0000BBIE KyIbTYpHL Jlis
WCCIIEIOBaHMS BIMSHHA OOTydeHHsI Ha PU3OTEHE3 B IIPUPOAHBIX YCIOBHAX B Kade-
CTBE 3KOJIOTHUYECKOH MOZETH JaHA(THOTO 3KCIEPUMEHTAIEHOTO MOHUTOPHHTA
OBLT TOHOOpaH IEPHOBHIN CIOH C JYTOBBHIME pacTeHusME. OOIydeHne IPOBOIIIII
no030ii 3 pan/uac B Tedenue 1 Hepenu. [locne BrIcaky IEpHOBOTO HACTHIIA 3aMeEPBI
CBIPOI Macchl KOPHEBOM CHCTEMBI KOHTPOJIBHBIX U OOJYYEHHBIX PACTEHHH IIPOBO-
JWn yepe3 6 MecsIeB.

Pe3yabTaThl U UX 00CYKIeHHE

Junst u3ydenust crienuduyeckux ocoOEHHOCTEH pean3aliuy aHTPOIIOTEHHOTO
3arpsi3HEHUs OMOTCOIICHO30B B YCJIOBHSX TNIOOANBHOTO MOTEIUICHUS HaMH ObLIa
MOCTaBJIEHB! ciepyromue 3agaun. 1. KakoBa cnenmduka Bo3meHCTBHS MOBPEX-
JAfOIINX aHTPOIIOTEHHBIX (PaKTOPOB HA PACTHTENbHBIN opranmsMm; 2. Kak peanmzy-
eTcsl 3TO TOBPEXICHUE B YCIOBHSAX OTKPBITHIX (pruTorieHo3oB; 3. KakoB BO3MOX-
HBII CIieHapui Pa3BHUTHS IPOIECCOB Y TOPHBIX OMOTEOLEHO30B B YCIOBHSX IJIO-
0aJIbHOTO TTOTEIUICHHS.
C oT0i1 1enplo, B KayecTBE IEPBOrO 3Tana, ObUIM HPOBEACHBI HCCIEIOBAHHS
BIIMSAHUA I/IOHI/ISI/Ip}’IOLHGﬁ paguanuu U TSAXKCEIIBIX METAJUIOB Ha POCT U PasBUTHUC
pacrenuii. Kak mokasano Ha pucyHke 1. B pe3yjbraTe paJualliOHHOTO BO3JEHCT-
BUA Y paCTeHI/Iﬁ MpOUCXOAUT 3HAYUTCIIbHOC CHUKXCHUC MHTCHCUBHOCTHU pOCTOBOfI
peakuuu. [Ipu 3TOoM KOpHEBas cucTeMa MpOsIBIsieT celsi Gosee MOJBEPIKEHHON
pazualOHHOMY MHTMOMPOBAHHUIO, YeM NPOPOCTKH. AHAJOTMYHAas peakiys Oblia
3a()MKCHpOBaHA MPH BO3JEHCTBIH HOHOB TSDKENIbIX MeTauios (Puc.2).
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POCTOBAS PEAKLIUSI PACTEHUV
% MO OTHOLIEHWUIO K KOHTPOII
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Puc.1 [lelicTBHe -pagnanuy Ha POCTOBYIO PeaKIUI0 pacTeHus 1- Bapuanr 0e3
o0urydeHus (KOHTpOJIb), 2 - obxyuenue no3oit 2,0 I'peit, 3 - 4,0 4 - 6,0 I'peit. A
— KopHH, B — mpopocTku
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Puc.2 JleilicTBHe TsiKeJbIX METAJIOB Ha
POCTOBYIO peaKkUHI0 PAaCTUTEJbLHOI0 Op-
raHusma

1-Bapuant ©0e3 BO3IEHCTBHA THKEIBIMU
MeTaulaMu  (KOHTpOJb), 2— BO3JAEHCTBHE
TSKEIBIX METAJIOB HA KOPHEBYIO CHUCTEMY,
3— BO3IEHCTBHE TSKEIBIX METAJUIOB Ha
noberu, 4— BO3MICHCTBHE TSDKENBIX METal-
JIOB M HA KOPHEBYIO CUCTEMY, U Ha MOOeTH

Kak n3BecTHO, 0COOCHHOCTBIO aHTPOIIOTEHHOTO 3arpsA3HCHMUS, SBISETCSA pas-
HOOOpa3ue XMMHYECKHX ()OPM arperaTHbIX COCTOSIHHM, BBIOPOIICHHBIX B OKpY-
JKAIOIIYIO CPely PaJHOAKTHBHBIX U TOKCHYHBIX AJIEMEHTOB. B 3THX yCIoBHSX HX
HaKOIUIEHHE PacTEHHUSMH, IPOUCXO/IAIEe B OCHOBHOM 3a CUET BOJOPACTBOPUMOM
(hOpMBI KOMIIOHEHTOB 3arps3HEHHsS M OTPaKaeT BEChbMa CJOXKHBIE EPEXOIHBIE
MPOLIECCHl B ITOYBE, CKOPOCTh M HAINPABIEHHOCTh KOTOPBIX ONPEIEISETCS 3KOJIO-
TMYECKOW aKTUBHOCTHIO BCEX KOMIIOHEHTOB KOpHeoOHWTaemoro cios. s usyde-
HUS BIMSIHUSL aHTPOIIOTEHHOTO BO3AEHCTBUS Ha YpOBHE (DPMTOIIEHO3a HAMU OBUIN
MPOBEIEHBI NCCIIEIOBAHMS MPH MOMOIIM SKOJOTHYECKOW MOJENH JIaHmadTHOTO
9KCIIEPUMEHTAILHOTO MOHHUTOpHHTAa. C 3TOH Lenbio paaualoHHOW o0paboTke
ObUT TIOJBEPKEH TPHUPOAHBIN JEPHOBBIM CIIOM JIyrOBOW pacTHUTENHLHOCTH, HOCIE
Yero KOHTPOJIbHBIN M OOJIydeHHBIH BapuaHThl OBUIM BBICAXKEHBI B OTKPBITHIN
rpyHT. Yepe3 6 MmecsileB ObUI IPOBEAEH IOJCYET YBEIMYEHHsI KOPHEBOH MaccChl
pacTeHuil Ha riryoune 10 15¢m u 15-30 cM. Pe3ynpTaTsl npeacTaBleHHbBIE HA PH-
CYHKE 3 TIOKa3bIBAIOT, UTO €CJIM B IIEPBOM BapuaHTe (Ha rinyOouHe g0 15 cMm.), pas-
HHIIA MEX]y KOHTPOJBbHOW 30HOW M BapHaHTOM C OOJy4eHHEM COCTaBIIsIa BCEro
7,1%, To mpu 3amepax Ha TayOmHe 15-30 cM. 3Ta pasHuna 3aduKcHpoBaHA Ha
ypoBHE 63,1%. OnHUM U3 BO3MOXKHBIX MEXaHU3MOB, OOBSCHSIONIUX CTOJb 3HAUHN-
TENIBHYIO Pa3HUIly MEXIY Pe3yJbTaTaMH, IMOJYYEeHHBIMU NPU aHAJIN3e BBIIICOIH-
CaHHBIX 30H sBIsAETCS 3(P(EKT paguaioHHOT0 MHIMOMPOBAaHUS alMKaJIBHOTO J10-
MHUHHpOBaHUs [3]. B nx ocHOBe JISXXUT NO/aBIEHHE Y OOIy4YEHHBIX PACTEHUH HH-
TEHCUBHOCTH POCTA TJIABHOTO KOPHS W aKTHBALMs OOKOBBIX MepHCTeM. Taxum
00pa3oM, MOJTyYeHHBIE Pe3yiIbTaThl OKA3bIBAIOT, YTO NPH OOJIYUYEHHH PacTUTEINb-
HBIE OPraHU3MBbl, B CHIIy U3MEHEHUS YPOBHSI 3aJIeTaHNs] KOPHEBOW CUCTEMBI I10JTy-
YarOT OCHOBHYIO BJIAry C MEHBIIECH IIyOHHBL. B 3TOM ciIyuae CTaHOBHUTHCS HOHST-
HBIM, YTO TIPH MOBBIIICHHOM TEMIIEpPAaTypHOM BO3JECHCTBHH, U3-3a TOTO, UTO Oojee
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o0ecrieueHHOW BIIaroM, KaKk IMpaBHJIo, SIBISIOTCA Oojee riyOOKHe CJIOM MOYBBI, 00-
Jy4eHHbIE PACTEHHS IOABEPKEHBI OBBIIICHHOMY PUCKY 3aBSI3aHUSL.

