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CLIMATIC CHANGES IN THE BASIN
OF THE TRANSBOUNDARY SHU RIVER

Abstract. On the basis of multi-year information and analytical materials «Kyrgyzhydromety (Kyrgyz
Republic) and «Kazhydromet» (Republic of Kazakhstan), that is, meteorological stations located in the catchment
area of the transboundary river Shu, covering the years 1930-2017, climate change was estimated landscape catenas
in the catchment area of the Shu river basin, which showed that in the period of instrumental observations (1981—
2017) in comparison with the baseline (1941-1960) in the mountain class of landscapes (eluvial facies i) (Theo-
Ashuu meteorological station) there was a decrease in average monthly and annual air temperatures, which led to a
cooling of the climate, and an increase in precipitation increases the natural moisture content of the natural system.
At the same time, starting from the piedmont class of landscapes (transeluvial facies) to the flat subclass of
landscapes (subaccarpal facies), an increase in mean monthly and annual air temperatures and a decrease in
precipitation led to an increase in the duration of the biological active period and aridization of the climate, which
must be taken into account in the complex arrangement of the catchment Shu river basin.

Keywords: climate, catchment, river, basin, change, analysis, assessment, air temperature, precipitation,
landscape.

Relevance. Climate is the most important continuously operating environment-forming factor in the
natural system, affecting the conditions of habitat formation and human activity. The climatic conditions
of the natural system are constantly changing, that is, continuously changing, subject to the complex laws
of evolution of the climate system.

The main climate-forming factors of the catchment of river basins are natural zones, which are
expressed by meteorological indicators, that is, mainly air temperature and precipitation, which are among
the most important geographical characteristics of the natural system, strictly obeying the law of
geography - the law of geographical zonality [1, 2].

Purpose of the study is to assess the current climate change in the catchment area of the Shu river
basin and its dependence on long-term changes in average annual air temperatures and precipitation as
environmental factors.

Objectofstudy — the Shu river originating from Teskey Ala To’o and the Kyrgyz range. The Shu
River flows through the territories of Kyrgyzstan and Kazakhstan. The length of the river is 1186 km, of
which within Kazakhstan is 800 km. Catchment area is 67 500 km?. Main tributaries: right —Chong-
Kemin, Yrgayty, Kakpatas; on the left - Alamedin, Aksu, Kuragaty. In the lower reaches, the river flows
through the Kazakh territory, forming the northern border of the Moyynkum desert, dries out in the sands
only during the flood, falling into the drainless saline lake Akzhaykyn among the extensive salt marshes
of the Achykol depression [1, 2].

Materials and research methods. In the work, the long-term information-analytical materials of the
«Kyrgyzhydromet» of the Kyrgyz Republic and «Kazgidromet» of the Republic of Kazakhstan on air
temperature and precipitation were used, that is, the climatic characteristics were determined according to
5 meteorological stations located in the drainage basin of the Shu river basin covering the formation and
storage areas of the hydrological drain [3, 4]. Analysis of climatic characteristics produced using catenary
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approach which involves geomorphological schematization landscape catenas catchment river Shu basins,
characterized in zone mountain class landscapes (eluvial facies), piedmont landscapes subclass
(transeluvial facies), piedmont plains subclass (transaccumulative facies) and plain class landscapes
(superaquial and subacquial facies) [5, 6].

Research methods were formed on the basis of the level of issues to be solved, that is, to identify and
coordinate changes in the studied climatic characteristics, the estimated parameters of linear trends were
used [7].

Research results. Forecasting and assessment of climate change in the catchment area of the Shu
river basin was carried out on the basis of perennial information and analytical materials from the
«Kyrgyzhydromet» of the Kyrgyz Republic and «Kazgidromet«of the Republic of Kazakhstan on air
temperature and precipitation in the period 1940-2017, with four stages every 20 years old.The change in
air temperature and precipitation for individual periods in comparison with the base period was
determined as the difference between the climatic index of the i -th period and the baseline observation

period, that is: Af, =t, —t, and AO, =0, -0, , where At,, AO,- change in air temperature and
precipitation for individual periods; #,, O, — air temperature and precipitation of the i-th period; 7,0, —

air temperature and precipitation of the base period.From this position, a statistical description of the state
of the climate system and the variability of the characteristics of its components in different periods of
time within the framework of the geomorphological schematization of landscape catenas in the catchment
area of the Shu river basin, based on the variability of monthly and annual assessments of climatic
characteristics (table).

