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ABSTRACT

The report includes 191 pages, 11 figures, 74 literature sources and 3 annexes.
SMALL RIVERS, URBANIZATION, URBANIZED AREA, HYDROGRAPHY, CALCULATED CHARACTERISTICS OF RUNOFF, WATER DISCHARGE, CHANNEL WATER BALANCE, SCHEMATIC MAPS.
The object of research is the water bodies of urbanized territories (by example, the Almaty city).
Research purpose: identifying patterns and taking into account the impact of urbanized and adjacent territories on the elements of hydrological processes occurring a result of anthropogenic and natural changes in the hydrological cycle, using the example of the largest metropolis of the Republic of Kazakhstan - Almaty.
Research methods: geographic-hydrological method, landscape-differentiated, mathematical statistics, spatial analysis.
The main obtained results: modern hydrography and updated hydrographic characteristics, calculated characteristics of the annual, maximum and minimum runoff, channel water balance of mountain springs and karasu rivers, updated schematic maps of modern hydrography, generalized materials on accounting for the impact of the Almaty megalopolis on the hydrometeorological characteristics and water balance of its territory.
Scientific novelty: for the first time comprehensive studies were carried out to clarify the hydrographic characteristics of water bodies in the Almaty territory; quantitative hydrological characteristics of changes in runoff and water balance elements under the influence of the Almaty megalopolis were obtained; based on the results of field measurements, the main patterns of formation and characteristics of the channel water balance were revealed.
Application area: scientific support for management and planning of measures to reduce the harmful impact of urbanized areas on water bodies by national and municipal authorities of Almaty and other urbanized areas.
Scientific and practical significance is the development of a methodological and information-cartographic base to reduce the negative impact of urbanization on hydrological characteristics by the example of the rivers of Almaty.
During the conducting research are involved three bachelor students, 2 master students and a PhD student of the Meteorology and Hydrology Department of al-Farabi KazNU.
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INTRODUCTION

Currently, the rapid development and expansion of urbanized areas have a negative impact on the ecology of cities, including water bodies. Urbanization processes strongly negatively affect watercourses and reservoirs within urbanized areas.
The water bodies of Almaty, the largest metropolis of Kazakhstan are of great national economic importance not only for the southern region, but also for the whole republic as a whole. The water resources of these rivers, canals and reservoirs of Almaty are widely used for drinking and industrial water supply, irrigation, electricity generation, recreation and other purposes. The high concentration of the population in Almaty, the development of various forms of management near and directly on water bodies, their great vulnerability have led to significant pollution and degradation of rivers and reservoirs of the city.
The fundamental condition for improving the living comfort and health of Almaty residents is the creation of an ecologically safe water environment, the availability and reliability of the water use services provided, the effective and balanced development of the water sector of the southern capital. The creation of such conditions is possible based on detailed researches of all types of impact on water bodies of the city.
Purpose of the study: identifying patterns and taking into account the impact of urbanized and adjacent territories on the elements of hydrological processes occurring as a result of anthropogenic and natural changes in the hydrological cycle, using the example of the largest metropolis of the Republic of Kazakhstan - Almaty.
Assessment of the impact of natural and anthropogenic factors on water bodies in urbanized areas is a complex and very relevance problem, the solution of which is of great scientific, social and applied importance.
The project has carried out in the period 2018-2020 in three stages.
The main results of the first stage (2018) inventory number: 0218RK00539: modern data on the river exploration, conditions of runoff formation, peculiarities of the water regime, economic use of water bodies in the Almaty territory; modern hydrography and updated hydrographic characteristics of the watercourses of the river Kishi Almaty; data bank of hydrometeorological characteristics.
The results of the second stage (2019) inventory number: 0219RK00650: calculated characteristics of the annual, maximum and minimum water runoff of the main rivers. Channel water balance of mountain springs and river-karasu, schematic maps of modern hydrography, hydrometeorological exploration, and herringbone schemes for economic use and schemes points for measuring the channel water balance of the Almaty territory.
The results of the third stage (2020): recommendations for determining the hydrological characteristics of unexplored rivers, generalized research materials on taking into account the influence of the Almaty megalopolis on the hydrometeorological characteristics and water balance of its territory. Based on the research results, the monograph "Rivers of the Almaty megapolis" was prepared for publication. Works on all three stages has fully completed, in accordance with the work schedule. The main results of the work on the first (2018) and second (2019) stages of the topic are detailed in the interim reports on the topic over the years; the conclusions are given in the conclusion.
As an information basis for research on the project were used the following: cartographic materials of the Republican State Treasury Enterprise "National Cartographic and Geodetic Fund"; observational data of the RSE "Kazhydromet" for 1932-2015 years: Hydrological Yearbooks, Annual data on the regime and resources of surface waters on land, Basic hydrological characteristics, Long-term data on the regime and resources of surface waters on land. Surface water resources of the USSR. The names of the hydrological gauging stations and rivers are given as they are cited in the cadastral materials of the RSE "Kazhydromet".
The methodological basis of the research was the standards of the State Construction Committee (USSR) and the In Russian Federation, as well as Set of rules-33-101-2003 - "Determination of the main design characteristics". All calculations were performed in accordance with the requirements of regulatory documents.
In addition to the main performers are involved three bachelor students, two master students and PhD doctoral student of the Department of Meteorology and Hydrology of the KazNU named after al-Farabi.




1 Analysis of the studying and conditions of formation of watercourse of Almaty city

1.1 Meteorological and hydrological studying of the study area
Basin of the Kishi Almaty River (according to [1-6]). The first hydrological gauging station in the river basin was opened in 1912, 7 km above the Almaty city. Since 1934, a hydrometric network has been developing in the river basin, which consisted of more than 50 gauging stations. Currently in the river basin Kishi Almaty (according to RSE Kazhydromet), there are only 7 hydrological gauging station (1 water gauge point).
Basin of the Ulken Almaty River (based on materials [1-7]). The first hydrological gauging station on the Ulken Almaty River was organized back in 1907. The change in the hydrological characteristics of the river over time has been widely studied since 1928. In total, about 40 gauging station operated in the river basin [8]. Currently, there are only five operating gauging stations.
Kargaly river basin. The hydrological gauging stations on the Kargaly River was opened in 1938. Hydrological gauging stations river Kargaly (Kukuzek, Kargalinka) – Chapaev village functioned with small interruptions in observations until 1983.
Aksai river basin. The first gauging station on the Aksai River was opened in April 1912. Regular observations in cadastral materials have been provided since 1928. The gauging station worked until 1988. In the river basin Aksai observations were carried out on mountain springs: on the Tastybulak stream in the alignment of the Aksai village and on the Oyzhailau stream near the Kamenka village. General information on the hydrological studying of the Almaty territory is given in the research report 2018 by this project.
The beginning of systematic meteorological observations in Kazakhstan dates back to the fifties of the 19th century. Meteorological station Almaty united hydrometeorological station [9] in the period 1859-60 was located on the territory of the fortress Fortification Verny. Since July 1878 the station has been located in the Bolshoi Alma-Ata village. Since October 1908, the meteorological station has been located in the center of the Verny city. In 1915, the meteorological station was moved 2 km to the north-west and set up in a designated area on the southern outskirts of the city.
Weather station Almaty Kamenskoe Plateau [9]. Meteorological observations at Kamenskoe Plateau station were organized in June 1931. Observation period: from June 1931 to 1941 and from 1961 to the present. The name of the station: since 1931 - Kamenskaya Shchel, since 1939 - Kamenskoe Plateau, since 1961 - Alma-Ata-agro.
Meteorological station Almaty BAL [9]. Meteorological observations at the Big Almaty Lake were organized in 1915. Observation period: from 1915 to January 14, 1916, from July 14, 1925 to the present.
Meteorological station Almaty Mynzhilki [9]. Meteorological observations at the high-mountain station Myn-Dzhylki were organized in July 1935. Observation period: from July 1935 to the present.
Snow avalanche station Shymbulak. In 1973, the Shymbulak avalanche station was opened, which has also been conducting meteorological observations since 2000.
General information on the meteorological studying of the Almaty area is given in the research report 2018 by this project.

1.2 Creation of a data bank of hydrometeorological characteristics
1.2.1 Structure and content of the bank of hydrological characteristics
As noted earlier, the studying of water runoff in the area under consideration was begun back in 1907 on the river Ulken Almaty and in 1916 on Kishi Almaty. In total, in the river basins of the study area, there were about 90 gauging stations belonging to various departments. Currently in the river basin Ulken Almaty (according to Kazhydromet) there are only five hydrological gauging station, and in the basin of the river Kishi Almaty 7 hydrological gauging station, of which one water meter [10-15].
The most detailed and high-quality observations of river water runoff began to be carried out from the 30s-40s, and now the archives contain materials of these observations on almost 30 hydrological gauging station, which were under the jurisdiction of Kazhydromet, the Department of Water Resources, the Almaty Hydrogeological Station, etc. Observations of departmental gauging station of low quality, measurements on them are irregular and are carried out mainly during the growing season. In total, the generated databank contains information on river water runoff at 54 observation points at gauging stations of the RSE "Kazhydromet" and departmental organizations. The databank contains information on average monthly, average annual, maximum and minimum water runoff and the dates of their occurrence for all available observation periods. The published cadastral materials were used: "Hydrological Yearbooks", "Basic Hydrological Characteristics", "Annual data on the regime and resources of surface waters of the land", "Long-term data on the regime and resources of surface waters of the land", "Resources of surface waters of the USSR" [10-15], as well as "Observation materials at the Alma-Ata mudflow station" [4]. Due to the requirements for limiting the volume of the report, data on the average monthly and average annual water flow for individual reference gauging stations of the study area are given in the research report 2018 by this project and information on the maximum and dates of their occurrence, and the minimum water discharges are given in the research report 2018 by this project.



1.2.2 Structure and content of the bank of meteorological characteristics
Today in the Almaty city, there are four meteorological stations (Almaty, Kamenskoe Plateau, BAL, and Mynzhilki), one snow avalanche (Shymbulak), where carried out meteorological observations, as well as one aerological station.
Regular meteorological observations in Almaty began to be carried out in 1915, and currently the archives contain materials of these observations at all observation points that were under the jurisdiction of Kazhydromet. In total, the generated data bank contains information on climatic parameters for six observation points. The databank contains information on average monthly, average annual air temperatures and precipitation amounts for all available observation periods. The following published cadastral materials were used: “Handbook on the climate of Kazakhstan. Long-term data”, “Scientific and applied reference book on climate” [1], as well as the website of the weather archive of the RSE “Kazhydromet” rp5.kz. Due to the requirements for limiting the volume of the report, data on average monthly and average annual air temperatures and precipitation amounts for individual stations in the study area are given in the research report 2018 by this project.

1.3 Conditions for the runoff formation of watercourses of Almaty
The main natural factors in the formation of river water runoff can be considered the relief, geological structure of the territory, climate, soils and vegetation, hydrography and water regime of rivers, as well as anthropogenic impact. The drainage basins of the four main rivers flowing through the city of Almaty - Ulken and Kishi Almaty, Kargaly and Aksai, are located in the central part of the northern slope of the Ile Alatau ridge.