W Bce ke, KakOB BO3MOXHBIN CLIEHapUH pa3BUTHS IPOLECCOB y TOPHBIX
6MOTeOIIEHO30B B YCIOBUAX ITI00ATBHOrO MOTEIUIeHH. /[l aHamM3a 3TOro mpo-
Iecca cileyeT OTMETUTD, 9To 3a nocuegaue 130 set, cpenHeronoBas TeMiepaTypa
B I'py3uu yBennumnacek Ha 0,6°C. [6]. DT0 naeT OCHOBaHME 3aKJIIOUMTH, YTO CETO-
JHALIHUE JTaHJma(THBIC T0sica 0 CPAaBHEHHUIO C MPOLUIBIMHI BEKaMH THIICOMETPH-
YEeCKH JOJDKHBI ObUiM mofgHAThcs Ha 100M., a naHgmadTHBIE KOMIIOHEHTBHI —
penbed, MoUBa, KIUMAT U Ap. HAXOIATCS B TECHOW B3auMocBs3u. [lo MHeHHUIO He-
KOTOPBIX aBTOPOB JJIsi U3MEHEHUH IT0I0OHOTO THIIA HYXKHBI COTHH, M J[aXKe THICS-
yejeTus. B To Bpems, Korjga aHTpONOTreHHbIe (PaKTOpbI CIIOCOOHBI B KpaTYaWIIni
MPOMEKYTOK BPEMEHH XOTs OBl 32 3-4 JeCATHICTHS 3HAYUTEIBHO M3MEHUTDH MpPU-
poasbie nanamadrsr. [5].

Ecnu nanamad sl prcnocoOIeHbl K ATUTENBHBIM U MEIJICHHBIM KINMAaTH-
YECKUM M3MEHEHHMSAM, TO IPU KPaTKOBPEMEHHOM M OBICTPOM aHTPOIIOTEHHOM BO3-
JEWCTBHHU, OHU PearupyoT BechbMa OoJe3HEHHO. Pa3BuTHE €CTECTBEHHBIX MpoIeC-
COB, @ IMEHHO MHTCHCHBHOCTh M ()OPMHUPOBAHHE JTaHAIIA(TOB 3HAYNUTEIHHO 3aBH-
CSIT OT paJlMalliOHHBIX U THAPOTEPMHIECKUX (haKTOPOB.
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Puc.3 JleiicTBUe paguanuu Ha U3MeHeHUe HAKOTIEHHUsI
CcbIPOii Macchbl KOPHeill B yCJI0BUSX JAHAIIA(THOT O
JIKCIEePUMEHTAILHOI0 MOHUTOPUHTI A
1-ceIpast Macca KopHeit Ha rimyoune 10 15 cm; 2- 15-30cm.
(Temmvie ouazpammer — sapuanmol 63 001y4eHUs)

Ka)l(,[[aﬂ J'IaH,Z[IIIa(I)THaS[ 30Ha XapaKTCPU3YCTCA ONPCACIICHHBIM 3HAYCHHUCM
paananinoOHHOIO Oajanca u paananinOHHbIM MHJICKCOM CYXOCTH. OHHI/IM n3 IposaB-
JIEHUH TI00aJIbHOr0 MOTEILICHUS SBIISIETCS mnmpouecc apuausaluu, KOTOpLIﬁ O6y-
CIIOBJICH M3MEHEHHEeM KimMmaTta. B mociemgnue JACCATHUIICTHSA Sad)HKCI/IpOBaHO yBE-
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JMYEHUS] PUCKa OIYCTHIHWBAHMS, B YaCTHOCTHU IJIO0AILHOE MOTEIUIEHHE M Macco-
BOE€ CHI)KCHHE TEpPPUTOPUM MOKPBITHIX jJecamu. B I'py3um apunHas pacTuress-
HOCTh PacIpOCTPaHEHa B €€ BOCTOYHOH M I0T0-BOCTOYHOM YACTSIX, HA PaBHHUHE U
MPEATOPBSIX C TOOMYHONH cymMMoit atMocdepHsx ocamkoB 200-400 mM. 3xech 3a
MIOCJICIHUE CTOJIETHE CHIBHO COKpPATWIIACh OTICNbHBIE (hopmanuy KcepopuiIbHON
KYCTapHUKOBOHM, CTEMHOW M IOJIYIYCTBIHHOM PacTUTEIbHOCTH, KOTOPHIE 3HAUU-
TEJNBHO TPOJBUHYNHCH Ha 3aman ¥ BBepx B ropbl, 1o 1000-1100 M Ham ypoBHEM
MOpsl, ¢ TOIAMYHON cyMMO# atMocdepHbix ocankoB 600-800 mi. Dt mporeccs
MOJHOCTBIO SBIAIOTCA CJEJICTBHEM YCHJICHHMS aHTPOIOI€HHOTO Ipecca Ha pacTH-
TenbHOCTh [4]. Tlo MHEHHIO HEKOTOPBIX HCCIeAOBaTeeH, OmyCThIHINBaHHE Boc-
TouHOU ['py3un, HOCUT Kak KIMMaTHYECKHUIl, TAK U aHTPOIOTCHHBIH XapakTep U
SIBJIICTCSI PealibHOW yTpo30it /it aToro pervona. [2]. B I'py3uu Takke 4acTsl 3a-
cyluiMBble rofipl. Jloctarouno Ha3Bath JeTHIO 3acyxy 2000 rona, koTopas B paB-
HUHHBIX paiioHax Bocrounoii ['py3un naske BbI3BasIa 3KOJIOTHYECKYIO KaTacTpody.
[Ipu 3TOM BEpOSITHOCTH CHIIBHBIX 3acyX 371ech mpesbimaeT 40%-oB. [11]. B uenom
MPaKTHYECKN BCsSI TeppuTOpHs ['py3un B HacTosiiee BpeMs MOABEPKEHA M3MEHe-
HUSIMH KJIIMMAaTHYECKUX PeXUMOB. Ecin ydecTs, 4To Ha (hOHE MPOIIECCOB TI00abh-
HOTO TIOTEIUICHHSI TeppUTOpHs ['py3un MoXeT OBITh TEPPUTOPHEH CO 3HAUMTEIb-
HBIM aHTPOIIOTCHHBIM 3arpsi3HCHMEM, TO MHCCIICAOBAaHHS B 3TOM HalpaBICHUU
BeChbMa aKTyaJbHBIMM U UPE3BBIYAHHO Ba)KHBI I IPOTHO3UPOBAHUS BO3MOKHBIX
MOCIIeJICTBHI BBILICH3II0KEHHBIX TporieccoB. [1,7,8,10].