Air temperature change (Z;, °C) and precipitation ( O ., mm) in the drainage basin of the river Shu

ci’

Average for Average Climatic indicators during the observation period
Months 1941-1960 years 1961-1980 1981-2000 2001-2017
(base) t, At, t, At, t, At,
1 2 3 4 5 6 7 8
Average monthly air temperature, °C
Mountain landscape class (eluvial facies) - Theo-Ashuu weather station
January -11,6 -11,6 0,0 -10,9 0,7 -14,7 -3,1
February -10,8 -10,9 -0,1 -10,7 0,1 -13,7 -2,9
March -6,8 -6,6 0,2 -71,2 -0,4 -7,8 -1,0
April -1,5 -1,1 0,4 -1,0 0,4 2,7 -1,2
May 2,3 2,6 0,3 2,7 0,4 1,7 -0,6
June 6,1 6,3 0,2 6,0 -0,1 5,2 -0,9
July 8,6 8,6 0,0 9,0 0,4 7,4 -1,2
August 8,1 8,7 0,6 9,0 0,6 7,4 -0,7
September 4.5 43 -0,2 42 -0,3 42 -0,3
October -1,0 -1,2 -0,1 -2,5 -1,5 -2,0 -1,0
November -6,2 -5,9 0,3 -7,2 -1,0 -7,8 -1,6
December -9,0 -8,8 0,2 -10,7 -1,7 -12,9 -3,9
Average -1,4 -1,3 0,1 -1,6 -0,2 -3,0 -1,6
Foothill subclass of landscapes (transeluvial facies) - Baitik weather station

January -4,2 -5,5 -1,3 -3,8 0,4 -5,5 -1,3
February -3,5 -4,9 -1,4 4,1 -0,6 -5,0 -1,5
March 0,6 0,5 -0,1 -0,3 0,9 2,0 1,4
April 6,3 7,7 1,4 6,7 0,4 7.8 L5
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Continuation of table
1 2 3 4 5 6 7 8
May 11,4 12,2 0,6 11,2 0,2 13,0 1,6
June 15,1 16,7 1,6 15,7 0,6 16,9 1,8
July 18,1 19,5 1,4 18,3 0,2 18,6 0,5
August 17,2 18,1 0,9 17,5 0,3 17,8 0,6
September 12,6 12,9 0,3 12,6 0,0 13,5 0,9
October 6,6 6,7 0,1 6,2 0,4 6,5 -0,1
November 0,4 1,7 1,3 1,5 1,1 1,1 0,7
December -3,3 -2,4 0,9 -1,9 1.4 -4,4 -1,1
Average 6,4 6,9 0,5 6,6 0,2 6,9 0,5
Foothill plain subclass of landscapes (transaccumulative facies) - Bishkek meteorological station
January -3,8 -4,3 -0,5 -3,1 0,7 -2,3 L5
February -2,5 -2,9 -0,4 -1,5 1,0 -0,4 2,1
March 3,8 4,6 0,8 4,0 0,2 7,0 32
April 11,5 12,8 1,3 12,1 0,6 12,9 1,4
May 17,0 17,0 0,0 16,9 -0,1 18,4 1.4
June 21,0 21,9 0,9 22,2 1,2 233 2,3
July 242 22,9 -1,3 23,7 -0,5 25,4 1,3
August 22,8 22,9 0,1 249 2,1 243 1,5
September 17,5 17,6 0,1 18,3 0,8 19,0 1,5
October 10,5 10,6 0,1 10,6 0,1 11,8 1,3
November 1,5 3,8 23 3,2 1,7 49 3,4
December -4,0 -1,7 2,3 -0,5 3,5 -1,6 2,4
Average 10,0 10,6 0,6 11,0 1,0 10,6 0,6
Plain subclass of landscapes (superaquial facies) - Tole bi weather station
January -9,4 -9,4 0,0 -6,1 33 -6,8 1,6
February -6,3 -4,0 2,3 -4,0 2,3 -3,6 2,7
March 0,4 33 2,9 33 2,9 6,2 5,8
April 11,1 13,0 1,9 12,7 1,6 13,1 2,0
May 17,3 18,1 0,8 17,9 0,6 19,0 1,7
June 22,1 243 1,2 233 1,2 24,0 1,9
July 25,0 25,6 0,6 25,5 0,5 25,4 0,4
August 23,5 23,0 0,5 23,8 0,3 23,9 0,4
September 17,9 16,9 -1,0 18,0 0,1 18,0 0,1
October 9,0 9,3 0,3 9,6 0,6 11,7 2,7
November -1,8 -1,6 0,2 2,0 3,8 2,9 4,7
December -8,0 -4,5 3,5 -2,4 5,6 -5,1 2,9
Average 8,4 9,5 1,1 10,3 1,9 10,7 2,3
Plain subclass of landscapes (superaquial facies) —Ulanbel weather station
January -9,8 -10,6 -0,8 71,5 2,3 -71,8 2,0
February -71,5 -9,0 -1,5 -1,2 0,3 -4,9 2,6
March 0,6 0,7 0,1 0,9 0,3 4,0 3,4
April 11,1 12,2 1,1 13,1 2,0 13,0 1,8
May 18,2 19,2 1,0 18,9 0,7 20,1 1,9
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Continuation of table

