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METEOROLOGICAL INDICATORS ANALYSIS
OF THE TAMBUKAN LAKES AREA AS A BASIS FOR UNDERSTANDING
THE FORMATION OF THEIR WATER-SALT BALANCE
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Due to the lack of a dedicated meteorological station in the Tambukan Lakes
area, alternative approaches are required to obtain reliable climate data. This study
addresses this gap by applying spatial interpolation techniques. The methodology
is further complicated by the region’s intricate topography, which significantly
affects local temperature distribution. The article presents the results of reconstruc-
ting mean annual air temperatures in the Tambukan Lakes area due to the absence
of local meteorological station (MS) data. Using geoinformation technologies based
on the LLRA (Linear Lapse Rate Adjustment) method, observations from seven
nearest MS (1955-2025), and the Shuttle Radar Topography Mission (SRTM)
digital elevation model, the adjusted mean annual air temperatures for the lakes
have been calculated. A comparison of the obtained values with the MS network
data using Pearson’s correlation coefficient has revealed the highest similarity with
the station “Mineralnye Vody”. Notably, the analysis demonstrated that despite the
relatively short distance between the lakes and the “Mineralnye Vody” MS,
systematic temperature differences persist due to elevation and local microclimatic
conditions. This finding underscores the importance of elevation-based corrections
rather than relying on raw station data. A detailed analysis has shown that the
Tambukan Lakes area is systematically colder by 0.74°C, with a root mean square
error of 0.8°C, which is considered acceptable. Annual precipitation totals have not
been used as a primary criterion due to the complex relief of the Ciscaucasia Region,
which influences air mass transport. The feasibility of using data from the
“Mineralnye Vody” MS, for subsequent calculation of the water-salt balance of the
lakes has been substantiated.
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Introduction. Tambukan and Lake Maly Tambukan (Sukhoye), has been
driven by the fact that these lakes are characterized by an unstable water regime,
which can cause a deterioration in the quality of the therapeutic mud. The water level
of the waterbody is prone to sharp and rapid fluctuations, the nature of which has
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been described in [1]. Some of the main factors and processes causing changes in the
water level of the lakes include: the amount of atmospheric precipitation, its
frequency and duration, air temperature, evaporation, and the characteristics of the
transformation of atmospheric precipitation on the land surface and groundwater,
which are necessary for calculating the inflow and outflow components of the water
balance [1].

However, to quantify the impact of most of these factors, especially atmosphe-
ric precipitation and air temperature, long and continuous series of meteorological
observations directly in the lake area have been required.

In their initial attempts to analyze the annual trends of climatic parameters in
the area of Lake Bolshoy Tambukan, the authors have encountered some limitations,
expressed in the absence of some data. The “Bolshoy Tambukan” station was likely
closed in the mid-2010s, which has made direct measurement of climatic parameters
in the immediate vicinity of the lake impossible, while data from the “Pyatigorsk”
meteorological stations (MC) ceased to be published in official compilations in the
late 1990s and has only become publicly available again in the last few years. In this
regard, the authors have been forced to look for a MC that could be considered
“representative” for further research series on Lake Bolshoy Tambukan.

To achieve this goal, data from the MC closest to the study site have been
processed, and, based on these data, the reduced average annual air temperatures in
the area of Lake Bolshoy Tambukan have been calculated using geoinformation
methods. This has subsequently served as a comparative basis for selecting the MC
with the most comparable climatic conditions.

Materials and Methods. The Tambukan Lakes are the main sources of
centralized extraction of therapeutic mud, which belongs to siliceous sulfide peloids
possessing unique healing properties. Due to this, they found wide distribution and
application in various health resorts not only in the North Caucasus, but also in more
than twenty other constituent entities of the Russian Federation (RF) [1-5]. They are
located on the territory of two constituent entities of RF — Stavropol Krai and the
Kabardino-Balkarian Republic (KBR), the border between which crosses the lake’s
water area from West to East and Southeast along the long axis and has a total length
of about 2500 m [4, 5], and are separated by a narrow isthmus elongated in a
submeridional direction. Lake Maly Tambukan is a drying lake and is filled with a
0.2-0.4 m water layer only in spring and early summer. The river net in the area of
Lake Tambukan is developed quite well. All rivers flowing here belong to the Kuma
River basin.