1.3.1 Relief and orography, geological conditions
In mountainous regions, the dominant factor determining the altitudinal zonation of hydrological elements and, in particular, the mountain rivers runoff is the relief. The Ile Alatau, being one of the extreme northern arcs of the Tanirtau (Tien Shan) mountain system, extends in a sublatitudinal direction (43 ° N) between 75 ° and 78 ° E. The highest point of the ridge is Talgar peak, reaching 4973 m abs [7, 16-17], which conventionally divides the ridge into two parts - east and west and is the center of modern glaciation. The northern part of the ridge is represented by a strip of foothill plains [18]. The highest absolute heights (4000-4500 m abs and more) are noted in the central part of the ridge - Talgar (Shilik-Kemin) mountain cluster. The most characteristic and clearly manifested regularity of the structure of the surface of the Ile Alatau, and the northern slope in particular, is its tiered structure. In the mountainous part, there are three high-altitude relief belts: high-mountain-glacial, mid-mountain and low-mountain-foothill, smoothly turning into a foothill (foothill) plain, and within the foothill-plain part, two zones are distinguished: a zone of fanning cones and a zone of foothill accumulative plain [7, 16-19].
The alpine-glacial belt (above 2800-3000 m) occupies about 40 % of the area of its mountainous territory, mainly the axial zone of the ridge. The external appearance of the relief of the high-mountain-glacial belt was created by tectonic movements of the greatest amplitude, slope denudation, ancient and modern glaciation.
Mid-mountain zone (from 1400-1500 m to 2800-3000 m). Occupies about 25 % of the mountainous area of the Ile Alatau. Above 2000 m, this belt is characterized by a significant dissection of the relief by a network of gorges and deep V-shaped valleys, the presence of steep slopes from 25-35 ° to 40 °. Below 2000 m, the steepness of the slopes decreases to 20-30 °. The mid-mountain zone influences the formation of water runoff by melted snow, storm and ground waters.
The low-mountain foothill belt (from 800-900 m to 1400-1500 m) occupies about 35 % of the area of the mountainous territory of the Ile Alatau. This belt is characterized by mountain ranges that extend from the ridge massif in a northern direction. The river valleys reach a depth of 300-400 m and look like gorges. The presence of “counters” is typical - flattened massive ridges, which are composed of a stratum of Neogene-Paleogene and boulder-pebble Quaternary deposits. The relief of the low-mountain belt is distinguished by insignificant amplitudes of heights, but significant horizontal dissection.
The sloping foothill plain begins from the foot of the mountains, which turns into the flat lowland of the Ili depression. Geomorphologically within the limits of this foothill-lowland part, two zones are distinguished: the zone of the fan and the zone of the foothill accumulative plain. Fan cones are located at heights from 1000 to 800 m. Their average slope is about 3 °, and their width reaches 10-12 km [7].
Geology. The geological structure of the mountain river basins of the Ile Alatau has a significant impact on the runoff and water balance. The Ile Alatau high mountain range has a complex geological history. One of the first uplifts in its place occurred 300-400 million years ago, in the so-called Caledonian period of mountain building. After that, tens of millions of years have passed, these ancient mountains were destroyed by the processes of physical and chemical weathering, flooded by the waters of the ancient sea. However, 200-250 million years ago, during the period of the Hercynian folding, powerful uplifts occurred again, accompanied by the outpouring of large masses of molten magma. Most of the Ile Alatau granites date from this time. The subsequent destruction of the mountains took place up to the period of the alpine mountain-forming process (tens of millions of years ago), which created the general appearance of the modern relief. The most intensive uplift of the ridge took place in the last 300-400 thousand years. Frequent earthquakes testify to incessant mountain building processes in our time. Throughout its history, the city has experienced two catastrophic earthquakes (1887 and 1911), as well as dozens of medium ones. The territory under consideration belongs to the most active seismic regions in Asia by most of its characteristics. Special studies show that the Ile Alatau “grows” by an average of 3-5 mm annually. This is a very significant value. So, in geological terms, the Ile Alatau are young mountains [9, 18-20].
The removal cones of the main rivers located at the foot of the ridge are formed by Upper Quaternary deposits, which have different thicknesses: from 40 m in the valley of the river Shilik and 70 m in the valley of the river Uzun-Agash, up to 430 m in the valley of the river Kishi Almaty.
The hydrogeological conditions of the Ile Alatau territory were studied by N.G. Kassin (1930), V.F. Shlygin [21], U.M. Akhmedsafin [22-23] and other researchers. According to [17], there are fractured waters prevail here. The depth of their occurrence ranges from zero to 100 m. Due to the large dissection of the relief, fissure waters are intensively drained by river valleys and participate in the formation of deep-water underground runoff [7].

1.3.2 Climatic conditions for river runoff formation
1.3.2.1 General information
The Almaty city is mainly located in the foothills of the northern slope of the Ile Alatau ridge on an alluvial cone that gradually decreases from south to north. The average height of the city is 800 m BS. To the south and southeast of Almaty, a strongly rugged hilly foothill begins, which, as it rises, passes into the Ile Alatau ridge. Newly built areas in the southern part of the city are located in the foothills.
To study the climatic characteristics of the Almaty territory for the following as reference meteorological stations were selected: Airport, Almaty and Kamenskoe plateau.
The choice of meteorological stations characterizing the climate of Almaty is dictated by the zoning distribution of climatic characteristics depending on the altitude of the city district.

1.3.2.2 Wind
Meteorological conditions of Almaty are determined by its location in the foothill zone and the presence of mountain-valley atmospheric circulation here. Due to the fact that the central part of the city is located at the junction of two inclined planes, the territory of the city is not always under the influence of circulation. The mountain airflow is heated due to adiabatic compression, flows over the cold layers adjacent to the earth's surface and cooled by radiation cooling. Thus, a powerful surface temperature inversion is formed, which persists for a long time in winter. Hence, weak winds characteristic of Almaty, the frequency of calm a year on average 28 %.
The average monthly wind speed is 1-2 m/s, the maximum speed is 10-15 m/s. In a clearly pronounced annual course, there is an increase in wind in the summer months and a weakening to calm values in winter. Throughout the year, winds with a speed of up to 2 m/s prevail in Almaty. The share of calm is especially high. The total frequency of calm and very weak winds (up to 1 m/s) is 76 % in the city and 56 % in the foothills.
The mountain-valley circulation in the Almaty area is determines the prevalence of winds from the southern and southeastern directions (45 %). The next direction in terms of frequency is north (16 %).

1.3.2.3 Radiation balance
The annual course of the radiation balance is repeats the basic course of the total radiation. The maximum values of the radiation balance fall on June-July, the minimum is observed in December-January and has a negative value.
In the winter months, the monthly amounts of the radiation balance vary significantly depending on the presence or absence of snow cover.

1.3.2.4 Air temperature
The average annual average annual air temperature in Almaty is 9 С. Average monthly (29.8 С) and absolute (43.0 С) maximums of air temperature are observed in July. In the foothills, these figures are lower. On an annual basis, the minimum air temperature is observed in January (minus 6.5С), while the absolute minimum (minus 38 С) falls on February. In the foothills, the minimum temperatures are higher than in the city.
The continental climate of Almaty determines a significant amplitude of air temperature fluctuations. The amplitude of average monthly temperature values in the meteorological station Almaty is 40 С, absolute values 82 С. The relief plays an important role in the formation of the thermal regime in Almaty. Taking into account the influence of mountain-valley circulation and the transformation of solar heat, one can note a decrease in the continental climate of the southern (foothill) areas of the city compared to the northern ones. The average annual mean annual air temperature as it rises up the northern slope of the Ile Alatau gradually decreases, turning into negative in the high mountain regions. Therefore, at the Mynzhilki meteorological station, it is equal to minus 2.0 С.

1.3.2.5 Precipitation
Annual precipitation on the northern slopes of the Ile Alatau increases to a height of 2 thousand meters: in the airport area the average annual amount is 420 mm, at the Almaty meteo-station - 626 mm, Kamenskoye plateau - 871 mm. According to the nature of the intra-annual distribution of precipitation in Almaty, there are two minimums (in January and August) and two maximums (in May and October). One third of the annual precipitation falls in the period April-May.
Annual precipitation in Almaty and the foothills corresponds to the zone of sufficient moisture (Moscow, Riga, etc.), but the peculiarity of their annual distribution and the high temperature background of the warm period create conditions of aridity here.

1.3.2.6 Air humidity, evaporation, soil temperature
From May to October, the evaporation rate in Almaty exceeds the amount of precipitation several times; the annual amount of evaporation is twice the annual amount of precipitation.
This means that only half of the amount of moisture that can evaporate at an average air temperature and average relative humidity, calculated by N.N. Ivanov:

Еm = 0,0018 (25 + t)2 (100 – a), 				(1.1)

where Em - evaporation rate per month, mm; t is the average monthly air temperature, С; a - average monthly relative humidity,%.
Soil temperature and saturation deficit have an intra-annual variation; a maximum similar to air temperature is observed in July, and a minimum in January.

1.3.2.7 Snow cover
An increase in the altitude of a site above sea level within the city from north to south has an impact on the timing and nature of snow cover in Almaty. The first snowfalls are observed at first in the southern outskirts of the city - in the first ten days of October in the Medeu region. In the second decade of the month, snow cover is observed directly in the city, and in the third decade - in the northern regions, near the airport. In some years, deviations from the average dates of the establishment of snow cover fluctuate within a month both towards earlier and later dates.

1.3.2.8 Depth of soil freezing
The thermal properties of the soil depend on a number of factors: landforms, air temperature, soil texture, etc. The depth of penetration of the temperature 0 С into the soil is taken as the depth of soil freezing. In Almaty, stable soil freezing is observing from November to March. The maximum penetration depth of 0 С temperature is observed in February. Its value varies within the city from south to north: at the Kamenskoye plateau meteorological station, the freezing depth is 0.58 m, at Almaty station - 0.91 m, at the airport - 1.26 m.

1.4 Soil and vegetation cover
Land cover is an important factor in runoff formation and water quality. The distribution of the soil and vegetation cover clearly shows vertical zonation, exposure differences due to the influence of the relief, dynamic geological processes, climatic conditions, the composition and properties of parent rocks, anthropogenic activity, etc. The vertical zonation is most fully manifested in the central part of the ridge, within its northern slope.
In the northern part of the city, up to heights of 600-700 m, there is a foothill desert-steppe belt. Light chestnut calcareous soils and gray soils prevail here. The vegetation is represented by the wormwood-fescue association with the participation of poppies, feather grass, bluegrass, etc. The natural appearance of the belt has been greatly altered by economic activity.
Above there is a mountain-steppe belt up to heights of 1300-1400 m. The soils are dark chestnut and mountain black earth. The vegetation is feather-grass-forb with a wide participation of shrubs - dog rose, buckthorn, barberry, etc. This is a zone of cultivated orchards, ornamental plantings and garden plots. This altitudinal belt is most strongly susceptible to anthropogenic impact, since significant areas are occupied by summer cottages.
In the southern part of the city and higher, up to an altitude of 2800-2900 m, there is a forest-meadow belt. In the lower part of the forest belt, there are deciduous forests (aspen, birch, mountain ash, wild apple, apricot, hawthorn), higher are coniferous forests (spruce). One of the main representatives here is the Tien Shan spruce (Shrenka spruce), which usually occupies the northern slopes and partly the bottom of river valleys. In treeless areas, there are tall grass meadows. The soils are mountain-forest dark-colored, podzolized black earth and mountain-meadow black earth. In the upper part of the belt there are subalpine meadows with mountain-meadow and meadow-steppe soils and meadow and meadow-steppe vegetation. Outcrops of bedrocks are widespread in this belt.
The soils of the city, which have been experiencing technogenic loads for a long time, and, in contrast to their natural counterparts, are characterized by greater compaction, the lowest coefficient of porosity and filtration. The soils adjacent to highways are enriched with lead, and in industrial zones the soils accumulate substances contained in the emissions of nearby industries.
Vegetable world. On the city territory there are green spaces of various functional purposes: common use (parks, squares, boulevards, recreation areas, etc.); limited use (green spaces on the territories of industrial enterprises, educational institutions, etc.); special purpose, etc.
The composition of urban plantings includes 550 species of trees, except for fruit trees, 30 species of shrubs, excluding those growing in the Botanical Garden. The main species for Almaty are: pyramidal poplar, feathery elm (elm), birch, acacia, white poplar, oak, maple, ash, linden, willow. Coniferous and fruit trees are widespread.
It should be noted that all groups of green spaces in Almaty are now in critical condition. The majority of deciduous trees are physically obsolete and pose a potential hazard to human health and life in adverse weather conditions.