1 2 3 4 5 6 7 8
June 23,3 24.4 1,1 26,1 2,4 25,5 2,2
July 25,8 25,3 -0,5 27,3 1,5 26,9 1,1
August 23,7 23,7 0,0 24.8 1,1 25,4 1,7
September 17,6 17,1 -0,5 17,5 -0,1 17,0 -0,6
October 7,8 8,0 0,2 8,3 0,5 9,8 2,0
November -2,0 0,4 2,4 0,2 2,2 1,1 3,1
December -7,2 -6,0 1,2 -5,6 1,6 -6,7 0,5
Average 8,5 8,8 0,3 9,7 1,2 10,3 1,8

Atmospheric precipitation (Od ), mm

Mountain landscape class (eluvial facies) - Theo-Ashuu weather station

January 25,0 32,0 7,0 27,0 2,0 23,0 -2,0
February 56,0 38,0 -18,0 21,0 -35,0 40,0 -16,0
March 87,0 59,0 -26,0 45,0 -42,0 54,0 -33,0
April 41,0 72,0 31,0 61,0 20,0 59,0 18,0
May 90,0 87,0 -3,0 85,0 -5,0 81,0 -9,0
June 60,0 88,0 28,0 84,0 24,0 118,0 58,0
July 64,0 67,0 3,0 64,0 0,0 92,0 28,0
August 35,0 45,0 10,0 45,0 10,0 56,0 21,0
September 50,0 43,0 -7,0 54,0 4,0 55,0 -5,0
October 44,0 66,0 22,0 71,0 27,0 63,0 19,0
November 46,0 50,0 4,0 55,0 9,0 49,0 3,0
December 30,0 37,0 7,0 32,0 2,0 51,0 21,0
Annual 628,0 684,0 56,0 644,0 16,0 741,0 113,0
Foothill subclass of landscapes (transeluvial facies) - Baitik weather station
January 19,0 19,0 0,0 22,0 3,0 24,0 5,0
February 21,0 25,0 4,0 25,0 4,0 28,0 7,0
March 54,0 48,0 -6,0 43,0 -11,0 46,0 -8,0
April 75,0 84,0 9,0 64,0 -11,0 60,0 -15,0
May 84,0 93,0 9,0 65,0 -19,0 62,0 22,0
June 86,0 75,0 -11,0 43,0 -43,0 40,0 -46,0
July 48,0 52,0 4,0 25,0 -23,0 24,0 -24,0
August 29,0 31,0 2,0 15,0 -14,0 16,0 -13,0
September 21,0 26,0 5,0 12,0 -19,0 11,0 -10,0
October 34,0 39,0 5,0 33,0 -1,0 32,0 -2,0
November 33,0 35,0 2,0 33,0 0,0 35,0 2,0
December 21,0 21,0 0,0 25,0 4,0 30,0 9,0
Annual 525,0 548,0 23,0 405,0 20,0 408,0 -117,0
Foothill plain subclass of landscapes (transaccumulative facies) - Bishkek meteorological station
January 23,0 26,0 3,0 25,0 2,0 32,0 9,0
February 27,0 33,0 6,0 30,0 3,0 40,0 13,0
March 56,0 48,0 -6,0 45,0 -9,0 51,0 5,0
April 69,0 81,0 12,0 66,0 -3,0 77,0 8,0
May 58,0 63,0 5,0 62,0 4,0 65,0 7,0
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End of table
1 2 3 4 5 6 7 8
June 43,0 36,0 -7,0 34,0 -9,0 34,0 -9,0