Lake Bolshoy Tambukan is located on the Kabardian Plain, 12 km from the
City of Pyatigorsk [6, 7] and is a drainless waterbody that formed in the Late
Neopleistocene-Holocene [8]. The relief of the area is a gently hilly plain with rolling
watersheds. From the North and Northwest, the basin is framed by the Goryache-
vodsk Plateau (600-624 m), from the West by Mount Stolovaya (678-715 m) and
the laccolith Zolotoy Kurgan (886 m), from the South by the Zolskoye Plateau
(600-650 m), while to the East, the plain gently merges with the valley of the Etoka
River [2], which, together with the Yutsa and Zolka Rivers, are the largest and closest
flowing to the lakes. The Etoka River is located closest to the lake. In geological-
structural terms, the study area is confined to the Eastern wing of the Kavminvodsky
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uplift, which is part of a large transverse Elbrus—Stavropol rise [8, 9]. The territory
is composed of a thick sequence of Meso-Cenozoic terrigenous-carbonate deposits
overlying dislocated Paleozoic rocks [8, 9].

Since 1972, an unprecedented rise in the water level of Lake Bolshoy
Tambukan has been observed, accompanied by an expansion of its boundaries and
an increase in the volume of the water mass. Thus, during the period 1972-2015,
the surface area of the lake increased almost 1.5 times (from 1.58 km? in 1972 to
2.29 km? in 2015), and the volume of its water mass increased 16 times (from
714.7 thousand m* in 1972 to 11,379 thousand m* in 2015) [5, 10]. Due to the
continuing rise in the lake’s water level, two main threats arose: the desalination of
the salt water, whose mineralization decreased to 25 g/dm?, and the possibility of the
erosion of its shores and the federal highway R217 (M29) “Kavkaz” by the lake’s
waters. The observed rise in water also affected the quality of the therapeutic sulfide
muds, which are not only not inferior to the well-known peloids of the Dead Sea, but,
by some balneological parameters, exceed them [1, 2]. Therefore, the issue of
identifying the causes of the changes in the lake’s water level became extremely
relevant at the present time. However, despite numerous studies of the components
of the lake’s water balance, scientists did not manage to reach an unambiguous
conclusion about the causes of the variations in the lake’s level regime [2, 3]. In this
regard, in this communication, we attempted to study the behavior patterns of several
important hydrometeorological parameters, both at the local and regional scale.

One of the main inflow components of the water balance of Lake Tambukan
is surface runoff entering the lake from the catchment area. The formation of surface
runoff occurs under the influence of physical-geographical factors characteristic of
the catchment area of the waterbody in question. To determine the main physical-
geographical characteristics of the Lake Tambukan catchment area, such as the area
and average elevation of the catchment, cartographic material at a scale of 1 : 25 000
was used. Fig. 1 shows a section of the map used to determine the physical-
geographical characteristics, with the catchment boundaries marked. Cartographic
analysis, which was verified in [10], made it possible to determine the average
elevation of the Lake Bolshoy Tambukan catchment, which amounted to 607 m
above sea level. The catchment area of Lake Bolshoy Tambukan, due to the
constantly growing surface area of the lake, is not a constant value and changed from
18.06 km? to 17.34 km? during the period from 1972 to 2015.

Here is the translated text, following the rules of scientific English.
The present perfect is used where appropriate (e.g., for stating established findings,
results that remain relevant, or actions with present relevance), while past simple is
used for specific past actions or observations. Other tenses (present simple, etc.) are
used as needed.

The climate in the area of Lake Bolshoy Tambukan is characterized as
moderately continental, typical of the foothill belt of the North Caucasus, with
insufficient moisture, hot summers, and cold winters [11]. The long-term average
annual air temperature has been recorded as 8.4°C, while the average monthly
temperature in January drops to —4.8°C [2]. The number of sunny days per year
reaches an average of 110, and the duration of the frost-free period is 173 days [2].
A characteristic feature of the microclimate of the lake area is a lower air temperature
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(especially in winter) compared to adjacent territories, which is associated with the
orography and the presence of the water bodies themselves. The surface area of Lake
Bolshoy Tambukan is about 1.9 km?, with a maximum depth of up to 3.1 m [8].
The lake is probably fed at present mainly by rainwater and meltwater flowing down
the mountain slopes.