Bce BpIIEH3n0XkeHHOE, B CYMME C pPe3yIbTaTaMH IKCIIEPUMEHTAIBHBIX pa-
60T JaeT BO3MOXKHOCTb MPOCIEANTh CIEAYIOIUN ClieHapHH pa3BUTHS IPOLECCOB.
AHTponoreHHsle (hakTOpbl, BO3ACHCTBYS Ha PacTEHHs, BBI3BIBAIOT y HUX TaKHe
CTPYKTYPHO-()YHKIIOHAJbHBIE W3MEHEHHS, KOTOpPBIE CHMXAIOT X CIIOCOOHOCTH
a/IalTUPOBATLCS K BHEIIHMM BO3/ICHCTBUSIM, BBI3BAHHBIX TJIO0OQIBHBIM IOTEILIE-
H1eM. ClielyeT OTMETHUTD TaKke M CTIeU(UIHOCTD TAHHOTO SBICHUS] HIMEHHO JUIs
TOPHBIX PEernoHoB. Tak eciii Ha PaBHUHHBIX JaHAma(TaX U3MEHEHUE THAPOIIOTH-
YEeCKHX IapaMeTpoB OMOTE€ONEHO30B MAJIO BIMSET HAa Pelbe(hHOCTh NAaHHOW MecT-
HOCTH, TO B TOPHBIX JIaHIAPTAX JaHHBIN (PaKT MOXKET IPUBECTH K 3HAUUTEIEHBIM
JIECTPYKTHUBHBIM IIpOIIeccaM, HallpuMep, TAKUM KakK 0OBaJIbl M ONOI3HH. B 1enom

BriBOaBI.

Ha ocHoBanumM npoBeEHHOr0 aHalIW3a JIUTEPATYPHBIX JAHHBIX U JKCIEpH-
MEHTAJIbHBIX HCCJIEJIOBAHUI MOXHO CJ/ieJlaTh 3aKJIIOYEHHE, YTO aHTPOIOTEHHOE
3arps3HEHUE HAPSAY C APYTUMH aHTPOIIOTCHHBIMH (PAKTOPaMU MOKET IPUBECTH K
CEPBE3HOW Jerpajaluu OMOTEOICHO30B TOPHBIX PETHOHOB. [Ipu 3TOM MeXxaHU3M
(hopMuUpOBaHHS JAHHOTO MPOIIECCa MOXKET UATH MO HATIPABIICHHUIO: 3arPsA3HIIONINN
(hakTop — ociabiieHHOE pacTeHUe — (PUTOICHO3 C HU3KOM aJanTUBHOW CIIOCOOHO-
CThIO — U3MEHEHHUE THAPOJOTHYCCKUX MapaMeTpOB OMOTEOIeHO3a — Pa3BUTHE Jie-
CTPYKTHBHBIX IIPOILIECCOB KPUTUYCCKUX JIAHIIIA(QTOB TOPHBIX PETHOHOB.
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The study aimed at revealing the theoretical mechanism of anthropogenic pollution
of mountain biogeocenoses in conditions of Global warming. The process may have the
following direction: pollution factor — low vegetation growth — phytocenosis with low
adaptation potential — modification of hydrological parameters of biogeocenosis —
development of adverse processes in the critical highland landscapes.
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56 1000°-3pg ©s> gOhEgeegds 2100 9dGs3pyg. of doMoms@e aog@-
(a2 OYE0> Jg@o, Ighoo, FoBHMGomo > dmbEHbggmo  Jam e gdo.
bgenlog@gmo  saGm3e0ds@dy@o  300mdgd0s  Lomod-Ladmg@mgdolomgol.
bigbodgdom  Bgd3g@sdydol 1 s 2%o0m JoGgdolsls dgbodengdgemos
>mbodbyemo @@ e gool  s@osgols gogesdmmgds  brgol wmbowsb
2200-2300 393 @odwy.

V — Bmbsdo of@oygd  §933g0s@gdsms xodo 1000°-psb  700°-dw g
‘dgdodgogmo s 3O Egmegds begol mbowsbh 2300 dg@@sdwyg. Lig-
bogdom Bgd3g@me@dudol 1 ©s 2%00m d5Bgdolsl, do@yamdl oj@oy®
B933gDsdPGoms  xsdgdo s 2300 Igd&bg ogbgds 1000-1100°  Ygle-
ds80bo. Mo dmEgdgee Lodomengdog odgnggs dgdool, Jool, Los@gm
3o0@mgo@ols,  bmyogdmo  dmbGbyymo  yym@GyGgdol s dg-
3bOgEgmdol  bogggdo  dodbggbgool  (“ggabogy”,  “gligm™)  yoge-
390 gdobs s Lom0d-lodmgMgbol oxoGmnMgdols Lodgomgdsls.

o35L33600, M3 JerodoGol aermodsgy@o  smdmdols gogagbs
s0bobgds sp@mge0ds@ @ bmbgdby. dgd9doggdyeo Lgbsmgdomn Ggd-
3905890l 1°%-0m doBgoolsl, godmymgom sa@miamods@yd  bmbgddo
B993905@ Mol xodgdo 10°- bggom dmods@gol Lodygsmme  240-260°-
00 (sbsgagm Lsdo@mggarm), bognm 2°-00 do@gdobsls 480-500°-000 o
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mEbsg 39300 (s@dmbagmgon LsJo@mggemm). od®gligool, hsol, gsbol,
Lodobeols (Lododgerg), Lodgdmeamdm bo@dmol s bbgs 3@ ydg-
0l gogigegdols bmbgdo JoMggmoe s0f g3l dowens @gd3g@s@gols
1°-000 3mds@gdolol 100-150 dg@Gom, bogrem 2°%-0m 3mdo@gdolsls 200-300
398@o0m oo, 8dgodoe  s@Lgogmo domo  gogd g gdol bmbgdmseb
‘dgroo®gdom.
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953 630:551.58

3R03OBAOL dRMJSRNID0 RKMBMIOL 3593RTI6S SIAMIERNBSBHID0 HMEIBOL
G3R0ORIBIBI/ganodg 3., ngmsdsdgoao 3., dgarodg 8./330-b dGmBsms 36 909-
@o -2008-3.115-93. 97-104.- Jothm; Ggb. Jodom., obaan., Gqb.

390 gmOMEMY0g0 ©s33003905ms IMbsigdgdol sbogobols s ©s39Te-
3990l Ygegase  ©sdysmgdymos  do@sgno  Jm@gaszogo  gogdodo  dsgdols
#993905¢ Mol 10°- bggom aosliganols ms®oel, sJGoy®d  G9d3gas@y@sms
xodls s begol mbosb Lodswammgls dm@ol. wswygbogo  353300gdols bo-
993980bg g gbogros Gga@glools gobBmangdgdo, GmIgmms dobgogom gob-
Lobwg@gmos  oJBog®  Hgd3gtodgdsms  xodgdo  sadmymods@ o bmbgdo-
Lobmgol.  aodmgmgzomos 5 sg@mygaods@y®o  bmbs  Lobmgam-Lsdgygmbgm
3B AOgd0b 3o3BEILRgd0bomgol.
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bgbodols  dobggom  Fgd3g@s@dy@ol  1%-00m  Fo@gdolsl  3od®YLgdols,
gobol, hool, Lsdodgang  Lodobwol, LsTgdmeamdm  boddaols s  ULbgs
3B YNgdol  goghgargdol bmbsd 100-150 IgB@om sofos Fowens, sdgedsw
>Glgdyao Bomo ogMigegdol bmbgdmsb Ygpodgdom, bmenm 2%-00 dodg-
bdolol 200-300 39 @o0.