July 16,0 16,0 0,0 21,0 5,0 19,0 3,0
August 9,0 14,0 5,0 13,0 4,0 12,0 3,0
September 14,0 17,0 3,0 20,0 6,0 16,0 2,0
October 31,0 38,0 7,0 41,0 10,0 46,0 15,0
November 35,0 43,0 8,0 44,0 9,0 47,0 12,0
December 27,0 28,0 1,0 32,0 5,0 39,0 12,0
Annual 408,0 443,0 35,0 433,0 25,0 478,0 70,0
Plain subclass of landscapes (superaquial facies) - Tole bi weather station
January 49,0 19,0 -30,0 21,0 -28,0 29,0 -20,0
February 20,0 17,0 -3,0 21,0 1,0 28,0 8,0
March 63,0 26,0 -37,0 24,0 -39,0 34,0 -29,0
April 42,0 29,0 -17,0 25,0 -17,0 38,0 -4,0
May 50,0 25,0 -25,0 24,0 -26,0 33,0 -17,0
June 22,0 15,0 7,0 24,0 2,0 23,0 1,0
July 12,0 12,0 0,0 10,0 -2,0 17,0 5,0
August 12,0 9,0 -3,0 5,0 -7,0 10,0 2,0
September 6,0 10,0 4,0 10,0 4,0 9,0 3,0
October 21,0 36,0 15,0 27,0 6,0 39,0 18,0
November 36,0 28,0 -6,0 38,0 2,0 38,0 2,0
December 41,0 42,0 1,0 36,0 -5,0 30,0 -11,0
Annual 374,0 268,0 -106,0 265,0 109,0 328,0 -46,0
Plain subclass of landscapes (superaquial facies) —Ulanbel weather station
January 13,0 17,0 4,0 19,0 6,0 13,0 0,0
February 13,0 15,0 2,0 19,0 6,0 14,0 1,0
March 26,0 23,0 -3,0 22,0 -4,0 18,0 -8,0
April 22,0 30,0 8,0 25,0 3,0 21,0 -1,0
May 19,0 22,0 3,0 24,0 5,0 26,0 7,0
June 14,0 9,0 -5,0 9,0 -5,0 10,0 -4,0
July 5,0 5,0 0,0 7,0 2,0 3,0 -2,0
August 7,0 3,0 -4,0 2,0 -5,0 6,0 -1,0
September 1,0 4,0 3,0 4,0 3,0 1,0 0,0
October 10,0 19,0 9,0 14,0 4,0 11,0 1,0
November 14,0 24,0 10,0 22,0 8,0 16,0 2,0
December 14,0 24,0 10,0 22,0 8,0 13,0 -1,0
Annual 158,0 195,0 37,0 189,0 31,0 162,0 4,0

Evaluation of seasonal changes was made relative to the base period (1941-1960) according to the
weather station Teo-Ashu, located in the mountainous area of the catchment basin of the Shu river basin,
and showed that in the period 1961-1980,1981-2000 and 2001-2017 there was a decrease monthly air

temperatures up to -1,6°C and a reduction in the duration of the biological active period (¢, > +5°C)

(figure 2). At the same time, an increase in precipitation to 113 mm is observed (table).