2 Assessment of the dynamics and the current state of hydrography of the Almaty territory

2.1 Field researches of city hydrography
During the period of field surveys of river basins belonging to the Almaty territory, information was collected on the state of the river network, on anthropogenic load on river systems, on changes that occurred as a result of redevelopment of the urban area, and on changes in the hydrography of the main rivers and their tributaries.
In 2018, the Kishi Almaty River basin and adjacent territories with rivers passing through the city territory were surveyed. Reconnaissance surveys were carried out on the upper reaches of the Kishi Almaty River and its main mountain tributaries - Sarysay with the Shymbulak, Kuigensay, Kimasar tributaries with the Left and Right Ortasay tributaries, the left-bank mountain tributaries of the Kazakhkyzy (Kazashka) and Bedelbay (Batareika), and right-bank tributary Butak with tributary Shybinsay.
In 2019, a survey was carried out of the basins of the Ulken Almaty, Kargaly and Aksai rivers, with mountain tributaries, as well as the Karasu rivers - Boroldai, Zhainak, Terenkara, Ashybulak, Right Esentai, Sasybulak-karasu, "Parkhomenko log", Karasu and Malaya Karasu, Ulken-karasu, Sultan-karasu, Esenbay and a number of small springs.
Water intakes from rivers, sections of a stabilized channel, straightened sections of a channel, hydraulic structures aimed at reducing mudflow hazard, areas equipped for recreational purposes and with increased anthropogenic load were identified.
The data of field surveys of 1995-1996, 1999 and 2005-2007, within the framework of the ongoing project, were summarized with the results of field surveys in 2018 [8-9, 24-25]. As a result, it was revealed that due to the engineering redevelopment of urban areas, backfilling of individual sections of river channels, underground sewerage and inter-basin diversion of river runoff, as well as the improvement of individual sections of channels, significant changes have occurred in the hydrography of the urban area. The result of field surveys is a detailed hydrographic description of rivers illustrated with photographs, intended for writing a monograph on water bodies in the territory of Almaty, given in the research report 2018 by this project..

2.2 Transformation of hydrography and water bodies under the influence of the megalopolis of Almaty
Almaty city is located in the center of the Eurasian continent, in the south-east of the Republic of Kazakhstan. Geographic coordinates: 77˚54 'east longitude and 43˚15' north latitude. Almaty is located in the foothills of the Ile Alatau. Due to the water inflow from the mountains. The hydrographic network is well developed on the Almaty territory - the total length of permanent and temporary watercourses within the city is more than 200 km. The city has four main waterways: Kishi Almaty in the eastern part, Ulken Almaty, Kargaly and Aksai in the western part of the city.
The formation and transformation in time and space of the urban hydrographic network, caused by natural and anthropogenic factors, is one of the urgent problems of the development of urban areas. Man created a city - a human ecosystem, in accordance with their needs. The terrain chosen for the construction of the city changes significantly as it is developed and turned into an urban area. The development of an urban area leads to a change in all components of the natural landscape, including the hydrographic network: its structure, morphometric characteristics of water bodies, their level regime, flow conditions, hydrochemical composition, etc. Changes to the hydrographic network aimed at improving the comfort and safety of living are often accompanied by negative consequences. This is especially evident in ancient cities, including Almaty. The development of the urban area and the high technogenic load have led to a significant transformation of the landforms, and as a result - the conditions for the functioning and development of the hydrographic network.
The primary foundation of modern Almaty was the Zailiyskoe (Vernoe) fortification, built in 1854 on the right bank of the Kishi Almaty (formerly Malaya Almatinka) and the intersection of two caravan roads. One led to Tashkent and eventually became known as the Tashkent Alley (now Raiymbek Avenue), the other went to the Chinese Kuldja, therefore it was called the Kuldzhinsky tract. Not far away was the third road, which led to the Ili River, and after crossing it - to the cities of Kopal and Semipalatinsk. Then it was called the Kopalsky tract, now it is part of Suyunbai Avenue.
In 1856, along the western rampart of the fortress, the first residential area was formed - Bolshaya Almaty stanitsa. It was bounded by the left bank of the river Kishi Almaty (from the Central Park of Culture and Leisure to Bayanaulskaya st.), St. Makataev, the lower part of the Pushkin street and Suyunbai Avenue.
The second district, built after the foundation of the Vernoe fortification is Tatarka. It appeared to the east of the fortress in 1860. It is generally accepted that it begins from the territory below the zoo, from the river. Zharbulak (formerly Kazachka) and st. Dobrolyubov, to Mount Koktobe. Down almost to the Talgar tract.
The Malaya stanitsa district emerged in the late 1870s and was not included in the city limits until 1962. Its borders today can be considered the right bank of the Kishi Almaty to the river. Zharbulak, st. Dobrolyubov, Ryskulov Avenue. [26].
The modern hydrographic network of the city in many respects has developed spontaneously, hence another important problem is the scientific substantiation of projects for organizing the urban area and the rational use of water bodies, which requires knowledge of the peculiarities of the formation and development of the hydrographic network in the city under the influence of a set of factors and at different stages of development.
The conducted ground-based surveys of water bodies within the urban territory of Almaty made it possible to establish their change under the influence of natural and anthropogenic factors, to assess their current state.
The analysis of changes in the hydrographic network of the city was carried out by studying literary sources and cartographic data, starting from 1912. The topographic maps of 1912, 1942, 1989 and 2015 were studied in most detail, according to which maps of the transformation of urban areas were created. Also involved were modern satellite maps and online web mapping resources such as OpenStreetMap. The study of cartographic material was supplemented by a visual inspection of the locations of water bodies.
Within the framework of the grant theme, for the first time, not only published, but also archival and service materials were considered, which made it possible to significantly clarify the history of anthropogenic transformations of water bodies on the Almaty territory. The circumstances of the creation of some water bodies have been clarified, a number of documentary sources have been identified that have not previously been used in studies of the city's hydrographic network.
The influence of the anthropogenic factor led to the transformation of the appearance of the hydrographic network of Almaty. The initial stage was characterized by an indirect impact on water bodies through the plowing of floodplain lands, deforestation in the territory of drainage basins. The next stage was distinguished by a direct impact on water bodies associated with the construction of protective structures from the dangerous effects of hydrological hazards and new water bodies (ditches); backfilling and laying "in the pipe" of "inconvenient" water bodies (wetlands within the city, shallow streams); construction of canals and ditches for irrigation of agricultural land, etc. At the present stage, the anthropogenic impact on water bodies of the urban area is complex. It is associated with water intake; transformation of water bodies due to the improvement of territories; backfilling and sewerage of rivers and streams; runoff regulation; influence on the natural hydrochemical composition of water bodies.
For example, the Sairan reservoir appeared on the maps of Alma-Ata in 1971. On the site of the reservoir in the 60s of the last century, the quarry of the Almaty house-building plant was located. The sand and stone mined here were used for the production of panels, from which new micro-districts of Alma-Ata were built. When the quarry's reserves ran out, it was decided to create a recreation area with a reservoir in its place. To fill the basin with water, a dam was built from the side of Toli Bi Street (then Komsomolsky prospect) on the bed of the Bolshaya Almatinka River. The area around the new lake was reclaimed: paths were laid, the beach was poured and a boat station was organized.
The Esentai River is the left arm of the river Kishi Almaty. Currently, it is separated by a dam at the exit from the Small Almaty Gorge to the fan to the west of Gornaya Street, below the mouth of the river Butak. The Esentai River After leaving the city again merges with the river Kishi Almaty near the Otegen Batyr village. The Esentai River has been used since the second half of the 19th century to drain the melt water of Malaya Almatinka, which, during the melting of glaciers and heavy rains, overflowed the banks, which could lead to floods. This helped to protect the bridges and numerous mills built on the banks of the Malaya Almatinka from destruction.
In 1959, on the site of the dam, new engineering structures were built, thanks to which the employees of the State Institution "Kazselezashchita" still regulate the directions of flows and the water level in the rivers. In Soviet times, the “Vesnovskaya Canal System” functioned - a special network of irrigation engineering structures, which was used to irrigate about 3.5 thousand hectares of apple orchards located in the foothills of the Zailiyskiy Alatau.
The Big Almaty Canal, 168 km long, serves for the gravity feed of regulated drain of the Shilik River to the basins of the Turgen, Esik, Kaskelen and others rivers, to the fields and lands located around them. The channel crosses the main rivers of the Almaty city.
To identify changes in the river network, the outlines of urban areas of different years were superimposed on the modern Almaty map (Figure 1.1). For comparison, the modern river network of the city is given.
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Areal values of the city territory, km2
	Years
	1912
	1942
	1989
	2015