UDC 630:551.58

INFLUENCE OF GLOBAL WARMING ON CHANGES OF AGROCLIMATIC ZO-
NES./Meladze G., Tutarashvili M., Meladze M./.Transactions of the Georgian Institute of
Hydrometeorology. -2008. - 1.115. — p. 97-104. - Georg.; Summ. Georg.; Eng.; Russ.

As a result of the analysis and data processing of meteorological observations are
established close correlation connections - between date of air temperature rise above 10°,
the sum of active temperatures and altitude above sea level. On the basis of the established
connections the equations of regress are made, according to which sums of active
temperatures for agroclimatic zones are defined. 5 agroclimatic zones for distribution of
various agricultural crops are allocated.

According to the scenario, upon temperature rise of 1° for citrus, vineyards, tea,
corn on grain, a winter wheat and other cultures the zone of distribution will go up to 100-
150 m. above sea level, than nowadays exists, and at increase in temperature on 2° zones
will go up to 200-300 m. a.s.l.

V]IK 630:551.58
BJIMSTHUE I'JIOBAJIBHOI'O NOTEIVIEHUSA KJIMMATA HA UBMEHEHMUSI AT -
POKIIMMATHUYECKHUX 30H./Menanze I'.I'., Tyrapamsunu M.Y., Menamze M.I'./.C6.
Tpynos Uucturyra I'mapomereopornoruu ['py3un. —2008. — 1.115. — ¢. 97-104. — I'py3.; Pes.
I'pys., Anr.,Pyc.

B pesynprate ananmsza m 0OpabOTKH TAHHBIX METEOPOJOTHYECKUX HAOIIOICHUI
YCTaHOBJIEHBI BBICOKHE CBSI3M — C JAaTOW Iepexoja TeMIIepaTyphl Bo3ayxa Beime 10° ¢
CYMMOM aKTHBHBIX TEMIIEpaTyp M BEICOTOH Haja ypoBHeM Mops. Ha ocHOBe ycTaHOBIIEHHBIX
CBsI3el COCTaBJICHbl YPaBHEHHs PETPECCMM B COOTBETCTBHM C KOTOPBIMH OIpEIeTIeHBI
CYMMBI aKTHUBHBIX TEMIlepaTyp Ul arpoKIMMaTH4ecKHX 30H. BelneneHsl 5 arpokiu-
MaTHYECKUX 30H ISl PACIPOCTPAaHEHHsI CeNTbCKOXO03HCTBEHHBIX KYJIBTYP.

CoryacHO cueHapusl NMpH YBEIWYECHHH TEMIIEpaTypsl Ha 1° ISl OHUTPYCOBEIX,
BUHOTPA/THUKOB, Yas, KyKypy3bl Ha 3€pHO, O3MMOIl HIIEHHWIBI M JAPYrHX KyJIbTYp 30Ha
pacnpoctpanenuss nosbicutcs Ha 100-150 MeTpoB ueM HbIHE CyLIECTBYeT, a IpHU
yBEJIMYEHUHU TEMIEepaTyphl Ha 2° 30HbI MoBhICATCSA HA 200-300 MeTpoB.
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J0RAE(MIIBHIMBHCIRIBO0L 06LBH0BIBOL dE()3Id0, BHMIO Ne115
TRANSACTIONS OF THE GEORGIAN INSTITUTE OF HYDROMETEOROLOGY, VOL.115
TPYJIbl HHCTUTYTA FT'HIPOMETEOPOJIOTUU T'PY3UHU, TOM Ne 115

3B0gemos gL, samsggds dgomo 8.2, BBsdsody g b2,
35985599 8L J0gb65dg @, byygbos 6.1, gerzs0s 6.
LFo@@mdgBgm@mamgools 06bB0B G0
209, xogobodgoaols bsbgaremdol mdoamobols bsbgandfoge

260393 Loy 0
32208530 G3ROKLISOL BM6DBI IRD65@OL HSFIMESRIGOL KRS
65R3JJT0L IFH0)MdRN30 LBIBSAOLGHN3IA0) S65R0Db()

Lodotmggenml ghm-ghmo gdmsgdglbo dgbgddogo Lodwowpeg Fy-
ol Agby@lgdos. Jggybol dpg@dswo gobgomo®gdobsmgols sy gdy-
oo, o@ligdgmo  Fymols @gly@lgdols  @sgombsaaydo  godmygbgdo.
Fyemol Gglg@ligdols @s@ombogma@o aodmygbgds gbos  9839dbgdmogls
bogen Fomdmeagbsl (06gm@dszosl) Fymol saligdygm @omogbmdstby
> dobs Jmbognmebgan 3gamomgdgdbyg gamods@ol 33momgdols gmbby.

godo@ols aanmds@y@ds  osmdmdsd  godmofgos  Fomasigmols
30m3gbols 0b@gblogogsEos. jaods@ol  3gmomgdols Lodmsgdmdsme-
‘do@obe Laddml (IPCC, 2007) dgxsbgdol 3gmmnby dnblgbgds sosl@y)-
Mol aamds@y@o omdmdoli 3oga@ol s@lgdmdsl. 1905-2005 §F. ob-
Vemosbo FOgogo Gmgboo (0.74°C) swgds@gos 1901-2000 §F. dglsdsdolo
BMgbwols  Ib0dgbgemdsls  (0.6°C), @mdgamoi  Fobs  (IPCC,  2001)
dgg3oligdol dmbligbgdsdos dmzgdyeno. 1990-2100 §F. 3g@ome@o dmbe-
g mEbgmos B993gao@ Y@ 350boAEMLs 14-5.8°C-o00. >dolomob
dobogmpbgaos, @md XXI boygybgdo goobdogds bogngdgdol @omwg-
bmds, dgdodgds mmgmols Loggo®ol aog303gegds, boeem dgobgomgdo
3o03Mdgagdgb 93ob ©obggol. @omdmbds odymRom yogmgbsl shgbls
doFobgggds Fymgdoli dodopols gomgos@mdsbyg. dofoldggds Fymools
©ombggdo  bmyoghn  Fyomdgdpgge  ¢9bgddo  dbodgbganmgbs  dgd-
(3OOS, 053503 ‘dgod3ods d9360 dobs@ols Fyomdodmdols
hodmbowygbo.

ggges gl goJ@dmmo gdygsmmme bgdmdgegdl Fymols @gby@ly-
50l bAybggaymaeby, Ipobodols hodmbswgbol Ggg0dbg o dogye-
Femoy® aobofomgdaby. bogs®oyomp yamodsgyg@o omdmdols bgdm-
J9ggds hodmbowgbols dogofemoyg®d gobofomgdsby @M 0b@gbloymo
dobpgds. dgdzomegds TyomdEodmbol 3gdomwols hodmbowgbo s goo-
bAPYds PbgFygmosbol. sobmob woge3d06go00m hodmbowgbol womgyey-
oM gds Indogo@do YBOM oMM E©gos.

o>fgseb 2odmdwobsmy IgBoe o@comydos dpobos®ol hodmbowg-
bobs s dobo  doGomswo obdsdommdgdgmo goJ@mmol — bogngdgdols
OomEgbmdMmogo 33eomgdol @obsdogol godmgagbs, o3 geolibdmdls
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B®gbwols  gRoligdol.  FEgbeol  aodmgmgboli  mgoglbshobm  by@bl
FOxgogo Ggagbos Foddmowygbl, bmam @GEgbool bodsbpmds dgod-
gds dggnobogl dgdmbgggomn Lowowgl (X) ©s dols Gogom bmdgdl ()
@0l godgmmsiEool gmgnoiogb@ol (F;) Lowowon. gggms o3 Lsgom-

bol  gbFogemolbomgol  sygigogmgdgemos  a3]mbegl  ol@m@oygmaw
053300390900 dmbo9dgb0. Lsdfgbodme 1990 Fanosh d339mGow dga-
3oHEs  Jopamemmaog®o  ©s  dgBgm@mmmaog®o  bsag@gdols s
Loggdoamgdols Goibgo. 2007 §ganls 39bjiombomgdes  dbmanme 13
39@ gmam@maog®o boag®o ©s 20 Logedogm.