..............
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Fig. 1. Catchment area map of Lake Bolshoy Tambukan.

This study has used data from instrumental observations of MC in the
Mineralnye Vody Region for the period from 1955 to 2025 [12]. Two main parameters
have been subjected to analysis: average annual air temperature (°C) and annual total
atmospheric precipitation (mm). Time series processing, identification of main
statistical characteristics, and assessment of the presence of trends have been carried
out using descriptive statistics methods. To verify the strength and reliability of the
identified relationships between climatic parameters, the Pearson correlation
coefficient (r) was applied.

The assessment of the strength of the correlation was carried out in accordance
with the Chaddock scale, which is widely accepted in geographical research, and the
statistical significance of the obtained coefficients was tested by comparing them
with tabulated critical values for the corresponding number of degrees of freedom
(n—2) and an accepted significance level (p < 0.05). The application of this statistical
apparatus has made it possible not only to quantitatively assess the relationships
between elements of the climatic system but also to determine the reliability of the
conclusions drawn.
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Given the significant landscape and orographic diversity of the study area, the
authors have analyzed 7 MC closest to the study lake, the grid of which covers the
entire water area of Lake Bolshoy Tambukan (Fig. 2): “Mineralnye Vody”,
“Georgievsk”, “Prokhladny”, “Nalchik”, “Tyrnyauz”, “Kislovodsk”, “Pyatigorsk™.
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Fig. 2. The net of MC chosen by the authors for the research.

In the net under consideration, the station farthest from the lake is
“Prokhladny”, located at a distance of approximately 72 km. This same station is
situated lower than the others in terms of relief, at 210 m a.s.l. The closest station,
“Pyatigorsk”, is about 11 km away. The highest elevation is observed at the Tyrnyauz
station — 1300 m a.s.l. (Fig. 1).

Subsequently, the reduced average annual atmospheric air temperatures for
each station have been obtained using the linear correction method for vertical
temperature gradient, or Linear Lapse Rate Adjustment (LLRA), described in detail
in [13]. This choice has been justified by the method's ability to account for the
influence of relief on the temperature field, as well as its relative simplicity and
computational efficiency when working with long-term data series. The SRTM v.3.0
(Shuttle Radar Topography Mission) digital elevation model with a spatial resolution
of 1 arc-second, which corresponds to about 30 m on the ground, was used as the
source of relief data. Temperature interpolation methods that account for digital
elevation models have been widely used to construct climatic maps in areas with
complex orography [14, 15].

The implementation of the method in the QGIS 3.40.0 geographic information
environment included the following steps. Reduction of values to a reference
elevation using the formula [13]:

Tred. = Tact. +v(AH),
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where T IS the average annual temperature at the MC, °C; y is the vertical
temperature gradient, 0.6°C/100 m; AH is the difference between the elevation
of the MC and the elevation of Lake Bolshoy Tambukan, m.

Interpolation of the values reduced to the level of Lake Bolshoy Tambukan.
In this study, the interpolation of annual air temperatures has been performed using
spline interpolation (Multilevel B Spline Interpolation). This algorithm creates a
smooth surface passing through the MC points and produces plausible isotherms,
eliminating stepwise artifacts and the bullseye effect.

Reverse recalculation of the values to actual elevations using the formula:

Tred. = Tact. — Y(AH).

Since the temperatures were reduced to the level of Lake Bolshoy Tambukan,
and not to sea level as in [13], this step was only necessary to eliminate systematic
bias. The difference between the back-calculated temperatures and the temperatures
measured at the stations was 0°C.

Next, the reduced average annual atmospheric air temperatures and the data
on average annual temperatures recorded at the stations have been subjected to
correlation analysis in order to identify their relationship. Based on the calculated
correlation coefficients, the most representative meteorological station has been
selected. Trends of the calculated and actual average annual air temperatures have
been constructed. The deviations between both parameters have been analyzed, and
to assess the stability of the approach, the root mean square error (RMSE) has been
calculated using the formula:

1 n
—2 AT?,
n i=1

where AT; is the difference between the reduced average annual temperature and the
average annual temperature at the presumed “reference” station, °C.

Results and Discussion. Pearson correlation coefficients between the obtai-
ned temperature values and the actual data from seven MC that have operated during
different periods within the Caucasian Mineral Waters Region are presented in Table.