	Area
	GIS
	Internet
	GIS
	
	GIS
	
	GIS
	Internet

	
	10,5
	4,55
	52,0
	
	282
	
	704,5
	682,0


Length of the main rivers of the city territory, km
	River
	River length, km

	
	1912
	1942
	1989
	2015

	Kishi Almaty
	-
	8,01
	20,70
	52,5

	Ulken Almaty
	-
	-
	11,88
	39,10

	Kargaly
	-
	-
	-
	21,48

	Aksai
	-
	-
	-
	3,46



Figure 1.1 - Hydrographic network of Almaty

2.3 Drafting a schematic map of modern hydrography of Almaty by using GIS technologies
Over time, the surface of river catchments undergoes changes under the influence of natural causes and human economic activity. In this regard, the values of the morphometric characteristics of water bodies and watersheds obtained from topographic and other thematic maps also change [27]. Morphometric characteristics are classified as relatively stable and dynamic. Stable ones include: the catchment area, the average height of the catchment, the average slope of the slopes of the catchment, the area of closed areas. All other morphometric characteristics should be classified as dynamic.
According to the Standard [27], the morphometric characteristics of water bodies and their catchments should be updated when changes have occurred in the water bodies themselves or their catchments and this begins to affect the accuracy of hydrological calculations. All morphometric characteristics of the water body must be checked and updated simultaneously. Morphometric characteristics can be specified not only by maps, but also by aerospace images or by the results of field hydrographic surveys.
To clarify the hydrographic network of Almaty, a map (plan-scheme) of Almaty 1:25 000 with a new city boundary, compiled in 2015 and a base topographic map used as an information background in the GIS, built into the ArcGIS software 10.4.1 were used.
Topographic maps are nationwide maps. They are compiled in strict accordance with the provisions, instructions and symbols developed by the Republican State Treasury Enterprise "National Cartographic and Geodetic Fund". Modern large-scale topographic maps are characterized by the absence of significant distortions due to projection, high image accuracy of all content elements, and continuous coverage of the territory and therefore can be used as a basis for cartometric work for hydrological purposes.
The accuracy of the hydrographic information obtained from the map depends primarily on the scale at which the map is drawn. The larger the scale of the map used, the higher the accuracy of the morphometric characteristics determined from it [27].
The average position errors on the topographic map of objects and terrain contours relative to the nearest points of the planned survey network according to the existing standards do not exceed 0.5 mm, and in mountainous, high-mountainous and desert areas - 0.75 mm on the map scale, which will accordingly amount to: on a scale of 1 : 10,000 - 5 and 7.5 m; on a scale of 1: 25,000 - 12 and 19 m; on a scale of 1: 50,000 - 25 and 38 m; on a scale of 1: 100,000 - 50 and 75 m [26]. The maps used should reflect the current state of all elements of the terrain and, first of all, water bodies and their catchments. Information about the year of the survey of the area is indicated on each sheet of the topographic map.
To ensure the required accuracy of hydrological calculations, it is required that hydrological observations and morphometric characteristics of water bodies correspond to the same period.
When creating a map of Almaty at a scale of 1:25 000 for the convenience of clarifying the morphometric characteristics of water bodies, a unified system of geodetic coordinates Pulkovo-1942 (SK-42) and a transverse-cylindrical Gauss-Kruger projection were used. Cartometric work to determine the morphometric characteristics of water bodies within the city of Almaty was carried out based on a vector digital map.
1) To analyze the change in the hydrographic network of the study area, it is recommended to use modern satellite maps and online web-mapping resources, such as OpenStreetMap, together with the study of literature and cartographic data for different periods, which may reflect the transformation of the study area.
2) To clarify the hydrographic network of the study area, it is recommended to use large-scale maps (plan-schemes) and base topographic maps used as an information background in GIS, built into the ArcGIS 10.5 software.
The maps used should reflect the current state of all elements of the terrain and, first of all, water bodies and their catchments.




3 Evaluation of the channel water balance of the main rivers of the Almaty territory

3.1. Water balance zones of rivers of the Almaty city territory
A number of works [21, 28-38] are devoted to the study of the regularities of the formation of surface and underground runoff and their relationship in this area. As a result of long-term studies of groundwater alluvial fans and regime hydrogeological observations, a close genetic relationship of groundwater with surface waters of rivers has been established in the Ile Alatau and a runoff formation scheme has been developed.
According to this scheme, by the totality of natural conditions (geological, hydrological, hydrogeological), the study region can be divided into four hydrogeological regions (water balance zones) [28-38]:
1) a mountainous area (slope), composed of rocky Paleozoic rocks and being the main area of runoff feeding. This area is characterized by deep and intense dissection of the relief and almost complete (86-92 %) drainage of fissured groundwater in the weathering zone.
2) The foothill area is a tectonically uplifted block, folded at the base of rocky Paleozoic rocks, which are overlain by younger Neogene, Quaternary deposits. The underground runoff is both transit and local, which is formed at the foothill stage from filtration from rivers and precipitation. This area is characterized by the simultaneous transit of surface and underground runoff from the mountains, absorption of part of the surface runoff and feeding of the underground runoff. In addition, it acts as a screen for underground runoff from the mountains.
3) Foothill plume, formed by merged fan cones, which is a zone of intense absorption of surface river runoff, irrigation water and atmospheric precipitation. Geological is a zone in which thick strata of coarse-clastic Cenozoic sediments are widespread, in which through filtration of surface waters to great depths is possible (up to 2013 m in the Ulken Almaty river basin) [31].
4) Foothill plain, which is characterized by the outcropping of low-water-permeable sediments of the lower Quaternary and which is a zone of groundwater discharge of alluvial cones. It is composed of proluvial-alluvial deposits, has a terraced surface, inclined towards the river. Ile.
In a number of cases, for hydrological studies, instead of four regions, three water balance zones are distinguished [34-41]:
1) mountainous zone of formation of surface runoff;
2) zone of runoff losses in loose sediments of fan fans;
3) the secondary zone of formation of surface runoff due to wedging out of groundwater.
The territory of the Almaty city of is located on a foothill plume formed by merged fan outflow cones of small rivers. It is a zone of intense absorption of river surface runoff, irrigation water and atmospheric precipitation. Surface and ground waters in the study area are closely related.
At moving from the mountains to the valley of the Ile River, they can repeatedly move from one position to another [21, 31-33, 37-38]. Under anthropogenic impact on surface or underground runoff, the regime and water balance of both types of runoff are disturbed.
A quantitative assessment of the mutual water exchange of surface and groundwater flows during their movement from the mountains to the Ile river valley can be given by drawing up the water balance of the loss zone and the secondary zone of formation of surface runoff due to the wedging out of groundwater.

3.2 Measurement technique of channel water balance
In addition to assessing the interaction of surface and groundwater, as noted above, the compilation of channel water balances (CWB) is one of the methods for studying and quantifying water resources.
During the research, attention was paid to the channel water balance of both the main rivers of the Almaty city are Kishi Almaty with the Esentai, Ulken Almaty, Kargaly and Aksai channels, and the rivers "karasu": in the Ulken Almaty basin - river Boroldai and river Zhainak; in the Kishi Almaty basin - rivers Ashybulak, Terenkara, Sultan-Karasu, Ulken Karasu (Moika-Karasu), Kishi Karasu, as well as some rivers - "karasu" without names, tributaries of the river Kishi Almaty and mountain springs: Abylgazy, Botbaisay, Tiksay, Terisbulak, Kerenkulak, Oyzhailau and Tastybulak. The Aksayskiy (Sapozhnikovo) runoff channel from the river Aksai to river Kargaly [41-42]. Measurements of the channel water balance were carried out using the methodology outlined below for areas within the city boundaries.
To analyze the results of field studies and calculate the channel water balance (CWB) of small rivers in Almaty, the following equations were adopted:
1) for the zone of losses of surface runoff in loose sediments of fan cones:

Sf = Qu + Qt - Ql - Qwi + Qrsw			(3.1)

where Sf - the absolute value of filtration losses, m3/s; Qu and Ql - water discharges rates in the upper and lower sections, m3/s, respectively; Qt - total discharge of side tributaries, m3/s;    Qwi - total water intake at the site, m3/s; Qrsw - the total discharge of return surface water discharged into the river from irrigated fields and other discharges into the river at the site, m3/s;
2) for the zone of groundwater discharge into the river beds "karasu":

Sgw = Ql - Qu + Qwi - Qt - Qrsw,				 (3.2)

where Sgw is the absolute value of groundwater wedging out, m3/s.
On the selected balance sections, the measurements were carried out in dry periods, taking into account the travel time and taking into account the error in measuring the discharges rates with a hydrometric spinner.
To compare the channel water balances of various rivers, not the absolute values of losses and wedging out were used, but the values of specific losses (Slf, m3/s × km) and wedging out (Slgw, m3/s × km) of water discharge per unit length of the river section:


 ,                                        (3.3)


,                                        (3.4)

where L is the length of the calculated water balance section, km. The rest of the notation is the same [43].

3.3 Measurements results of the channel water balance of rivers of the Almaty territory
Analysis of the results of measurements of the CWB of the main rivers and rivers - "karasu" in Almaty showed that, as in the basin of the river Ulken Almaty and river Kishi Almaty, the zone of river runoff pinching - "karasu" begins below Raiymbek avenue, this below the horizontal 540 m BS.
A herringbone diagram of the hydrographic network of small rivers in Almaty with stations for measuring the channel water balance (CWB) in 2019 is shown in Figure 3.1, and CWB measurements on the Almaty rivers are shown in Figures 3.2-3.5.
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Figure 3.1 - Herringbone diagram of the hydrographic network of small rivers of the Almaty city (RWB, 2019)
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Figure 3.2 - Canal Aksay - Sapozhnikovo, entrance to the city territory, measurement of RWB 2019
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Figure 3.3 - Kargaly River - in the alignment of street Chaliapin, measurement of RWB 2019
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Figure 3.4 - Ulken Almaty River – in Boroldai station, exit from the city territory, measurement of RVB 2019 
	[image: IMG_20190928_133426]

Figure 3.5 - River Zhainak (Dzhigitovka) - below the BeNT ponds, exit from the city territory, measurement of RVB 2019


It should also be noted that as a result of the arrangement of the channels of a number of karasu rivers with gabion structures, cleaning them from debris, the outflow of wedging groundwater was normalized and the general condition of the urban river system and its recreational capacity improved. This favorably affects the ecological state of not only the rivers themselves, but also the adjacent territories.

4 Calculation of the characteristics of water runoff in the Almaty territory

4.1 Calculation of the norm and variability of the annual runoff
At performing these researches, the observations series of the runoff up to 2015 inclusive were used. At different times, about 54 water runoff observation-gauging stations are operated on the under consideration territory. The existing gaps in the annual runoff observation series have been restored. At calculating the runoff rate and assessing the errors in its determination, the generally accepted recommendations set forth in [44-51], as well as the recommendations for the area under consideration [52-53], were taken into account. The construction of the probability curves was carried out using the Easy Line program, developed for the type III Pearson binomial distribution curve in [54]. 
The analysis of the differential integral curves of the annual runoff plotted for the reference posts indicates that, due to the existing asynchrony of fluctuations in the average annual runoff rates at different posts, the general calculation period can be taken from 1938 to 2015.
Determination of the river runoff rate was carried out in parallel by methods: moments, graphical-analytical, and in some cases, graphical method. To restore gaps in observations and extend the series, the dependences of the water discharge of the studied river and the analogous river, as well as the graphs of the relationship between the average annual water discharge and the average discharge for the vegetation period for the same river, were used. It should be noted that the latter had very high correlation coefficients (0.8-0.99).
The annual runoff rate, expressed by the water discharge, was determined by for 54 gauging stations with observation series. As well as for several unexplored rivers - by calculation.
For the reference hydrological stations, the average error in calculating the runoff rate was ± 2.99 %, the extreme values ± 5.79 % (Left Shybinsay river – in mouth) and ± 0.71 % (Shukur river – in mouth).
The average error of the coefficient of variation was ± 2.29 %, and the extreme values ± 5.03 % (Left Shybinsay river – in mouth) and ± 0.50 % (Shukur river – in mouth).
Thus, the series of river water runoff were obtained for a representative period from 1938 to 2015.
Analysis of long-term observation series of water discharge of the Almaty territory rivers has showed that changes in annual runoff occur as under the climatic changes influence (Kishi Almaty - downstream of the mouth of Sarysai, Ulken Almaty-2 km upstream of Ulken Almaty lake) and in connection with the strengthening of anthropogenic influence (the Kishi Almaty - Almaty city, the Ulken Almaty, 2 km above the mouth of the Prokhodnaya river).
The calculated norms and variability of the annual runoff, as well as the values of the average long-term annual runoff of various availability for the control gauging stations of the study area were given in the research report 2019 by this project.