Loobpo®odme  dgodhs 0l J0@mdgGgmememmaoygdo @sdm-
G5@m@00l de. gghgbg FTymol bodxols s bogngdgdol wsz300390%-
g0 dmbs3gdgd0, GmImoi Gomegds 1963 {amowps ©mgdwg.

d. 3909 Lomoggl omgdl wopam@ol Jgool Lodb@gm gogmmsaby
bmgy. dmbobowsb hO@o@m-smdmbsgamgmon  bwgol mbowsh 1682 3
Lodswengbg s ghmgol 8. 333350 mdoaolols dosdmgddo bmgol
mbosb 390 3 Lodowargbyg. dpobs@mols Loaddg 425 33-os, Lodgogmm
@obGo@mds 322%, (yomgdz@gdo s9bol godmmdo 190 33%-05. bodey-
s dGogomP@mon@o  bodxo 10 3/73-9pgs.  o9bTo  Godmwgbody
35@oM> Hoss, mIgemms Lom®dg 4 dgBOlL 5@ smgdodgde.

do. 39M9L  ogbo  SLodgBMoygmos, ogo  dmgosbo  sgdgos
bges  gmEgbg®o  Jobgdom —  Jgodedzgdoms ©s mobsgodegdom. oao
doJaggmos 3dGomo  3mbBobgbdy@o dogol o@gdo. dol o9bPo bogy-
byao gbgamo s dd@ogos, bsdmedo gbsangm ©s (3030. bogngdgdols
93gBglbo GomEgbmds goboxbymby dmwol, bogbymdo go Lsgdsme
boba@danogo  gbsgngm  3gdompol d9degy o@ol bobdmgeng denog@o
nogbbds §godgdo, dmIgaroi bogyxgd go@slGOmeayge bslosol 0dgbl.

d. 39M9L Yenog@o hsdmbowgbols asbsfoemgds Lab@ommdols §y-
stmgools dobgogom 539090 e0s InEgdygm  ©s 33003900l 3g@omedo
(1963-2007(Y.) dgdbhgneo Lodgogmm Fymosbmdol {aolomgol (1967F.),
Omd@ols Jobgegomsi  hodmbopgbol Fmogdo @osmgbmdowsh  dgow-
296L: mmgeo — 17.0%, (gods — 43.7% s dofolzgds — 39.3%.

Losbgo®odm 0bFgdgogmsm dgodbs (om3gnmo mgggool s byg-

bmbgools (II-V, VI-VII, IX-XI, XII-II) Fgemoli bodxgdols (Q &/¢9) Lod-

@oge  36095369mmdgdo s bomgdgdol (X 33) xodyncdo  Lowowggdo.
9JO0Mda@ogo  gosbas®odgdolsmgol  godmygbgdymos Q-Ls ws X-ob

Q _ Q X _ X,
dopa@ydo 3mgn03096@go0: Ki —6'; Ki =

X

(3o 3990 mg9960bs s Lgbmbgdol 0b@gdgoaols dgdhggs bo-
Jgomgdoll  odanggs  bogowop  wobsbosmpgl 58 3gMomwgdols

hodmbowgbols  ©s  bogrgdgdol (330 9dsmdol  obsdogs  (HHgbwo).
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53539 @mb slgmo dmbszgdgdo Ladygsmgdsl odgnggs gosbogrobogls
‘Jopofmoygdo hodmboswgbol (gomgdsmds. mydas Ygem  dobswgdos
Jopofmoygmdo  aobosfomgds  omggymo  mgggéolsmgol, asdmolabemls
nonmggeo  Faoll 30m3gbdgdo  Fomoyg®owsb. 3GmEgbdmeo  dohgg-
bgdemgdo  Lodygomgdol  odanggs  dggobfogammm  mommgygeo  mgols
Feoyg@opsb  Fgmomols (%) 3gomgdsmdols obsdogs w@oggoMggdygeo
39M0mEols Aobdsgermdbdsdo 1963-2007 §F.

3odMgmgomgm  3m@Ags30gMo  3ogd00gd0 hodmbopgbls o bo-
9ol do@ol  ombodbye  3gBomedo  mgggdols o bgbmbgdol
dobgpgom, Gmdgmoi Inigdgeos 3b®omgddo 1 s 2:
gb®ogoo 1.

O3 o lm || v v Y Y x| x| x| K
9 I | 1 I

Mol 03]05103]05|04)07]03]03]04)03)01]|0lI
7 0 3 9 8 0 4 2 2 7 4 8

gboogoo 2.
Lgbmbo II-v VI-VIII IX-XI XII-II

o 0.63 0.52 044 0.65

dmzgdgemo gbGoamgdosb bomeosw Hobl, @md hodmboswgbls s
boengdgol dm@mols Logdodoloe dkodm jogdodgdos, aomos XI ws XII
039900Lo.

53999 0dbs hsdmbowgbolis o bogngdgdol gOmmdaogo (3g3o80g-
d5mdol 45503900, ImEmy® 3098030960900 (bsb.1).

B®gbwols bodsbpmds dgodengds Yggolegl dgdmbgggom  Lowo-
gbs s 3ol Gogom bmdgdl Jm@ols gm@gesigools gmgxocogbdomn I
09 3omg@gdol  dgogase  sedmbbogds Gm3  jm@gmsaool  3mggo-
(3096B0 s Gobamddogo  3Mo@gmoydgdo  dgBos 2O'T -bg, oo

o, =1//n-1 o6 o, = Jyn/(n=1), 85306 BMgbwo hsomgargds Lo®f-

d9bmg. [1]
BMgbwol  dggolgdobomgol  godmmgmogn  odbs  gm@gasEool
3098030960 mommggeo mgobs o Lybmbolomgol, @mdgaroi dm-

(399900 bGomgddo 3 s 4

agboogno 3.
ogg T [ [V VI[vi[vo][vil] X [|X][X[XI
X | o7 | 011 011 [ 019 | o 0 | 2007 | 016 | -023 | 0.15 | 0.12 | 0.04
Q | 0.5 [0.06 | 008 | 021|036 | 0.15 | 0.19 | -021 | -0.09 | 0.11 | 020 | 0.13
gboogno 4.

| bybobo | 11-vV | vivilh | IXXI [ XIH
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X -0.08 -021 0.01 0.09

Q 0.20 0.01 0.09 023

9l gb®ogro Lodgogdols ygodarggl dggos®mm, Gmyme@o @gb-
©96305 oJ3l mommgye mggdo s Lgbmbdo hodmbogbls ws bognrgdl,
>0l oy oMo 53 Fgbrgb3osdo goblbgoggds. yomgmmgdds sShggbs, @ma
bodbowos dbowmmn V. mgol hsdmbowgbols @dHgbeo, Lowsig gm@gans-
300l gmgxoEogbdo =036 >20'T =0.31.