RMSE =

Correlation coefficients between reduced average annual atmospheric air temperatures
and average annual temperatures according to MC data

Meteorological station Pearson correlation coefficient, r
Mineralnye Vody 0.966
Georgievsk —0.005
Prokhladny 0.870
Nalchik 0.916
Pyatigorsk 0.381
Kislovodsk 0.921
Tyrnyauz 0.464

A very high positive statistically significant correlation with the reduced
average annual temperatures has been observed at three MC: “Nalchik”,
“Kislovodsk™, and “Mineralnye Vody”. The correlation coefficients were 0.916,
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0.921, and 0.966, respectively, p < 0.05. A high positive statistically significant
correlation has also been recorded for the “Prokhladny” station, r = 0.870, p < 0.05.
A moderate positive statistically significant correlation has been observed at two MC:
“Pyatigorsk” and “Tyrnyauz”, r = 0.381 and 0.464, respectively, p < 0.05. Among
those presented, no correlation with the reduced average annual atmospheric air
temperatures has been observed at the “Georgievsk “MC. It is noteworthy that the
strongest correlation with the reduced average annual atmospheric air temperatures
at Lake Bolshoy Tambukan has been identified at the “Mineralnye Vody” MC,
whereas the “Pyatigorsk™ station is located significantly closer to the study site.
The reasons for this include both gaps in the data from the ‘“Pyatigorsk” MC from
1998 to 2013 and the location of the point at the foot of Mount Mashuk, which
creates local microclimatic conditions not characteristic of the open area near Lake
Bolshoy Tambukan. The “Mineralnye Vody” MC is located on a plain, in a foothill
zone similar to that of the lake, without sharp orographic transitions, which has
provided a more homogeneous temperature field. The performed correlation analysis
has allowed the authors to conclude that the highest comparability exists between
the calculated temperature data in the area of Lake Bolshoy Tambukan and the actual
data from the “Mineralnye Vody” MC. Therefore, this station is subsequently used
as a reference for constructing trends, calculating deviations, and verifying the
obtained results.

Fig. 3 presents a graph of the reduced average annual temperatures at Lake
Bolshoy Tambukan according to the LLRA method and the actual average annual
temperatures according to the reference MC data for the observation period
(1955-2025). Both trends demonstrate an increase in average annual atmospheric air
temperatures. Furthermore, at both locations, the rate of temperature increase is
0.033°C per year, which is equivalent to 0.33°C per decade.
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Fig. 3. Trends of reduced average annual temperatures at Lake Bolshoy Tambukan according to the LLRA
method and actual average annual temperatures according to data from the “Mineralnye Vody” MC.

In general, the average annual air temperature in the area of Lake Bolshoy
Tambukan over the 70-year period has been lower than at the “Mineralnye Vody”
MC. This is particularly evident in Fig. 4.
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Fig. 4. Deviations of reduced average annual temperatures (LLRA) from actual average annual
temperatures according to data from the “Mineralnye Vody” MC over 70 years.

On average, the data from the reference MC have exceeded the reduced data
by 0.74°C. The range of deviations was 2.3°C. The maximum deviation was 1.2°C
(2015). Although for the entire dataset, 2015 was one of the warmest years, in this
case it rather indicates an outlier associated with overestimation of temperature by
the interpolation method that uses a constant temperature gradient. In abnormally
warm years, the actual gradient may be smaller, especially under stable anticyclonic
weather. The exceedance in 2000 of 0.3°C is likely related to an interpolation shift
due to missing data in a number of stations, which made the grid incomplete. Despite
the artifacts present in some data, their number has been insignificant in the context
of the entire study period.

The root mean square error for the average annual temperatures has been
0.8°C, which, together with the high correlation coefficient (0.966), in our view
indicates the high accuracy of the applied LLRA method and the possibility of using
data from the “Mineralnye Vody” MC for studying the water balance of Lake
Bolshoy Tambukan.