4.2 Calculation of maximum runoff characteristics
At determining the maximum river runoff in the study area, cadastral data on hydrological stations of the Balkash lake basin were used, which is part of the network of the RSE "Kazhydromet", from the beginning of instrumental observations until 2015 inclusive [10-15]. Currently, there are 11 operating and 20 closed hydrological gauging stations in the city's area (the research report 2018 by this project). The available gaps in the series of observations of the maximum flow were reconstructed according to the graphs, which were determined by the tightness of the connection exceeding 0.70. In the study area, the communication density fluctuated 0.71-0.88. The duration of observation periods for the highest water discharge in the study area is from 5 to 86 years. When calculating the maximum runoff and estimating its errors, the generally accepted recommendations set forth in [55-58] were used. 
For the calculation period, the largest number of completed cycles was taken, consisting of groups of low-water and high-water years,
The choice of the calculation period for the maximum water discharges of the study area was carried out by constructing differential integral curves, which is used to determine the representativeness of a number of observations for periods and years. For rivers within the city of Almaty, 1940-2015 was chosen as the calculation period.
The probabilistic values of the maximum runoff of rivers of rare recurrence were produced by the methods: moments, graphical-analytical, and in some cases, also a truncated method proposed by R.I. Galperin.
Analysis of long-term series of observations of the maximum runoff of rivers in Almaty showed that changes in maximum runoff occur under the influence of natural changes (increased temperature background, degradation of glaciers, increased precipitation, and, as a consequence, the manifestation of mudflows and floods), and in connection with intensification of anthropogenic load on river runoff.
As a result of the analysis of the series of observations of the maximum water discharges for a long-term period, the specified characteristics of the maximum runoff of the Almaty rivers were obtained. Comparative analysis of the results of calculations of the maximum runoff with the results of studies in 2012 [59] shows a decrease in the values of the maximum runoff rates of rare recurrence. Thus, along the section Kishi Almaty - Almaty city, the value of the maximum runoff rates of 1 % of probability (rare recurrence) was 54.0 m3/s, which is 7 % lower than the values obtained in [59].
The maximum runoff of the rivers (the Kishi and Ulken Almaty rivers) is influenced by climatic and intense anthropogenic factors. The Almaty city has a complex effect on the maximum runoff of rivers, it is associated with water intakes, the transformation of water bodies, as a result of landscaping; backfilling and sewerage of rivers and streams, regulation of runoff, influence on the natural hydrochemical composition of water bodies [60].
The calculated statistical parameters of the maximum runoff of various availability at the hydrological posts of the study area are given in the research report 2019 by this project.

4.3 Calculation of minimum runoff characteristics
First of all, it should be noted that the minimum river runoff of the study area has been studied much less than the annual and maximum.
To determine and calculate the minimum water discharges of the rivers of the study area, cadastral data on hydrological stations that are part of the network of the RSE "Kazhydromet" were used from the beginning of instrumental observations until 2017.
When determining the calculated values of the minimum runoff of the main rivers of Almaty, an analysis was made of the minimum average monthly water discharge of the summer-autumn dry season at the gauging stations of the river Ulken Almaty - 2 km above the Lake Ulken Almaty and river Kishi Almaty - below the mouth of the river Sarysay, rive Prohodnaya -mouth, as well as the river Aksai – Aksai village.
The minimum monthly runoff on the selected rivers was calculated for the period of the summer-autumn dry season (4 ... 10) of the hydrological year. On Mountain Rivers of the studied region, the minimum water discharge is observed, as a rule, at the end of the winter low-water period, before the beginning of the spring flood: at this time, the greatest depletion of the underground litany of rivers occurs 1952 ... 2017, 1934 ... 2017, 1957 ... 2015 were selected as the calculated observation periods (the research report 2018 by this project).
To calculate the minimum flow rate of water of different availability, the curves of availability were built for the posts of the river. Ulken Almaty - 2 km above Lake Ulken Almaty and on the river. Kishi Almaty - below the mouth of the river. Sarysay, r. Checkpoint - the mouth, as well as the river. Aksai - s. Aksai.
As a result, using new cadastral materials, including 2017, for gauging stations of the r. Ulken Almaty - 2 km above the lake. Ulken Almaty and on the r. Kishi Almaty - below the mouth of the river. Sarysay, the territorial coordination of the long-term course of the minimum average monthly summer-autumn runoff has been established. In addition, new data and refined parameters of the minimum monthly summer-autumn runoff were obtained, including the calculated guaranteed values of these values for the main rivers.
According to the gauging stations of the river Ulken Almaty - 2 km above the Lake Ulken Almaty and river Kishi Almaty - below the mouth of the river Sarysai, similar parameters were determined between the long-term average values of the summer-autumn minimum average monthly water consumption (the research report 2018 by this project).
The obtained basic characteristics of the minimum river runoff (norm, runoff layer, variation coefficients) correspond to the values given in published monographs and scientific articles [61–64] for the study area.
It should be noted that new data have been obtained on the asynchrony of long-term fluctuations in the minimum runoff on the river Kishi Almaty - Almaty city and below the mouth of the river Sarysay.
The revealed pattern for the Kishi-Almaty River refers to significant results of the study, since it is associated with differences in the factors of formation of the minimum flow in the upper and lower regions of the river. For example, the formation of surface and underground runoff is influenced by the difference in relief slopes in the upper and lower zones of the river, different climatic conditions, etc.

4.4 Recommendations for the determination of runoff characteristics for unexplored rivers
To determine the norm of the annual runoff of unexplored rivers in mountainous conditions, a method based on the dependence of the average annual water runoff modulus on the average weighted height of the catchment area is currently widely used [63-69]. The dependences М0 = f (Hav), constructed for the considered area, are shown in Figure 4.1.
Table 4.1 shows the characteristics of the average annual water discharge rate, the coefficients of variation and asymmetry, as well as the water discharge of various supplies of unexplored rivers in the territory of Almaty, obtained by calculation in the absence of observational data.
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Figure 4.1 - Dependence of the annual runoff rate on the weighted average height of the catchments of the Ile Alatau rivers, [7]

Table 4.1 - Average long-term annual water discharges and discharges of various probability of unexplored rivers in the Almaty territory, obtained by calculation

	№
	River - Point
	Catchment
	Average runoff long period, м3/s (1938-2015)
	Accepted values
	Water discarges of different probability, m3/s

	
	
	area, km2
	average height, m
	
	Сv
	Cs
	10%
	25%
	50%
	75%
	90%
	95%
	97%

	1
	Kerenkulak (Poganka) - mouth
	29,9
	1272
	0,097
	0,35
	1,06
	0,14
	0,11
	0,090
	0,071
	0,059
	0,052
	0,049

	2
	Botbaysay (Shirokaya Shchel) - mouth
	6,4
	1184
	0,018
	0,31
	0,72
	0,026
	0,021
	0,017
	0,014
	0,011
	0,010
	0,009

	3
	Abylgazy (Solonovka) - mouth
	8,5
	1273
	0,029
	0,31
	0,73
	0,041
	0,034
	0,028
	0,023
	0,019
	0,016
	0,015



Hydrological calculations for unexplored rivers within this region are complicated by mountainous relief and a sparse observation network. To increase the reliability of determining especially extreme characteristics of runoff, it is necessary to introduce into practice the dependence "water discharge - catchment area". These links are more reliable than those used in current regulations. Another important advantage is their simplicity in practical application. With the help of these links, it is possible to significantly clarify the limits of the areas in which the maximum runoff is reduced, the critical areas for calculating the annual and minimum runoff of small rivers, and hence the possibility of more reliable mapping of all these runoff characteristics.
It is also possible to improve the methodology for assessing long-term runoff variability based on the use of the “standard deviation - runoff rate” relationship. Analysis of the two types of the above relationships can be used to clarify hydrological zoning.
An increase in water consumption and a reduction in water resources due to unfavorable climatic trends, along with global climate changes, lead to a change in the parameters of the minimum and ecological runoff, which, in turn, requires constant, detailed monitoring and improvement of calculation methods for the characteristics of the minimum runoff for the mountainous and foothill zone of the city Almaty zone.
To determine the characteristics of the minimum runoff for unexplored rivers, reference rivers and their characteristics obtained in Section 4.3, as well as schematic maps of isolines of the minimum runoff modules, and regional calculated dependencies, can be used as analogous rivers [61-65].

.

5 Estimation of the trends of the variability of the water runoff of the Almaty rivers for a long period depending on natural and anthropogenic factors

5.1 Modern dynamics of changes in climatic characteristics of Almaty
To analyze modern changes in climatic parameters, we used long-term data on average monthly air temperatures and precipitation totals for four operating stations in the region under study (Almaty OGMS, Kamenskoe plateau, Mynzhilki, Bolshoye Almaty Lake) for the period from the beginning of observations until 2016.
Figure 5.1 shows the long-term course of sliding five-year periods for the stations of Almaty, BAO, Kamenskoe plateau, Mynzhilki (Appendix A, Figures A.1-A.3). The analysis of these graphs revealed that in general, both at the plain and at the mountain stations, there is an identical pronounced positive trend in the average annual temperature, approximately 1.5-2.5 ° С. The highest values were recorded between 2004 and 2010. The maximum temperature reaches 11.1 ° C at the Almaty meteorological station.
	

Figure 5.1 - Long-term variation of moving five-year averages of mean annual air temperatures for the period 1916 - 2016 at the Almaty meteorological station

In the long-term course of annual precipitation amounts (Figure 5.2), a tendency to their increase is noted in most of the territory under consideration. Trends in the mean values of the mean annual precipitation amounts for the selected stations are characterized by growth trends. A noticeable increase in the amount of precipitation is observed at the Almaty meteorological station. The maximum is observed in the period from 2001 to 2005 years - 761 mm.