Q1% Q% Q3%

R[] Al I ey
AKN p .l t VEfJA\A N P TR F K
[ W R RETT NV RETWETT 'LJ/WV“ \JW

nnnnnnnnnnnnnnnnnn N FLPLPL LSS

y =0.0903x +15.795 Q6%
R'=0016

Y =0.0897x +17.216 " ¥ =0.0098x + 10.42
e

L

y =-0.0598x +5.8785
R =0.0526

::: y =0.0186x + 5.0488 ::; y =-0.0261x +5.3237
1o R’ =0.0057 - R =0.0129
P LT A 2 : ]\' A a ?\M
: T : il

FELLEEL LS

y =-0.008x +5.3032

o L T s

1 "“VV‘WWWT“ T WV T WUV%WAWW\.

bob. 1.
9Ombsodo Bg9bpgbios (owgdomo) seol II, III, IV, XI s XII
03990do, godymxzomo — VI, IX mgggddo. dowgdygmo jmeagmsiools
d60dgbgermdgdo  gmgdoo @opol Lobom, Gmam® 3 ©ogdomo sbggg
9oBgmBomo, dmEgdgemos 3bdogmgddo 5 s 6, MmIgaoi Lsdysmgdsl
3359 93L  @ogobo@olbmm  3gomgdomdbols  Ggbgbos  jmegmsiools
Lowowols dobgogom.
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gb®ogoo 5.

Ne Q

r »33 r A
L. 0.36 v 0.19 v
2. 021 v 0.15 X
3. 0.20 X 0.12 XI
4. 0.19 VII 0.11 I
5. 0.15 I 0.11 I
6. 0.15 VI 0.04 X1
7. 0.13 XII -023 IX
8. 0.11 X -0.17 v
9. 0.08 111 -0.17 VII
10. 0.06 11 -0.16 Vil
11. -021 Vil -0.07 VI
12. -0.09 IX -0.07 I

gboogoo 6.

N'g Q

r Lgbmbo r Lgbmbo
1 0.23 XII-11 0.09 XII-11
2 0.20 1-v 0.01 IX-XI
3. 0.09 IX-XI -021 VI-VIII
4 0.01 VI-VIII -0.08 n-v

OmamAO3 sEeg 530b0dbgm dogsfamoydo asbsfoamgdbol (3g35a09-
bdomdols Bgbegbiools dglifogamolsmgols ymggaFanoydo dmbsigdgdols-
0ngol  aodmgmgomgm  hodmbowgboll  mommgygmo  mgol  Fgemogoo
303963960 Faroyg®o 3bodgbgermdbowsb [2]. bobob 2-Fo dmygobogros
hodmbowgbols  3omggamo  mgggdol  Faroydowpsh  Fgmomo  %-To
05330039090 3gMomeol 2o5bdogemdsdo. G@mgbool dggolgdolomgols
3003963 9oL ©S 0200 bemddgdls Dol 3G gasiEools
309803096@ 0L 360dgbgermdgdo dmygsbogos  EbGog 7-Jo.
gboogoo 7.

()

30
I|II|III|IV|V|VI|(VII|VIII|IX|X | XI [ X1

r
-0.02 ] -004 [ -004 [ 0.11 [ 013 [ 0.02 [ 007 [ -0.11 ] -023 [ -0.03 [ 0.02 | -0.03

Omam@3 53 bobobowsb hobl o@ dgodhbggs Hodmbowgbols To-
aofmogdo  gobofoggdols  Fgbwgbios, Jmegmszools  3mggnoEogbdol
4390 mgobomgols bymmsb sbanmbss, dbmame V mggdo =023,
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hodmboggbols o bogngdgool  (3gomrgdommdol  gHmmdenogds
Sbogrobds, ggohggbs M3 bAswsmbol ©s mgdsmdbol Ggbogbiogdo
3oblbgoggdgmos 3o 3gyemo mgggoobmgoli s bygbmbologol ws bod-
boo  FMgbo  dbm@me  dgbygmg  mggdo  dgobodbgds. 3o 3gymo
0399000 ho@o®gdygmmo sbao®odo @M dg@ 0bxgm@dsiosl agodemggls
> 9ROMm bsodgoms, gopeg Faoyg®o hsdmbswgbols.

= jbovitveneiodivn = o s
/\\[ﬁa /\:/‘SQ‘W]\V/.\V/\ N A L . A\ k/\

bob. 2
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I60)MBR030 LBHSBGOLBHN3IG0 S6SROBO/y@Hoameos §., Sarogg@sdgoao 3.,
B®S350dg g, dMgagedy . 303b5dg w. byggbos b, gmgsos b/ 330-L FOmIsms
30900 -2008.-3.115-33. 105-111- Jodon; @gb. Jodm., obaen., Gqb.
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30bo®ols  Hodmbswgbols ©s dolo  dodomswo  a56ds300Mmdgdgmo  goJ@madols
bogngdgdol  3gamoagdols  3obmbbmBogmgdols gOHmmdemogo dggslgds [Hgogo
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JOINT STATISTICAL ANALYSIS OF THE RIVER FLOW AND PRECIPITATIONS FALLEN IN BASIN
ON THE BACKGROUND OF THE CLIMATIC CHANGE./.Grigolia G., Alaverdashvili M., Tra-
paidze V., Bregvadze G., Kiknadze D., Khufenia N., Kokaia N./. Transactions of the Geor-
gian Institute of Hydrometeorology. -2008. - 1.115. — p. 105-111. - Georg.; Summ. Georg.;
Eng.; Russ.

On the background of global warming of the climate, the joint evaluation of the river
flow and changes in precipitations, its principal stipulating factor by linear regression and
trend (with the correlation coefficient between the random number and its ordinal number)
is extremely urgent. The trend of average monthly and seasonal discharges of the Vere river
(I-V, VI-VII, IX-XI, X11-11) and precipitations is estimated. The trend of the percentage
ratio of the annual individual monthly discharges has been calculated with the aim of estab-
lishing the within-year variability. The correlations between the flows in the specified
periods and precipitations have been determined.

YK 551
COBMECTHBI CTATUCTHYECKUIA AHAJIM3 PEYHOTO CTOKA M OCAJIKOB HA ®OHE
W3MEHEHUE KJWMATA./['puronus T['.JI., AnasepmamBwin M. 1., Tpamaumze B. 1.,
BperBamze T'.U., Kuknanze J.I'., Xybenus H.I'., Kokaus H.I'./. C6.TpymoB Uucruryra
T'unpomereoponorun ['py3un. —2008. — 1.115. — ¢. 105-111. — I'pys.; Pe3. I'py3., Axr.,Pyc.
Ha ¢one rmobampHOr0 moTeIUIeHHe KIMMaTa BECMa aKTyalleH COBMECTHAs OIEHKa
3aKOHOMEPHOCTH N3MEHEHUs PEYHOT0 CTOKA M OCHOBHOTO €ro 00yciaBiuBaroniero ¢gakropa
0CaJIKOB JIMHEHHOH perpecuedl M TPEHIOM (KOPPENSIHOHHBIM KOA(PQUIMEHTOM MEXIy
ClTyqaifHOW BEJMYMHON U ee MOPSIKOBBIM HOMepoM). OneHeHa TPeH bl CpeTHEMECTIHBIX U
cesonnbix (I11-V, VI-VIII, IX-XI, XlI-1l) pacxomoB Bomasl u ocagkoB p. Bepe. s
OIpEe/IeNICHNs] BHYTPHIOJOBOTO M3MEHEHHs BBIUUCICHH TPEeHA MA0NH (B MPOLEHTAX)
OTAENBHOTO MECSIYHOTO CTOKa OT romoBoro. OIeHeH KOPPEISIHOHHBIE CTOKa M OCaJKOB
OTMEYEHHBIX IepPHO/IOB.
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1975/76 | 21 1,95 3,64 1,69 86,7 295 357 62 21,0
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1978/79 | 21 | 4,96 3,63 1,33 26,8 364 356 8 2,2
1979/80 | 18 29 3,61 0,71 24,5 308 354 46 14,9