Based on the data obtained by reconstructing the average annual temperatures
over the territory covered by the MC net, maps have been constructed (Fig. 5)
showing the temperature dynamics in 10-year intervals: for 1955, 1965, 1975, 1985,
1995, 2005, 2015, and 2025 (the average annual air temperatures (°C) in the lake
area for these years were: 9.6, 8.4, 9.2, 7.8, 9.6, 9.6, 12.6, and 10.8, respectively).
In general, the cartographic material reflects the situation observed in the
temperature graphs (Fig. 3). Throughout the entire territory, as well as in the area of
Lake Bolshoy Tambukan, an increase in average annual temperatures has been
observed. This is particularly evident in the lowland areas, where since 1995 the
temperature gradient has begun to equalize, reaching higher values compared to
1955-1985. Warming has also been observed in the highland parts near the
“Tyrnyauz” station. For 1955 and 2005, negative values (down to —3°C) were
obtained there, which exceeded —1°C in 2015 and 2025.

Analysis of annual precipitation totals at seven MC for the period 1945-2025
has shown that the values vary widely: the smallest totals have been characteristic of
“Mineralnye Vody” MC (minimum 171 mm, average about 460 mm), and the largest
— of “Kislovodsk” MC (maximum 1006 mm, average about 650 mm), with precipi-
tation increasing from West to East. Synchronous wet years (1970, 1973, 1977, 1987,
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1992, 2002, 2021) and dry periods (especially 1955, as well as 1998 and 2022-2025)
have been observed at all stations, indicating common climatic mechanisms in the
region (Fig. 6). No long-term sustained trend has been identified (the average
correlation coefficient of the ratios of air temperature to precipitation at all stations
(r) was approximately 0.24, with the relationship between atmospheric precipitation
and temperature fluctuations being less than 6%).
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Fig. 5. Map of the distribution of average annual temperatures in the study area.
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Fig. 6. Annual totals of atmospheric precipitation according to MC data.



Proceedings of the YSU. Geological and Geographical Sciences, 2026, 60 (2), p. 206-218. 215

According to the correlation analysis, for the “Mineralnye Vody” MC (series
of average annual temperature and annual precipitation for 1955-2025), a correlation
coefficient of r =-0.21 has been obtained (Fig. 7). According to the Chaddock scale,
this value corresponds to a very weak negative relationship. The coefficient of
determination (r* =~ 0.043) shows that only about 4% of the precipitation variability
can be explained by temperature fluctuations.

700
e 0 o
1S
E 600 8 %Q Qb ° 8 8 % (6} )
g - ° 035 O%- %'?6 SO—OQ'U‘ ol
S 400 (6) o © Lo o° P
5 °) @
£ 30
g 200 o
ERRR)) y =-16.192x + 650.3
S R2=0.0427
< 0
6 7 8 9 10 11 12 13

Average annual atmospheric air temperature, °C

Fig. 7. Relationship between atmospheric air temperature and precipitation
at the “Mineralnye Vody” MC.

Statistical testing at a significance level of p < 0.05 (critical value 0.22) gives
r < 0.22; therefore, the identified correlation is not statistically significant — it may
be random. This result is consistent with the climatic features of the Ciscaucasia
region, where annual precipitation totals depend more on atmospheric circulation
than on temperature.

It is important to note that the annual precipitation totals presented in this study
are not intended to be reconstructed in the same manner as air temperature. Unlike
the temperature lapse rate, the vertical gradient of precipitation is not linear. In the
rugged terrain of Ciscaucasia, precipitation distribution is primarily governed by
orographic barriers, slope aspect, and the direction of moisture-bearing airflows,
rather than by elevation alone. Therefore, the LLRA method used in this study,
which is based on linear elevation adjustment, cannot be applied to precipitation
without developing a separate physiostatistical model. In this paper, precipitation
data are analyzed to assess their long-term variability and to test the hypothesis of a
possible relationship with temperature patterns. The absence of a significant
correlation between precipitation and temperature series (r = -0.21, p > 0.05) only
confirms that precipitation cannot be reconstructed from temperature analogues and
requires a separate approach, which the authors intend to develop in future
publications.

Conclusion. Comparison of the reduced average annual temperature series for
Lake Tambukan with the data from the “Mineralnye Vody” MC has shown a high
degree of agreement: the correlation coefficient was r = 0.96, RMSE was 0.8°C, and
the maximum deviation did not exceed 1.2°C. This confirms the reliability of the
applied interpolation method and the validity of using its results for selecting a
reference station.
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Due to the complexity of the relief and the peculiarities of air flow circulation
in the area of Lake Bolshoy Tambukan, the spatial distribution of atmospheric
precipitation cannot currently be considered a key reference point in forming an
understanding of comparable reference values. For the same reason, the authors
consider it inappropriate to apply the used interpolation method for atmospheric
precipitation data to compare with values from other MC. Since, at present, the
authors continue to work on studying the comparability of the analyzed data on total
annual precipitation recorded at the MC under consideration with the nature of air
mass transport in the area, the question remains open.