When assessing the change in the climatic characteristics of the foothill (transeluvial) zone of
transformation of the geo-drainage of the Shu river basin's catchment area, long-term information and
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analytical materials of the Baitik weather station covering the years 1915-2017, which is the Kyrgyz-
hydrometstationary network of the Kyrgyz Republic, located in the foothill zone Teskey Ala- Too and
Kyrgyz Range, at an altitude of 1590 m (table and figure 2).
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Figure 1 — Comparative seasonal changes in mean monthly air temperature and an estimate of the change
in the duration of the biological active period (mountain landscape class (eluvial facies) — Theo-Ashu weather station)
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Figure 2 — Comparative seasonal changes in mean monthly air temperature and an estimate of the change
in the duration of the biological active period (foothill landscape class (transeluvial facies) — Baitik meteorological station)

Comparison of the average monthly air temperatures for the base period of 1941-1960 over the years
1961-1980, 1981-2000, and 2001-2017 in the piedmont (transeluvial) zone of the Shu river basin, based
on information and analytical materials from the Baitik weather station, showed that the largest tempe-
rature increase (at all altitudes) was observed in the warmer months -April, May, June, July, August, and
September, whereas in the cold period the air temperature drops, and in annual terms the air temperature
rises by 0.0-0.5 °C.

At the same time, there is a clear tendency for a decrease in precipitation, that is, in comparison with
the base period (525 mm), it decreases to 117.0 mm and there is an increase in the duration of the
biological active period 1961-1980 and 1981-2000, however, in the period 2001-2017, a significant
reduction in the duration biological active period.

The climatic characteristic of the foothill plain (transaccumulative) catchment area of the Shu river
basin, which passes through the Kochkars and Ortogay depressions, which enter the Shuys depression
through the Bo’om gorge, is characterized by average annual air temperatures and atmospheric precipi-
tation of the Bishkek weather station, located at an altitude of 756 m (table and figure 3).

Evaluation of seasonal and annual air temperature changes made relative to the base period
(1941-1960) based on long-term information and analytical materials of the Bishkek weather station
located in the foothill flat landscape subclass (transaccumulative facies) showed that 1961-1980, 1981-
2000 and 2001-2017 years, the average monthly and annual air temperature increases by 0.6-1.0 ° C and
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Figure 3 — Comparative seasonal changes in mean monthly air temperature and assessment of changes in the duration
of the biological active period (piedmont plain landscape subclass (transaccumulative facies) - Bishkek meteorological station)

precipitation by 25-70 mm are constantly observed. At the same time, a significant increase in the average
duration of the biological active period, which leads to arid climate.

The assessment of changes in climatic indicators of a flat (superaqual) zone with a reduced
transformation of the geosk of the catchment area of the Shu River basin is represented by the Tole Bi
meteorological station located at an altitude of 456 m (table and figure 4).
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Figure 4 — Comparative seasonal changes in mean monthly air temperature and an estimate of the change
in the duration of the biological active period (plain landscape subclass (supersquivic facies) — Tole bi meteorological station)

As can be seen from table 1 and figure 4, a comparative assessment of changes in air temperature
made relative to the base period (1941-1960) based on long-term information and analytical materials
from the Tole bi weather station showed that 1961-1980, 1981-2000 and 2001-2017 there is significant
increase in average monthly air temperatures to 5.0 °C and per annum by 1.1-2.3 °C. At the same time, in
comparison with the base period (1941-1960) of precipitation, a period of decrease by 45-106 mm and an
increase in the duration of the biological active period are observed.