IL.

mndogo dgtomwo (IV-X) Q;1=21+0,069N;; X;,1=632+2,09N;

1975/76 | 21 | 13,6 224 8,8 64,7 655 676 21 32

1976/77 | -4 12,8 20,7 7,9 61,7 785 624 | 161 | 205

1977/78 | 23 | 16,5 25,6 9,1 49 666 680 14 2,1

1978/79 | 21 | 18,5 224 3.9 21,1 575 674 99 17,2

1979/80 | 18 | 20,5 222 1,7 83 711 670 41 5,8

1. Yenoydo (I-XII) Qi41=13,4+0,044N;; X;11=942+3,11N;

1975/76 | 21 | 8,75 14,8 5,6 63,8 949 1007 | 58 6,1

1976/77 | -4 8,6 13,2 4,6 53,5 1076 929 | 147 | 137

1977/78 | 23 | 10,9 14,9 3,5 32,1 992 1014 | 22 2,3

1978/79 | 21 | 12,8 14,3 L5 11,7 993 1004 11 L1

1979/80 | 18 13,8 14,2 04 29 1004 998 6 0,6
(3mIogn gos 9bOgbggagmgs, %

0-5,%-3c0¢ 6,6 46,7

0-10,%-3wy 13,3 53,3

0-15,%-3y 26,7 73,3

0-20,%-9w9 333 93,3
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sd@oge bgdmo dmygeboaro Jgogygdo gombgan goegy SsbEY®-
9096 ©gd g gdsl 0dol Iglobgd, @m3 bsdm@ols Fobs 3g@Momwols (X-XII)

590mbobm3Boggmo 3GmEgbgoo aoblobmgmeggb 3mdwggbm Fanol Jow-
OmdgBgmdOmmemaogdo  LodgsEogdl  ©s  godmgemobgdymo  swgdomo
Ygogagdo  Fomdmowagbl 3936090 e bobol, @mdgmoi  Logydgeaw
5gg6s dmdsgsgmo Farols Fymol @gbygdlgool Fyommgdol (s@dmbiggg-
Ao bogngdo, 8pobo@gymo hodmbswgbo s dgobgotgeo oggdyas-
(30> — 5dE(300) 2ddmmgargdls, 533003900l MoagdTdo godm@mggdymo
9093963 960l smEagbsls, > gdyeo 09501 dmegaeodgdols,
30ddog3Mgdol 30Gmdgdol (ygoengs, Tysmwopmds) wemyms© yodmgemo-
bgdol o Loko®m LossdBoiool mmboldogdsms dgdydoggosl, Golog
0 gm0, dgonmEmEmyogdo s 3Ms]dogyeo 3bodgbgmmds ogl.
agbdoano 4. Lodotmggerml oo 3pobs®ggdols Ferogmo hodmb-
ogbols godmmgaol dggagdo bsdm@ols Fobsdgdomeols Lomdmbs ©s
Loiogol 0bgJlgool asdmyggbgdols Logdggenby

E & Vasmo
Ses 2% | 198081 ‘ 1981/82 ‘ 1982/83 ‘ 1983/84 ‘ 1984/85 |
€ 2o < e %‘
dobody — "g_io :%g 1683"% bodm@ols Fobs 3g@omols Logogobs ©s i
396ddo E; 2 2 & C? Eé Lomdmb 0bpgdlgdo, N; 52
25 € = =
=% 3
g & 22 9 26 19 1
1 2 3 4 5 6 7 8 9
Qq+1) =111+0.366N;
Qi+ g 150,0 148,0 158,0 137,0 188,0 143,0
96a @0 — 2780 Qi+ o 114,0 114 121,0 118,0 11,0 116,0
boodo 2320 AQqi+1 31,0 34,0 37,0 19,0 17,0 27,0
AQ % 276,0 23,0 234 13,9 19,3 18,9
Qi+1) =315+0.104N;
Qii+1) g 31,8 24,9 34,7 313 25,8 21,7
@ombo — 707 Qi+1) 9 33,8 40,9 342 33,5 31,6 34,8
9o 2490 AQqi+1 2,0 6,0 0,5 22 5.8 9,1
AQ % 6,3 17,2 14 7,0 22,5 9,8
Qqi+1) =13,7+0.144N;
Qi+1) g 11,2 53,1 46,4 40,9 41,7 453
Gombo — 1060 Qi+ o 46,9 45,0 474 46,4 45,1 46,2
®mbo 2260 AQi+1) 2,7 8,1 1,0 55 34 0,9
AQ % 6,1 15,3 2,2 174 8,2 2,0
Qg+1) =93+0.248N;
00h Qi+1) g 84,8 85,3 74,3 70,0 529 74,5
bo‘g(’) }‘; oo L2010 | Qe 791 | 758 | 800 | 783 | 738 | 774
¢ 2040 AQ(+1) 54 9,8 0,7 8,3 10,9 2,9
AQ % 6,7 11,1 0,9 11,9 20,6 39
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3bGoano 4-1 aopMdgengds
1 | 2 3 [ 4 | 5 | e [ 7 | 8 9
Qqi+1) =101+0.98N;
Qi+1) 93 114,0 104,0 119,0 723 80,5 102,0
&ombo — 2830 Qi+1) 3 108,0 1040 110,0 107,0 101,0 106,0
sEn3obo 1810 | AQun) 50 0,0 9,0 150 | 205 | 40
AQ % 53 0,0 7,6 16,8 25,5 3,8
Qi+1) =399+1.317N;
Qg+1) 93 460,0 4540 446,0 365,0 375,0 421,0
@ombo — 13400 Qi+1) ) 4280 411,0 433,0 4240 400,0 419,0
Lo Jmbsgodg 950 AQi+1) 32,0 43,0 13,0 59,0 25 1,0
AQ % 7,0 7,5 29 16,2 6,7 0,2
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3dR03SBHOL B3ROKRIBOL BMEDI YIROL @ILIALISOL  dSS635@NFIBOL  dST-
IXMBILIBOL FILOIRIZRMBS BIGdAI630L 35®HSITBMBIBOL dS3MII6IBOL Lo>-
B33INBI/dg0e0dg0em0 b.o., (306335dg 0., 3003000 g, obdg@sdsbsbmgo b..,
3Odasdsbodgoamo b., JodosTgogmo ., dodgomgo @./330-l FOMBsms 3Agdyeo
-2008.-®.115-p3. 112-121- Jodo; ®9b. Jodm., obyen., dgl.

6530 ™m3To aobboenyeos JoA®MIGHIMIOM@MA0YH0 s g0Mggdg00l VgV-
43900 300md9dd0 Fyaol @Ggbydlgdol Fgommgools (s@Imbeggdgmo boangdgdo,
dobodgymo  hsdmbowgbo, dgobgo@ymo  o3dymsos—sdmszos)  dsbslbosmg-
bangdols aodmmgmol dglsdm gdemmds 5@Inbygaml @gbdodybgol 3smedgB@g-
b0l Loggydgganby. dggslgdgmos dpobstgms Fymol @gly@lbgool 3o@edgd-
g0 moéomo, (3030 s F@oydo 3gMomegdolbsmgol. s@ssbmEo®goygmo  ©s
sbmEodgdygmo Moygdol dgdmbgggsdo gogagoo wo@gdomos, bébgganygmas
Pgo0p96L 80-98%.