Thus, from the perspective of temperature indicators, the “Mineralnye Vody”
meteorological station has proven to be a representative reference station for
conducting research aimed at studying the formation of the water-salt balance of the
Tambukan Lakes group.
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University, with the support of the Russian Science Foundation Grant No. 24-17-
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Received 01.06.2026
Reviewed 16.06.2026
Accepted 26.08.2026

REFERENCES

1. Fedorov Yu.A. Hydrological and Hydrochemical Investigations Sulfide Lake Big Tambukan.
Science journal Bulletin of Higher Education Institutes North Caucasus Region Natural Sciences
2 (2013), 81-88.

Shcherbakov V.N. Landscape of the Tambukan Depression. National Park “Kislovodsk™ (2008).

3. Fedorov Y.A., Potapov E.G., et al. Features of Dynamics of Hydrological Parameters,
Hydrochemical, Biogeochemical Indicators and Components of Brine and Sulfide Mud of Lake
Bolshoy Tambukan. Bulletin of Higher Educational Institutions. North Caucasus Region. Natural
Sciences (2002), 72—76.

4. Fedorov Yu.A., Garkusha D.N., et al. Methane and Hydrogen Sulphide in Sulphide Therapeutic
Mud (on the Example of Lake Big Tambukan). Science Journal Bulletin of Higher Education
Institutes North Caucasus Region Natural Sciences (2014), 102-109.

5. Fedorov Yu.A. Dynamics of Atmospheric Precipitation in the Therapeutic Sulfide Mud Deposits

of Lake Bolshoy Tambukan. Engineering Journal of Don 4 (2017).

Giildenstddt I.A. Journey through the Caucasus. Diary Entries 1770-1773.

Haaz F.J. My Trip to Alexander Waters 1809-1810.

8.  Potapenko Yu.Ya., Enna N.L. North Caucasian Regional Interdepartmental Stratigraphic
Commission. Results of the Activities of Regional Interdepartmental Stratigraphic Commissions.
Issue 39. St. Petersburg, Interdepartmental Stratigraphic Committee (2010), 18-28.

9.  Fedorov Yu.A., Potapov E.G. Expeditionary Studies of the Tambukan Lakes within the
Framework of the Russian Science Foundation (RSF) Project No. 17-17-01229 “Therapeutic Mud
of the South of the European Territory of Russia: Formation Patterns, Assessment of Recreational
Resources, and Development of a Monitoring System”. Southern Federal University (2018).

10. Report on Research Work under Civil Law Contract for the Implementation of Research
Activities within the Federal Target Program “Development of the Water Management Complex
of the Russian Federation in 2012-2020” No. 67-NIR/FTP-2016, May 10, 2016. St. Petersburg,
(2016), 542.

N

~No


https://rscf.ru/project/24-17-00038

Proceedings of the YSU. Geological and Geographical Sciences, 2026, 60 (2), p. 206-218. 217

11. Alisov B.A. Climate of the USSR. Moscow, MGU (1956), 127.

12. Reference and Information Portal “Weather and Climate”.
http://www.pogodaiklimat.ru/

13. Dodson R., Marks D. Daily Air Temperature Interpolated at High Spatial Resolution over a Large
Mountainous Region: Climate Research 8 (1997), 1-20.
https://doi.org/10.3354/cr008001

14. LvQ., Sui M., et al. Preliminary Study on Near-Surface Air Temperature Lapse Rate Estimation
and Its Spatiotemporal Distribution Characteristics in Beijing-Tianjin-Hebei Mountainous
Region. Remote Sens 17 (2025), 2205.
https://doi.org/10.3390/rs17132205

15. Pellicone G., Caloiero T., Guagliardi I. Understanding Trends in Near-Surface Air Temperature
Lapse Rates in a Southern Mediterranean Region. Climate 14 (2026), 76.
https://doi.org/10.3390/cli14040076