The climatic characteristic of the flat (subaqual) zone is the accumulation of the geostok of the
catchment area of the Shu river basin, which is an intercontinental delta, that is, Gulyaevs (with a total
length of about 140-150 km and a width of 50-60 km), Ulanbels (a length of 100 km and a width of 6-
8 km) and Kamkalins (about 150 km long and up to 3-25 km wide) are represented by long-term archival
materials of the Ulanbel weather station, located at 266.0 m of the land surface (table and figure 5).

As can be seen from Table 1 and Figure 5, there is a significant increase in average annual and
monthly air temperatures in comparison with the baseline observation period (1941-1960), however, a
sharp decrease in precipitation is not observed, that is, a decrease of 4-35 mm is observed in the period,
which led to an increase in the duration of the biological active period.
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Figure 5 — Comparative seasonal changes in mean monthly air temperature and an estimate of the change
in the duration of the biological active period (plainlandscape subclass (superaqual facies) — Ulanbelmeteorological station)

Conclusions. Thus, on average, in the catchment area of the Shu river basin during the instrumental
observations (1981-2017) compared with the baseline (1941-1960) in the mountain landscape class
(eluvial facies) (Teo-Ashu weather station), there was a decrease in monthly and annual air temperatures,
which led to a cooling of the climate and an increase in precipitation is observed, increasing the natural
moisture content of the natural system. At the same time, starting from the piedmont class of landscapes
(transeluvial facies) to the flat subclass of landscapes (subaccarpal facies), an increase in mean monthly
and annual air temperatures and a decrease in precipitation led to an increase in the duration of the
biological active period and aridization of the climate, which must be taken into account in the complex
arrangement of the catchment Shu river basin.

K. C. Mycradaes, 9. T. Ko3bikeeBa, A. M. Kamanuen
Kazak yITThIK arpapiblK yHUBepcuTeTi, Anmarsl, Kasakcran
HIEKAPA APAJIBIK LY O3EHIHIH AJIABBIHBIH KJIMMATBIHBIH O3I'EPYI

Annoranus. llexapa apansik Iy e3eHiHiH cykuHay anaOblHa OpHAIACKAH, METEOPOJIOTHSIBIK OEKTTepMiH,
srHA «Kpipresrunpomer» (Keipreiz PecnyOmmkacsr) xone «Kasrumpomer» (Pecrydnmka Kazakcran) yKeIMmapbl-
HblH 1930-2017 >xpumapapl KAMTHTBIH KOIDKBULABIK aKIapaTThIK-Tayigay Manimertepi OoiibiHina Iy e3eHiHiH
CyXHHay anaOblHbIH JaHAA(TTHIK KaTeHIepiH reoMop(OIOTHsIIBIK JKeIUIeYAiH Heri3iHae, KIMMATThIH e3repyiHe
Oaranay >Kypri3uiret, ai o KepceTKeHen, 0azanbik Oakanay keseHiH (1941-1960 xok.) ka3ipri Oakanay Ke3eHIMEeH
(1981-2017 »xok.) canbICTBIPFaH Ke3Jle TayJibl aliMaKThIK JJaHAMA(TTHIK (oBUaibIbIK (anus) Tonra (Teo-Anryy
METEOPOJIOTHSUIBIK OEKEeTi) opTalla aiiblK >KOHE JKbUIABIK ayaHbIH TeMIIepaTypachlHBIH TOMEHJETeHi OaliKaaibl
JKOHE OyJ1 KIIMMATThIH CAJIKbIHAAybIHA OKEN[I, aj jKayblH-IIAlIbIHHBIH KeOetol TaOuFH JKyHeHIH TaOWufu bLIFall-
JbUTBIFBIH apTThIpaabl. COHBIMEH KaTap Tay eTeriHieri JaHImadTThIK (TPaHCIMIOBUATBIBIK (alys) TONTapaaH
OacTan jKa3bIKTBIK aiiMakThiH JAHAMWADTTHIK (CyOakBUANbIBIK (alyss) TONTapaa OpTalla allbIK KOHE KBUIIBIK
ayaHbIH TEMIIEpPaTYPaChIHBIH J>KOFapbUIaybl >KOHE JKaybIH-IIAIIBIHHBIH a3afobl, OMOJIOTHSIIBIK OeJceH/l Ke3eHiHiH
Y3aKTBHIFBIHBIH YIIFailyblHa KOHE KIMMATTBIK KYPFaKIIBUIBIKKA OKeleTiH OosraHnbikTaH, Ly e3eHIiHIH cyXuHaAy
aa0BIH KEeIIeH T YHIIECTOpY Ke3iH/Ie, OHBI eCKepy KaxerT.