UDC 555.48.215.2

A POSSIBILITY OF IMPROVING THE CALCULATION OF WATER RESOURCES BASED ON THE
APPLICATION OF THE MOISTURE CIRCULATION PARAMETERS AGAINST THE BACKGROUND
OF A CLIMATE CHANGE./Begalishvili N.A., Tsintsadze T., Tsomaia V., Akhmedrabdkhanov
Kh., Kochlamazashvili N., Kitiashvili L., Mammedov R./.Transaction of the Georgian
Institute of Hydrometeorology — 2008 - vol.115 — p. 112-121. — Georg.; Summ. Georg.;
Eng.; Russ.

The work deals with a possibility of calculation of the characteristics of sources of
water resources (precipitation, river runoffs and glacier accumulation-ablation) based on the
moisture circulation parameters, under conditions of suspended hydrometeorological
observations. The calculations of river water resources’ parameters are given for warm, cold
seasons and annual periods. For the non-associated and associated series, the results are
positive, provision is within 80 to 98 percent

VK 551482152

Bo3moskHOCTB yJydlleHHs] pacyéTa BOAHBIX pecypcoB Ha ¢oHe U3MEHEHHMs KJIMMATa ¢
HCMOJIb30BaHHeM mapameTpoB Biaarootapora./berammmumn H.A., Huanamse T.H.,
Homas B.II., AxmenpabamxanoB X.A., Kounamazamsuin H.I'., Kurtuamsumu JIP.,
Mawmenos P.M./.C6.TpynoB MHctutyta I'napomereoposoruu I'pysuun. —2008. — 1.115. — c.
112-121. — I'pys.; Pes. I'pys3., Axr.,Pyc.

PaccMOTpeHBI BO3MOXKHOCTH pacuera MapaMeTpOB HCTOYHHKOB BOJIHBIX PECYpcoB
(atmMocdepHbIe 0CaaKH, peYHOH CTOK U JICAHUKOBbIC aKKyMYJISILIUS — aOJISLHs) IS TEIJIoTo,
XOJIOZHOTO ¥ FOJZIOBOTO MepHro/ia Ha pekax ['py3un, Ha OCHOBE MapamMeTpoB BIaroodopoTa B
aTMocdepe. Pe3ynpTaThl NPOBEPKH HEOCCOLMPOBAHHOTO K OCCOLMPOBAHHOTO PsIIOB
HaOIroIeHUH TonoKUTeNbHbIE. O0ecieueHHOCTh MeToga cocToBisieT 80-98%.
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TPYAbl UHCTUTYTA THIPOMETEOPOJIOT'UU T'PY3UU, TOM Ne 115

Kopnzanze A. A., lemerpamsuiau /1. U.

M. Hooua uncmumym zeogpuzuxu, I py3us

YK 551.465.5
MOJE/MPOBAHHUE U ITPOTHO3 HUPKYJIAIIMOHHBIX
MNPOLECCOB YEPHOI'O MOPA

1. Beenenne

NzydeHnue ruapoTepMoINHAMHUECKUX TpolieccoB B UEpHOM Mope U
CO3/1aHHE ONEPAaTUBHOW CHCTEMBI IMAarHo3a M MPOTHO3a COCTOSHUS MOpS,
SBJISIETCS. OJJHUM M3 TJIaBHBIX BOIIPOCOB okeaHorpadun Yépuoro mops. s
OCYILIECTBIICHHUS 3TUX IIeJiei OONbIIOe HayYHOE M MPAaKTHUECKOE 3HAUCHHE
UMeeT pa3padoTKa TaKMX MaTeMaTHUYECKHUX MOJENEH, KOTOphIe CIIOCOOHBI
peabHO BOCIIPOM3BOIUTH NMPOLIECCHI, MpoTeKaromue B YEpHOM Mope.

B Hacrosiee BpeMsi y Hac U 3apy0ekoM pa3paboTaHBI MPOTHOCTHYE-
CKHME MOJeNU NUHAMHUKU YEpPHOro Mops, KOTOphIE IOCTATOYHOW aJeKBaT-
HOCTBIO BOCIIPOM3BOJIAT OCHOBHBIE YEPTHI IUPKYJIALMOHHBIX IpoIieccoB [1-
11].

Lenpto HacTOSIIEH CTaThU SBISETCS OMUCAHME HEKOTOPHIX pe3yibTa-
TOB MOJICJIMPOBAHUS THAPOTEPMOJTMHAMHYECKUX TMPOIIECCOB BO BcEM Oac-
ceiftne n I'py3uHckoMm cexkrtope UEpHOTo MOpsi Ha OCHOBE OApOKIMHHBIX
MPOTHOCTHYECKUX MoJielieil o0mieil (IpocTpaHCTBEHHOE pa3pelleHne S5 KM)
Y PETHOHAJIBHON MUPKYISIIUK (TIPOCTPAHCTBEHHOE pasperieHre 1 kM), pas-
BUTHIX B IHCTHTYTE Teodu3uku um. M. Hoawma.

2. Onucanue Moe/IH o01IeH NMPKYISIIHA

YucnenHast, 0apOKJIMHHAS MMPOTHOCTUYECKAss MOJEIb AMHaMuku UEp-
HOI'O MOpSl OCHOBaHa Ha MOJHOW CHUCTEME YpPaBHEHUH TUJIpOTEPMOJIMHA-
MHUKH OKE€aHa B T'HMJIPOCTaTHUECKOM IMPHOIMKEHUH, 3aucaHHon B Jlekap-
TOBOW CHUCTEME KOOPAMHAT JJISl OTKJIIOHEHNUH TEPMOJIUHAMHYECKUX BETTHINH
OT COOTBETCTBYIOIMX CTaHJAPTHBIX BEPTHKAIBHBIX pacrpeeneHuid |8,
10]. Mogenb y4uThIBaeT: peibed MOPCKOTO JHAa M KOH(Urypamuio Oac-
ceifHa, atMocepHoe Bo3aelcTBHE, BOL0OOMeH Mexay YEépHeiM U Mpa-
MOPHBIM MOPSIMHU Yepe3 TposiuB bocdop, pednoii ctok /lynas, mornomenne
MOBEPXHOCTHBIM CJIOEM MOps CYMMapHOM COJHEYHOW paauanuu, Hpo-
CTPAaHCTBEHHO-BPEMEHHOE M3MEHEHHE K03()(UIIMEHTOB rOPU30OHTAILHON U
BEPTUKAIBHOW TYpOYJIEHTHOH BS3KOCTH U IU(Qy3uH, YepeIoBaHUE THUTIOB
atMoc(epHOH LUPKYJISAINKM, Pa3BHBAIOIIMXCS Haa akBatopuei UEpHoro
Mopsi.  Monenb MO3BOJISET YUYHTHIBATH aTMOC(HEPHOE TEPMOXAJIHMHHOE
BO3/ICMCTBHE KaK yclOBHsAMHU Jupuxie, MyTEM 3alaHUsl TeMIepaTypbl U



CONEHOCTH Ha MOBEPXHOCTH MOpS, Tak M ycioBusimMu Heiimana, mytém 3a-
JaHWs IOTOKOB TeIlIa, UCIApEeHUs U aTMOC(EpHBIX OcaakoB. Berpooe
BO3/ICHCTBHE aTMOC(epbl YUHTHIBaeTCS 3aJaHHEM Ha MOBEPXHOCTH MOpS
KOMITOHEHTOB TaHT