. dLHN8ELUN, Jd. UL GULNYU, 31F. U. $ENLNY, b dL RN8ELUN

SUUeNrudv Latrp SUrdoLp 0664 NHFIATLULUUTYL
8NF3ULPGULE P JELLNFONFE8NFLLT
neMsU LULS QrdUIU3hL <UJdUUUCUUGNFE8S UYL
Q6IULNLUUL <PUR

Udthnthnid

Swidpniub j6tiph oppwlinid dwuliughnwgyuid ontiplint pupwbwjui
Juwywbth pugujumnipui wuwbwnny hnuwh  Gihdwyulub  wgyubbp
unwbwne hwdwp wbhpudbpn G wyphwpwbpuyht Unnbgnudittip: Wyu
niuntdbwuhpnipynip nonmd £ wyu pugp’ oquuuugnpdtiny mwpuwdwubh
htwntipynpughwh dhpnnitp: Ubtpnpupuwinigniah wgtjh £ pupnpuinid
wmwpuodwppewlih pupn wmbinugpnipyudp, npp qquhnpil wgnnid £ mnuijui
otipdwuwmhbwbh puwphudwb Yypu: Wu hnpduop dipuyuginid £ Swdpnijub
16tph opowitinid onh wmwptijut thehti stipdwumhbwbbtiph Ytpuunnigdwh
wnryniipbbipp” mbinujut ontiplintpupwbwlub juyubhg nyjubbph pugu-
Juwynipjud wuwmbwnny: LLRA (ninnudhg etipdwumhéwih gpunhtinh
ninnniy) dkpnnh ypw hhdjwd wphunwphwgpujul mbntjunyujut mtihubin-
Inghwtiph, dnunwiju jne ontiplin puwpwiwlub Juyutbtphg (1955-2025 pre.)
nhunwnpynidtitiph myjuitiph L SRTM pyuyhtt pupapnipjubt dnntijh dhengny
hwpJuipyyty Gb j6tiph hwdwp Ggpumyuwd mwuptjut thohtt onh okipdwuwnp-
Gwtbtpp: Unwugywd wipdtipbitiph hwdtidwwnnigynip Mhpuntth Ynnbjughuwjh
gnpowlgny ontiplmpupubtulubl Juyuwbbtph gubigh wyjuybitiph htim gnyg
E wgty wdbbwitd Odwinipmitp Uhbtpugbht dnnh  Juyubh  hbn:
<wnuipwui k, np Yyapnidnipyniip gnyg L wmwghu, np [Gtiph W Uhtpubht
dnnh Juywubdh dJdholt hwitdwwnmwpup Jupé htnwynpnipyubp  sdugwd,
hudwlupgquio  stipdwumhwiughtt mwppipnuenibitipp yuhyuwiynd G0
wuydwbwynpJuwd pupdpnipjudp b mbtnujub dhypnjihduwyujub wuydwb-
ttpny: Wyu hwymbwgnponipnip pngdnid L pwupdpnipjub pmnidutiph
Juplinpnipgmnidp” Juyubh hnmd wdjugbiiph ypu hnyup e hhnpuwntib:
Uwbpuwipiphm Ytpnidnipmibp gnyyg wwhu, np Swdpnijub [6kph opewbn


http://www.pogodaiklimat.ru/
https://doi.org/10.3354/cr008001
https://doi.org/10.3390/rs17132205
https://doi.org/10.3390/cli14040076

218 Vuenvie sanucku EI'Y. Ieonozus u 2zeozpaghus, 2026, 60 (2), c¢. 206-218.

hudwlupgquo wiytijh gnipm £ 0.74°C° 0.8°C unmwbinupun upuwny, npp
hwudwnpynid £ pngnidbih: Swptjub mbnnuddtpp 6 oqumgnpoyty nputiu
hpttwut sunhwtthy” 8hijynyjuuph pupn mbnugpnipjul wumawnny, npp
wannid £ onuyhtt qubgqyuotitiph wmbnuuhnpudwit Jpu:  <pdbwgnpjuio L
Uhttiputhti dnnh  uyubh wujbtiph  oqguwugnpodwtt  buyyumwjuihwip-
dwpniynLip 1@ph opu-wnuyhtt hwpytlpynh htmugu hwyyuplatph hwudwp:

H. B. IOLIEHKO, B. H. TABOBA, 0. A. ®EJ/IOPOB, 1. B. IOLIEHKO

. AHAJIM3 METEOPOJIOI' MYECKHX ITOKA3ATEJIEN
PANOHA TAMBYKAHCKUX O3EP KAK OCHOBA JJIs1 IOHUMAHUWA
OOPMHUPOBAHUA NX BOAHO-COJIEBOI'O BAJTAHCA

Pe3zromMme

N3-3a OTCYTCTBHS CHEeUHaIN3UPOBAHHONW METEOpPOJIOTHYECKON CTaHLIMU B
paiione TamOyKaHCKUX 03ep A1 TTOIYyYEHHsI TOCTOBEPHBIX KIMMAaTHUECKUX JAHHBIX
TpeOyIoTCsl aJbTepPHATHBHBIE MOAXOIbl. JlaHHOE HCCe0BaHMUE BOCIIOJHSET 3TOT
mpo0e ¢ MPUMEHEHHEM METOJIOB MTPOCTPAHCTBEHHOM MHTEpHOIALUN. MeTomonorus
JIOTIONTHATENBHO YCTIOXKHSAETCS M3-32 CIOXKHOW Tomorpaduu peruoHa, KoTopas
CYLIECTBEHHO BIHMSET Ha JIOKaJbHOE paclpelesieHne Ttemmneparyp. B craTtbe
NPEACTaBICHBI Pe3yJIbTaThl PEKOHCTPYKINHU CPEAHEr0/I0BBIX TEMIIEPATYP BO3IYyXa B
paiione TamOykaHCKUX 03€p, OOYCJIOBJICHHON OTCYTCTBHEM JIaHHBIX MECTHOM
meteoposoruyeckoi craHuuu (MC). C ucnonb3oBaHMEM T'€OMH(OPMALMOHHBIX
TeXHOJIOrHi Ha ocHoBe Meroga LLRA (KoppeKTHpoBKa BEpTHKAJIBLHOIO TeMIlepa-
TYPHOTO TpajIueHTa), TaHHBIX HaOmroneHni cemu Ommkaitmmx MC (1955-2025 rr.)
u 1udpoBoit monmenn penbedhpa SRTM ObuM paccUUTaHbl CKOPPEKTHPOBAHHBIC
CPEIHErOZ0BBIE TeMIlepaTypbl Bo3dyxa s o3ep. CpaBHEHHE MOIYYECHHBIX
3HadeHuil ¢ nanHHbiMH ceth MC c mpumeHeHueM Kod(dduimeHTa Koppersauuu
[Mupcona BBIABIIIO HaMOOJbBIIEE CXOJCTBO CO CTaHIMel ‘“MwuHepanbHbie Bomsr”.
[IpumedaTensHO, YTO aHAIW3 IMOKa3aJ: HECMOTPS Ha OTHOCHTENILHO HEOOJBIIOE
paccrostaue Mexay ozepamu 1 MC “Munepansubie Boasl”, coxpaHstoTes cuctema-
TUYECKUE Pa3lIniusl B TeMIepaTypax, 00yCIOBICHHbIE BBICOTOW HAJl YPOBHEM MODS
M MECTHBIMH MHKPOKIMMATUYECKUMH YCIOBHSMH. OTOT BBIBOJ TOJYEPKHUBAECT
BaXXHOCTh BBICOTHBIX IIONPABOK, @ HE KCIIOJIB30BAHUE CBHIPBIX JAaHHBIX CTAHILIMH.
JeranbHblil aHanM3 IOKa3al, 4To paiioH TamMOyKaHCKHUX 03ep CHCTEMAaTHUYECKH
xonoxnee Ha 0,74°C mpu cpennekBaaparudeckoi ommbke 0,8°C, uTO MPU3HAHO
MpUEeMIIEMBIM. [ '010BBIE CyMMBI OCa/IKOB HE HCITOJIb30BAJIMCH B KAYECTBE OCHOBHOT'O
KpUTEpHsl H3-3a CJIOXHOro penbeda llpenkaBkasbs, BIUSIOMIETO Ha IMEPEHOC
BO3AyIIHBIX Macc. OOOCHOBaHA II€JIECO00Pa3HOCTh MCIOJb30BaHMs JaHHBIX MC
“MuHepanbHbie Bogp!” a5 mociaenyronero pacueTa BOJHO-COJIEBOTo OanaHca 03ep.