Figure 5.2 - Long-term variation of rolling five-year averages of annual precipitation amounts for Almaty meteorological station in the period from 1916 to 2016

At BAL station, a noticeable decrease in precipitation was observed from the 1960s, from the 1985s, and also from the beginning of the 2000s (about 940 mm) (Appendix A, Figure A.4).
Judging by the figures (Appendix A, Figures A.5-A.6), it can be noted that for the considered observation period at all stations there is a positive trend in the number of average annual precipitation amounts with some decreases (about 20-50 mm). The maximum precipitation amounts have been mainly observed since the beginning of the 21st century, i.e. since the 2000s.
In addition, an analysis of the seasonal values of air temperature for the corresponding stations was carried out, which showed that in all seasons there is a tendency for an increase in temperatures of 1-3 ° C. Temperatures in spring and autumn are almost identical. At Almaty station, the trend of winter temperatures is more pronounced than for other seasons. Also, at the mountain stations BAL and Mynzhilki, there is a more pronounced positive trend in all seasons. At the BAL station, the air temperature in summer and autumn does not have significant growth or fall jumps and fluctuates within about 10.0-11.0 ° С and 0.5-2.5 ° С, respectively. As for the air temperature in winter, it can be noted that in the 30s the lowest temperatures were noted for the entire period under consideration, and amounted to about -9.5 ° C.
At analyzing the distribution of the average values of seasonal precipitation amounts over rolling five-year years, it was revealed that in autumn and summer for the Almaty meteorological station, the amount of precipitation fluctuates in the region of 100-150 mm. At BAL station, in summer and spring, an almost identical course of precipitation amounts is observed, the average amount of precipitation amounts is about 300 mm. At all the studied stations, except for the Kamenskoe plateau station, a positive trend in the increase in the amount of precipitation was revealed. The Kamenskoe Plateau is characterized by a weak tendency to decrease precipitation in spring and autumn. For Mynzhilki station, the distribution of seasonal precipitation amounts is characterized by a uniform course with an insignificant increase throughout the study period.
Linear trends in the moving five-year mean values of seasonal precipitation amounts over the study area for the period from the station opening to 2016 indicate an almost year-round small increase in precipitation amounts.
In the course of the study, for the stations under consideration, the long-term average values of air temperature and precipitation for the studied observation period were also compared with the corresponding climatic norms of 1971-2000. [1]. As a result, it was revealed that at the Kamenskoe Plateau station, the mean long-term temperature value exceeds the climatic norm in almost all months, except for April, September and October. At Mynzhilki station, a significant difference is observed between the mean multiyear value and the climatic norm. At BAO station, mean long-term values are predominantly below the climatic norm. At Mynzhilki and Almaty stations during the cold period, the mean long-term temperature is generally less than or equal to the climatic norm, and the picture changes during the warm period.
Based on a comparison of the mean long-term value of the precipitation totals with the climatic norm for the stations, it was revealed that at the Kamenskoye Plato station and BAL, the long-term average value of the precipitation totals exceeds the climatic norm. At BAL station practically in all months, except for May, July and September, and at Kamenskoe Plateau station in February, July and October, the average long-term precipitation amounts and the climatic norm are equal.
Also, to assess climate dynamics, the main statistical characteristics of temperature and precipitation were calculated: standard deviation, variance, asymmetry coefficients As and kurtosis Ex.
Analysis of As and Ex indicates that the distributions of monthly precipitation amounts differ from normal. The values of the asymmetry coefficient are positive in all cases, which is consistent with the studies of other authors [71-72].
The variation in values is small. In the cold period, large values of the standard deviation are noted, and in the warm period, less. The annual course of the mean square deviations is the opposite of the annual course of the average monthly temperatures. It is almost the same at all the stations considered: it has a minimum in the warm half of the year (August) and a maximum in the cold half of the year (January).
As is known, in the first approximation, with values of the asymmetry coefficient As <0.2, it is considered insignificant, with 0.2 <As <0.5 - moderate, with As> 0.5 - strong. In the distribution of monthly precipitation totals, the asymmetry is strong, less often moderate. There are no perfectly symmetric distributions. Negative kurtosis does not exceed the limiting border, positive kurtosis vary from 0.1 to 14.
Thus, based on the analysis of trends in temperature and the amount of precipitation, a positive growth trend was revealed for the entire period under consideration, especially since the beginning of the 21st century. When comparing the average long-term values of the parameters with climatic norms, one can also conclude that the average long-term values are slightly exceeded over the norm practically throughout the entire territory, which is also consistent with the calculated statistical characteristics.
It is also necessary to note the influence of urban agglomeration and anthropogenic activity, due to which the temperature regime in urbanized areas changes and the urban climate is formed.
One of the important factors in the formation of the urban climate are anthropogenic heat fluxes, which increase the air temperature in the city [73]. The influence of this effect on the urban microclimate is especially significant for millionaire cities, such as the megalopolis of Almaty, in which the specific values of technogenic heat fluxes exceed those of smaller industrial centers.
Another factor that determines the thermal regime of the urban climate system is the nature of the development of the urban area, which affects its ventilation and the absorption of solar energy [74].
In addition, the city of Almaty is distinguished by a polluted atmosphere due to road transport and industrial activities, which increases its turbidity and thereby reduces the influx of solar radiation, which is also enhanced by high buildings in narrow streets. Due to the veil of smoke and dust on the territory of the city, effective radiation is reduced, and hence the night cooling. At the same time, in the city, scattered radiation is joined by radiation reflected by walls and pavements. Roofs and walls of houses, pavements and other elements of the city, absorbing radiation, heat up during the day more than the soil and grass, and give off heat to the air, especially in the evening. Therefore, air temperatures in cities are 70-80 % of cases higher than in rural areas.
The system of city streets and squares leads to changes in the direction of the wind in the city. The wind is mainly directed along the streets. In general, the wind speed in the city weakens, but increases in narrow streets; dusty whirlwinds and drifts easily occur on streets and intersections.
Thus, modern urbanization and the observed warming of the climate have a multifaceted impact on the climate of large cities. Changes in the landscape of urbanized areas and the high density of anthropogenic heat fluxes on the territory of megalopolises contribute significantly more to the formation of an urban heat island than in smaller cities.

5.2 Assessment of trends in water runoff variability in Almaty Rivers over a long-term period depending on natural and anthropogenic factors
As a result of the analysis of the series of observations of the water discharge of the rivers of the territory of Almaty in long-term periods, changes in the annual river runoff were revealed, both under the influence of climatic changes (the Kishi river Almaty - below the mouth of the Sarysai river, the Ulken Almaty river - 2 km above Lake Ulken Almaty), and in connection with the strengthening of anthropogenic influence (the Kishi Almaty - Almaty city, the Ulken Almaty, 2 km above the mouth of the Prokhodnaya river).
Climatic changes are confirmed by positive trends in mean annual air temperature and precipitation.
In this study, using the moving average method, which is widely used in studying the patterns of runoff fluctuations, the analysis of the studied time series was carried out and trends in its change were identified by building trends. As a result, runoff trends were obtained using data for the estimated period 1938-2015, presented for individual rivers in Figures 5.3-5.5.
The analysis of the obtained trends showed that positive trends in runoff change are observed along the main rivers, indicating an increase in the runoff of the rivers of the study area, using which it is possible to give "scenario forecasts" of water discharges for the coming decades based on extrapolation of the identified trends in the long-term runoff of Almaty rivers.
In the course of the study, a joint analysis of the dynamics of atmospheric precipitation, air temperature at meteorological stations and water flow rates at hydrological posts of the study area was carried out. Figures 5.6-5.7 show a combined graph of the long-term variation of five-year sliding sums of precipitation, air temperature and water discharge for the Almaty and BAL weather station, as well as for the gauging stations of Kishi Almaty - Almaty and Ulken Almaty - above 1.1 km of Big Almaty Lake.
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Figure 5.3 - Long-term variation of moving ten-year averages of the mean annual water discharges of the river Kishi Almaty - below the mouth of the river Sarysay for 1938-2015
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Figure 5.4 - Long-term variation of moving ten-year averages of average annual water discharges of the river Ulken Almaty - 2 km above Lake Ulken Almaty for 1938-2015
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Figure 5.5 Long-term variation of moving ten-year averages of average annual water discharges in the river. Kargaly-s. Chapaevo for the period 1938-2015



Figure 5.6 - Combined graph of the multi-year course of quinquennium sliding sums of atmospheric precipitation, air temperature according to the data of the Almaty meteorological station and water discharge in the gauging stations river Kishi Almaty - Almaty



Figure 5.7 - Combined graph of the multi-year course of quinquennium sliding sums of atmospheric precipitation, air temperature according to the data of the BAL meteorological station and water flow rates at the gauging station of the river Ulken Almaty - above 1.1 km of the BAL
Figure 5.7 shows that with an increase in atmospheric precipitation and air temperature, water consumption increases.
The runoff of the studied rivers within a year is associated not only with changes in precipitation and air temperature, but also with anthropogenic factors. As can be seen from Figure 5.6, on the combined graph for the Almaty meteorological station and the Kishi Almaty-Almaty station, there is a noticeable decrease in water discharge and a negative trend for the household flow of the river, due to the anthropogenic influence of the urbanized area. At the same time, the runoff naturally restored by analogy shows an increase in water consumption due to an increase in precipitation and air temperature.

5.3 Recommendations for taking into account the influence of natural, anthropogenic factors on the hydrological characteristics of water bodies in urbanized areas and improving the ecological state of small rivers (on example Almaty)
The condition of water bodies is the most important indicator of the ecological well-being of Almaty and other urbanized territories, since they are integral elements of the entire landscape-architectural system of the megalopolis, perform sanitary-biological, climate-forming, cultural-historical, recreational functions.
Almost all urban water bodies and watercourses are natural-anthropogenic or completely anthropogenic (technogenic) objects. The intensity and direction of changes in the hydrological characteristics of water bodies in urbanized areas differ significantly from the state and changes in similar characteristics of natural water bodies.
As the results of the studies carried out for the megalopolis of Almaty have shown, taking into account the influence of natural and anthropogenic factors on hydrological characteristics should include a wide range of measures, consisting of the following main stages.
The initial stage consists of the collection and creation of a complete database of observations of hydrometeorological data, including the restoration of passes and data in the absence of observations for all water bodies of the city.
Since the boundaries of urban areas periodically change, and the water bodies of the city themselves are subject to significant changes under the influence of natural and anthropogenic factors, at the next stage it is necessary to conduct research to clarify their hydrography and create a reliable topographic base (map) using modern GIS technologies. Such a map will serve as the basis for modeling and scientifically grounded forecast of the development of urbanized territories, engineering reconstruction of water bodies, and improving the environment.
In the future, based on the results of determining the main hydrological characteristics, trends of variability of these characteristics, supplemented by the results of measurements and calculations of the channel water balance, it is necessary to regionalize and classify the water bodies of the city, primarily according to the ecological state, economic use, target potential and significance. This will make it possible to rank measures for the rational use and protection of water bodies, methods of their engineering and environmental arrangement within the boundaries of the entire city.
For example, for the city of Almaty, the results of the research carried out served as the basis for the development of recommendations on the protection and restoration of small rivers, substantiation of the size of water protection zones (WPZ) and water protection belts (WPB) within the city [24].
Based on the revealed results of the influence of natural and anthropogenic factors on the hydrometeorological characteristics of water bodies, it becomes possible to adjust plans for optimizing urban infrastructure, in terms of the optimal location of industrial and economic enterprises, determining zones, areas of comfortable and safe residence of residents. The latter is very important for the Almaty city, in connection with the unique altitudinal zonality and, associated with this, various climatic, sanitary and ecological conditions from the northern to southern borders of the city.
As the main results of research on this project have shown, there is an urgent need to expand and optimize the network of hydrometeorological and environmental monitoring of the territory of Almaty. The solution to this problem, to create the basis for the sustainable functioning and development of the agglomeration of Almaty and other urbanized territories, is one of the most significant and basic recommendations of the implemented project.