Tyiiin ce3mep: KIMMart, Cy)XKHHAY, ©3¢H, adalbl, ©3repy, Tannay, daranay, aya TeMIepaTypachl, aTMOC(EpabIK
KaybIH-IIAIIBIH, JaHAAQT.

K. C. Mycradaes , A. T. Ko3bikeeBa , A.M. Kamanuen
Kasaxckuit HaltmOHANBHBIN arpapHbIi yHUBepcUTET, Anmatel, Kazaxcran

KJIAMATAYECKUE U3MEHEHUS BACCEMHA TPAHCTPAHUYHOM PEK UIITY

Annotanusi. Ha ocHOBe MHOroneTHHX HMH(OPMAIMOHHO-aHAJUTHUECKHX MarepuanoB «KbIpreirugpomer»
(Kerpresckoii Pecrrybnmkm) m «Kasrunpomer» (PecnyOmmkn KazaxcraH), TO ecTh METEOPOJIOTHUYECKUX CTaHIIHIA,
pacronokeHHBIX B BogocOope OacceifHa TpaHcrpannaHoi peku L1y, oxpareBaromux 1930-2017 roasl mponsseneHa
OLICHKA M3MEHEHHMS KJIMMaTa, Ha OCHOBE IeOMOP(OIIOTHYECKOI cXeMaTH3alMy JaHAAa(THBIX KaTeH BoxocOopa
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peanoro Oacceitna Illy, koTopas mokaszana, 9TO B MEPHOJ] HHCTPYMEHTANbHBIX HaOmomeruid (1981-2017 rr. ) B
cpaBHeHUH ¢ 0a30BbIM (1941-1960 rr.) B TOpHOM Kiacce manamadros (3moBranbHas darus) (Mereoctanuus Teo-
Anryy) NpOUCXOIUIIO CHUKEHHE CPEIHEMECSYHBIX M TOJIOBBIX TEMIIEPATYp BO31yXa, KOTOPbIC MPHUBOAMWIN K [IOXO-
JIOZIAHUIO KIIUMaTa, ¥ HaOJIONAeTCsl YBENMUSHHE aTMOC(EPHBIX OCAJIKOB IOBBIIIAIONINE ECTECTBEHHYIO BJaro-
obecrieueHHOCTh NPUPOIHOIM cucTeMbl. [IpM 3TOM HauyMHas ¢ OPEAropHOro kKiacca JaHmmadToB (TPaHCHIIIO-
BHanbHas Qanus) 10 PaBHUHHOTO MOAKIacca JaHAmadToB (cyOakBmaimbHAs ¢arwst) HaOMIONaeTCs IMOBBIIICHHE
CPCAHEMECAYHBIX U T'OAOBBIX TEMIICPATYP BO3JyXa U CHUIKCHUC aTMOC(i)eprIX 0CaJIKOB, KOTOPLIC IMMPUBCIIN K YBE-
JIMYCHUIO JJIMTCIIBHOCTU 6I/IOJ'IOFI/I'-IGCKOFO AKTUBHOI'O mepuoJia U apuausalvy Kjimumara, 4To HeO6XO[ll/IMO Y4YUTBI-
BaTh MPU KOMIUIEKCHOM 00ycTpoiicTBe BojtocOopa Oacceiina peku Illy.

KiaroueBbie c10Ba: KiIuMaT, BOJocOOp, peka, OacceilH, U3MEHEHHe, aHallu3, OIICHKA, TeMIIepaTypa BO3ayXa,
aTMocdepHbIeocanku, TaHamadT.
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