CONCLUSION

All types of work in accordance with the timetable for the topic are completed. Based on this, can be make the following main conclusions:
- the laborious work on creation of the bank of hydrometeorological characteristics was done. The formed hydrological data bank contains information on river water runoff at 54 observation points at gauging stations of the RSE "Kazhydromet" and departmental organizations, and the meteorological data bank on climatic parameters - for 6 meteorological stations for all available observation periods, up to 2015 inclusive;
- analysis of the factors of runoff formation showed that its main natural factors in the study area are: relief, geological structure of the territory, climate, soil and vegetation cover, hydrography. It was revealed that economic activity in the upper part of their basins also has a significant impact on the formation of water runoff in watercourses in Almaty. The drainage basins of the four main rivers flowing through the Almaty city: Ulken and Kishi Almaty, Kargaly and Aksai have a total amplitude of about 4000 m BS;
- an important result of the first stage of the work was the field reconnaissance studies to clarify the hydrographic characteristics of water bodies. As a result, it was revealed that due to the engineering redevelopment of urban areas, backfilling of individual sections of river channels, underground sewerage and inter-basin diversion of river runoff, as well as the improvement of individual sections of channels, significant changes occurred in the hydrography of the urban area of Almaty;
- based on the research results an updated modern hydrographic schematic map of Almaty at a scale of 1: 25,000 was compiled, created using the ArcGIS 10.4 software;
- analysis of the water regime of the rivers in the Almaty territory showed that the main ones cross several high-altitude zones and have mixed feeding. In general, according to the water regime, all rivers in the Almaty territory are divided into four main groups [8]: rivers with spring flooding and floods in the warm season; rivers with spring-summer flooding and floods in the warm season; rivers with summer floods and floods in the warm season; rivers with a leveled runoff due to increased groundwater supply;
- conducted field measurements of the channel water balance on water bodies in Almaty, which showed its rather large changes. The sections of channel losses during concreting became transit, i.e. the planned location of the water balance areas has changed. Specific values of losses and wedging out in river beds have changed;
- it was revealed that as a result of the intensive use of the Almaty groundwater deposit for domestic water supply of the city, the runoff of the “karasu” rivers decreased, and the pinch-out zone (sources) of the “karasu” rivers shifted northward, while the seasonal fluctuations of the runoff characteristics were smoothed out;
- at calculating the characteristics of the annual, maximum and minimum runoff of the main rivers, the series of runoff observations up to 2015 were used;
- the norm of the annual runoff, expressed by the water discharges, was determined by us not only for 54 points with observation series, but also for three rivers with no runoff observation data: river Kerenkulak - mouth, river Botbaysay - mouth and river Abylgazy - mouth;
- analysis of long-term series of observations of water discharges of rivers in the Almaty city territory are showed that changes in annual runoff occur as under the influence of climatic changes (Kishi Almaty river - below the mouth of the Sarysay river, Ulken Almaty river - 2 km above Lake Ulken Almaty ), and in connection with the strengthening of anthropogenic influence (the Kishi Almaty - Almaty, the Ulken Almaty, 2 km above the mouth of the Prokhodnaya river). Climatic changes are confirmed by positive trends in mean annual air temperature and atmospheric precipitation;
- based on the research results, the recommendations were developed for determining the runoff characteristics for unexplored rivers To calculate the rate of annual runoff in mountainous areas, it is recommended to use a method based on the dependence of the average annual module of river runoff on the average weighted height of the catchment area (М0 = f (Have));
- using the moving average method, which is widely used in the study of the regularities of runoff fluctuations, the analysis of the time series of the annual runoff was carried out and trends in its change were identified by plotting trends for the estimated period 1938-2015. As a result, it was revealed that positive trends in runoff change were observed in the main rivers during this period;
- in the course of the study, a joint analysis of the dynamics of atmospheric precipitation, air temperature by meteorological stations and water discharges at hydrological gauging station of the study area was carried out, which showed a noticeable decrease in water discharges and a negative trend for the domestic river runoff caused by anthropogenic influence. At the same time, the runoff naturally restored by analogy shows an increase in water consumption due to an increase in precipitation and air temperature.
Inventory number for 2018: 0218RK00539
Inventory number for 2019: 0219RK00650
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Figure А.1 - Long-term variation of sliding quinquennium averages of average annual air temperatures for the period 1932-2016 at the station Big Almaty Lake



Figure А.1 - Long-term variation of sliding quinquennium averages of average annual air temperatures for the period 1932-2016 at the station Big Almaty Lake



Figure A.3 - Long-term variation of sliding quinquennium averages of average annual air temperatures for the period 1937 - 2016 at Mynzhilki station




Figure A.4 - Long-term variation of sliding quinquennium averages of average annual precipitation for the BAL station in the period from 1932 to 2016



Figure A.5 - Long-term variation of sliding quinquennium averages of average annual precipitation for Kamenskoe Plateau station in the period from 1961 to 2016


Figure А.6 - Long-term variation of sliding quinquennium averages annual precipitation amounts for Mynzhilki station in the period from 1937 to 2016
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TECHNICAL SPECIFICATIONS AND CALENDAR WORK PLAN

Under contract No. _____ dated _________________2018

1. The SBE on the REM "Research Institute of Ecology problems" RSE on the REM" al-Farabi Kazakh National University" of the Ministry of Education and Science of the Republic of Kazakhstan

1.1 By priority: Rational use of natural resources, including water resources, geology, processing, new materials and technologies, safe products and structures
1.2 By sub-priority: Management of water, soil and biological resources
1.3 On the topic of the project: No. AP05130805 "Assessment of the impact of natural factors and economic activity on the state of water bodies of urbanized territories (on the example of Almaty city)"
1.4 The total amount of the project is 18,120,000 (eighteen million one hundred twenty thousand) tenge, including with a breakdown by years, for the performance of work in accordance with clause 3:
- for 2018 - in the amount of 6,000,000 (six million) tenge;
- for 2019 - in the amount of 6,054,000 (six million fifty four thousand) tenge;
- for 2020 - in the amount of 6,066,000 (six million sixty-six thousand) tenge;

2. Characteristics of scientific and technical products by qualification characteristics and economic indicators

2.1 Direction of work: geography, hydrology, ecology
2.2 Application: hydrology
2.3 End result:
- for 2018: Databank of hydrometeorological information. Updated hydrographic schemes of the Almaty territory. Publication in a foreign peer-reviewed scientific journal Scopus with a non-zero impact factor.
- for 2019: Channel water balance of mountain springs and karasu rivers. Schematic maps of hydrography of the Almaty territory, hydrometeorological study, economic use and points for measuring channel water balance. Calculated characteristics of the maximum and minimum water runoff of the rivers of the study area.
- for 2020: Recommendations for the determination of hydrological characteristics of unexplored rivers. According to the results of the study, it is planned to publish the monograph "Rivers of the Almaty megapolis" in the publishing house "Kazakh University". Publication in a foreign peer-reviewed scientific journal Scopus with a non-zero impact factor.
2.4 Patentability: are patentable.
2.5 Scientific and technical level (novelty): Based on the assessment of the impact of urbanized areas on hydrological processes for small rivers of Almaty. Taking into account the revealed patterns of influence of urbanized areas on surface waters, a system of effective water protection measures for the Almaty city has been developed and implemented. Taking into account the identified patterns, recommendations were developed and implemented for the design of water protection zones and coastal protection zones for water bodies of urbanized areas, and quantitative hydrological characteristics of changes in runoff and water balance elements under the influence of the Almaty megalopolis, as one of the largest urbanization objects in the Republic of Kazakhstan, were obtained.
2.6 The use of scientific and technical products is carried out: by the Customer and the Contractor
2.7 Type of use of the result of scientific and (or) scientific and technical activities: scientific articles and reports.
3. Name of work, terms of their implementation and results

	Cipher of the task stage
	Name of works under the Contract and the main stages of its implementation
	Deadline
	Expected Result

	
	
	start
	ending
	

	1
	Analysis of the conditions for the formation of runoff in urbanized territories and existing methods for calculating its main hydrological characteristics, creation of a data bank on hydrometeorological characteristics and knowledge of the study area.
	03.01.2018
	30.04.2018
	Generalization of existing methods for calculating the main hydrological characteristics of runoff and water balance of urbanized areas and a databank of hydrometeorological information.

	2
	Creation of a data bank on hydrometeorological characteristics and knowledge of the study area, on the economic use of waters, field work on hydrographic survey of river systems in the Almaty territory.
	02.05.2018
	31.08.2018
	Databank of hydrometeorological information, data on water use, updated hydrographic diagram of the Almaty territory.

	3
	Creation of a data bank on hydrometeorological characteristics, carrying out field work to assess the channel water balance of the main rivers of the study area.
	03.09.2018
	01.11.2018
	Databank of hydrometeorological information. Tables for calculating the channel water balance of the main rivers in the territory of Almaty. Publication in a foreign peer-reviewed scientific journal Scopus with a non-zero impact factor

	4
	Carrying out field work to assess the channel water balance of mountain sources and river-karas of the study area. Hydrological calculations of the annual runoff - norms and other elements of the water balance.
	03.01.2019
	30.06.2019
	Channel water balance of mountain springs and karasu rivers, the results of calculating the main characteristics of river water flow and identifying trends in runoff variability over a long-term period depending on changes in natural and anthropogenic factors.



	5
	Drafting scheme-maps of hydrography, hydrometeorological studying, scheme herringbone for economic use and schemes of location points for measuring the channel water balance.
	03.01.2019
	31.10.2019
	Schematic maps of hydrography of the Almaty territory, hydrometeorological studying, economic use and points for measuring the channel water balance.

	6
	Hydrological calculations of maximum and minimum runoff
	08.01.2019
	11.01.2019
	Calculated characteristics of the maximum and minimum water runoff of the rivers of the study area

	7
	Development of recommendations for determining the hydrological characteristics of unexplored rivers
	03.01.2020
	30.06.2020
	Recommendations for determining the hydrological characteristics of unexplored rivers

	8
	Generalization of materials on the impact of the megalopolis on hydrometeorological characteristics and on the water balance of the territory. Preparation for publication of a monograph on the Rivers of the Almaty megalopolis
	07.01.2020
	11.01.2020
	Based on the results of the study, it is planned to publish the monograph "Rivers of the Almaty megapolis" in the publishing house "Kazakh University". Publication in a foreign peer-reviewed scientific journal Scopus with a non-zero impact factor







APPENDIX C

Publication and approbation of research results

As part of the work performed from 2018-2020 project participants published 15 articles:
1) Oleg Halidullin, Nurushev M.Zh. and Duskaev KK. Changing of the Climate. Acta Scientific Agriculture. Volume 2 Issue 1, 2018, p. 20-22.
2) Oleg Halidullin and Duskaev K.K. The Man and the Cycle of Water in Nature. Advance in Environmental Waste Management & Recycling. Volume 1 Issue 1, 2018, p. 1-3.
3) Khalidullin O.Kh., Duskaev K.K. Man and the water cycle in nature. International scientific journal "Science without Borders", No. 3 (20). Moscow, 2018, pp. 96-102. (In Russian)
4) Duskaev K.K., Zhanabayeva Zh.A. Participation of students in research work as the basis for the formation of practice-oriented competencies in innovative education. Materials of the 48th international scientific and methodological conference "The role of higher educational institutions in the modernization of public consciousness: the transition to the" University 4.0 "model. Volume 2. Almaty "Kazakh University", 2018, pp.96-98. (In Russian)
5) Sanya Akhmetova, Kassym Duskaev Dynamics of changing air temperature and precipitation in Almaty city // International Symposium on Water and Land Resources in Central Asia. 9-11 October 2018 Almaty, Kazakhstan. Proceedings Paper, p. 20-21.
6) T.A. Baimoldaev, M.K. Kasenov, A.K. Mussina, Zh.T. Raimbekova Spatial-temporal analysis of the distribution of mudflow phenomena and ways to prevent and reduce their destructive effects in the mountainous and foothill regions of Kazakhstan // Mudflows: disasters, risk, forecast, protection. Proceedings of the 5th International Conference. Tbilisi, Georgia, October 1-5, 2018 - Resp. ed. S.S. Chernomorets, G.V. Gavardashvili.-Tbilisi: Universal, 2018, p. 262-270. (In Russian)
7) Alexander G. Chigrinets, Lidiya P. Mazur, Kassym K. Duskayev, Larissa Y. Chigrinets, Saniya T. Akhmetova Water economy balance of the Almaty city. - Journal of Ecological Engineering, SJR: 0.224, Volume 20, Issue 3, 2019, P.194-203.
8) Akhmetova S.T. Analysis of atmospheric aridity in the territory of Almaty region - Materials of the International Scientific Conference "Farabi Alemi". Almaty, Kazakhstan, April 8-12, 2019, pp. 279-283. (In Russian)
9) Duskaev K.K., Chigrinets A.G., Musina A.K., Zhanabaeva Zh.A., Akhmetova S.T., Ermash E.K. Assessment of the maximum water discharge of the rivers of the city of Almaty - Hydrometeorology and ecology, No. 2, 2019, P.7-22. (In Russian)
10) N.T. Serikbay, K.K. Duskaev, S.T. Akhmetova, M. Ospanova Assessment of changes in the characteristics of the minimum runoff in the Esil river basin, - Hydrometeorology and ecology, No. 1, 2019. pp. 145-153. (In Russian)
11) S.T. Akhmetova, J.R. Ilarri, K.K. Duskayev Analysis of atmospheric aridity in the territory of Almaty region in the conditions of modern climate change. - Bulletin of KazNU, geographic series, No. 3, 2019. P. 49-58.
12) A.K. Mussina, M. Shahgedanova, Zh.T. Raimbekova, Z.S. Marven "Possibilities of application of world models at prediction of rainfall generated mudflows". - Bulletin of KazNU, geographic series. No. 3 (54). 2019. P. 26-37. 
13) Duskaev K.K., Chigrinets A.G., Akhmetova S.T. The impact of climate change and economic activity on the state of water bodies in urbanized areas (for example, Almaty). Materials of the international scientific-practical conference "The role of the President of Tajikistan in solving global problems: Water is the source of life." Almaty, 2019.P. 14-18. (In Russian)
14) Duskaev K.K., Chigrinets A.G., Gapparov A.Z., Akhmetova S.T. Alken zhune Kishi Almaty Ozenderi poolderi boyinsha minimaly zhazy-kozgi akyndynyk sipattamalary - Hydrometeorology and ecology, No. 2, 2020, pp. 36-46. (In Kazakh)
15) Alexander G. Chigrinets, Lidiya P. Mazur, Kassym K. Duskayev, Larissa Y. Chigrinets, Saniya T. Akhmetova, Mussina A.K. Evaluation and Dynamics of the Glacial Runoff of the Rivers of the Ile Alatau Northern Slope in the Context of Global Warming. - International Journal of Engineering Research and Technology, Volume 12, Issue 8, 2020, P.1279-1277.
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APPENDIX D

Publication and approbation of research results

As part of the work performed from 2018-2020 project participants received 2 patents:

Patents:
1) Khalidullin O.Kh., Salnikov V.G., Duskaev K.K., Khalidullin R.O. Way and deepening of the river bottom. Patent for invention of the Republic of Kazakhstan No. 33643 (date of registration in the State Register of Inventions of the Republic of Kazakhstan: 05/21/2019). Patentee: The SBE on the REM "Research Institute of Ecology problems" RSE on the REM" al-Farabi Kazakh National University" of the Ministry of Education and Science of the Republic of Kazakhstan.
2) Khalidullin O.Kh., Salnikov V.G., Duskaev K.K., Khalidullin R.O. Method and deepening of the river bottom. A method of forming a river bottom by influencing the current and a device for its implementation. Patent for invention of the Republic of Kazakhstan No. 33724 (date of registration in the State Register of Inventions of the Republic of Kazakhstan: 20.06.2019). Patentee: The SBE on the REM "Research Institute of Ecology problems" RSE on the REM" al-Farabi Kazakh National University" of the Ministry of Education and Science of the Republic of Kazakhstan.
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1927-1931	1928-1932	1929-1333	1930-1934	1931-1935	1932-1936	1933-1937	1934-1938	1935-1939	1936-1940	1937-1941	1938-1942	1939-1943	1940-1944	1941-1945	1942-1946	1943-1947	1944-1948	1945-1949	1946-1950	1947-1951	1948-1952	1949-1953	1950-1954	1951-1955	1952-1956	1953-1957	1954-1958	1955-1959	1956-1960	1957-1961	1958-1962	1959-1963	1960-1964	1961-1965	1962-1966	1963-1967	1964-1968	1965-1969	1966-1970	1967-1971	1968-1972	1969-1973	1970-1974	1971-1975	1972-1976	1973-1977	1974-1978	1975-1979	1976-1980	1977-1981	1978-1982	1979-1983	1980-1984	1981-1985	1982-1986	1983-1987	1984-1988	1985-1989	1986-1990	1987-1991	1988-1992	1989-1993	1990-1994	1991-1995	1992-1996	1993-1997	1994-1998	1995-1999	1996-2000	1997-2001	1998-2002	1999-2003	2000-2004	2001-2005	2002-2006	2003-2007	2004-2008	2005-2009	2006-2010	2007-2011	2008-2012	2009-2013	2010-2014	2011-2015	2012-2016	2.254	2.2080000000000002	1.9960000000000022	2.0840000000000005	2.1759999999999997	2.2779999999999996	2.4079999999999999	2.4559999999999977	2.2960000000000003	2.1359999999999997	2.0880000000000001	2.2119999999999997	2.2199999999999998	2.1880000000000002	2.1739999999999999	2.1559999999999997	2.0759999999999987	2.1459999999999999	2.286	2.4240000000000004	2.3119999999999967	2.29	2.2240000000000002	2.2080000000000002	2.1319999999999997	2.2599999999999998	2.1119999999999997	2.3179999999999987	2.4080000000000004	2.5460000000000003	2.5099999999999998	2.5539999999999998	2.4840000000000004	2.4000000000000004	2.2119999999999997	2.3299999999999987	2.3619999999999997	2.15	2.1180000000000003	2.1440000000000001	1.9219999999999973	1.8940000000000001	2.0219999999999998	1.9930699999999997	1.9858649999999993	2.045185	2.04548	1.9787999999999997	1.9260750000000022	1.9205249999999996	1.9510500000000017	1.8983250000000003	1.9149749999999992	1.9094249999999973	1.9982249999999997	2.0287500000000001	2.1563999999999997	2.3367749999999967	2.453325	2.5587749999999998	2.5865249999999995	2.6170499999999977	2.56155	2.6087250000000002	2.51715	2.5143749999999998	2.4672000000000001	2.4005999999999998	2.403375	2.4366749999999953	2.42835	2.4699750000000003	2.4905354738673204	2.4516854738673177	2.5932104738673205	2.6598104738673198	2.6154104738673203	2.5615499999999987	2.5115999999999987	2.4311249999999998	2.3700749999999977	2.3450999999999977	2.3561999999999967	2.2951500000000005	2.1896999999999998	2.3031300000000012	Температура	y = 0,026x + 8,16
1927-1931	1928-1932	1929-1333	1930-1934	1931-1935	1932-1936	1933-1937	1934-1938	1935-1939	1936-1940	1937-1941	1938-1942	1939-1943	1940-1944	1941-1945	1942-1946	1943-1947	1944-1948	1945-1949	1946-1950	1947-1951	1948-1952	1949-1953	1950-1954	1951-1955	1952-1956	1953-1957	1954-1958	1955-1959	1956-1960	1957-1961	1958-1962	1959-1963	1960-1964	1961-1965	1962-1966	1963-1967	1964-1968	1965-1969	1966-1970	1967-1971	1968-1972	1969-1973	1970-1974	1971-1975	1972-1976	1973-1977	1974-1978	1975-1979	1976-1980	1977-1981	1978-1982	1979-1983	1980-1984	1981-1985	1982-1986	1983-1987	1984-1988	1985-1989	1986-1990	1987-1991	1988-1992	1989-1993	1990-1994	1991-1995	1992-1996	1993-1997	1994-1998	1995-1999	1996-2000	1997-2001	1998-2002	1999-2003	2000-2004	2001-2005	2002-2006	2003-2007	2004-2008	2005-2009	2006-2010	2007-2011	2008-2012	2009-2013	2010-2014	2011-2015	2012-2016	8.1950000000000003	8.1450000000000014	8.288333333333318	8.2666666666666728	8.1950000000000003	8.3250000000000028	7.9866666666666761	8.056666666666688	8.4850000000000048	8.9350000000000005	9.4683333333333337	9.7466666666666661	9.658333333333335	9.5550000000000068	9.2766666666666708	8.8766666666666882	8.9583333333333321	9.0000000000000018	8.788333333333318	8.7650000000000006	8.6483333333333139	8.41	8.4400000000000013	8.2800000000000011	8.4616666666666767	8.6900000000000013	8.7750000000000004	8.7050000000000001	8.9450000000000003	8.6800000000000015	8.6916666666666664	8.9383333333333219	9.1916666666666664	9.1166666666666725	9.43	9.3450000000000006	9.1283333333333339	8.886666666666688	8.7150000000000016	8.5350000000000001	8.6716666666666704	8.4950000000000028	8.5916666666666668	8.7616666666666667	8.8783333333333356	8.6533333333333324	9.0300000000000011	9.0633333333333326	9.2633333333333336	9.3350000000000026	9.4366666666666728	9.4433333333333334	9.6566666666666858	9.41	9.2133333333333329	9.2383333333333102	9.2283333333333104	8.9783333333333335	9.2133333333333329	9.4766666666666861	9.620000000000001	9.6316666666666677	9.5216666666666647	9.5950000000000024	9.5550000000000068	9.3100000000000023	9.5516666666666747	9.7766666666666708	9.9600000000000026	10.085000000000004	10.413333333333332	10.388333333333334	10.29166666666667	10.413333333333336	10.456666666666699	10.655000000000006	10.756666666666684	11.105	11.013333333333332	10.985000000000017	10.718333333333318	10.503333333333334	10.543333333333333	10.403333333333332	10.611666666666666	10.82	Осадки	y = 1,27x + 590,37
1927-1931	1928-1932	1929-1333	1930-1934	1931-1935	1932-1936	1933-1937	1934-1938	1935-1939	1936-1940	1937-1941	1938-1942	1939-1943	1940-1944	1941-1945	1942-1946	1943-1947	1944-1948	1945-1949	1946-1950	1947-1951	1948-1952	1949-1953	1950-1954	1951-1955	1952-1956	1953-1957	1954-1958	1955-1959	1956-1960	1957-1961	1958-1962	1959-1963	1960-1964	1961-1965	1962-1966	1963-1967	1964-1968	1965-1969	1966-1970	1967-1971	1968-1972	1969-1973	1970-1974	1971-1975	1972-1976	1973-1977	1974-1978	1975-1979	1976-1980	1977-1981	1978-1982	1979-1983	1980-1984	1981-1985	1982-1986	1983-1987	1984-1988	1985-1989	1986-1990	1987-1991	1988-1992	1989-1993	1990-1994	1991-1995	1992-1996	1993-1997	1994-1998	1995-1999	1996-2000	1997-2001	1998-2002	1999-2003	2000-2004	2001-2005	2002-2006	2003-2007	2004-2008	2005-2009	2006-2010	2007-2011	2008-2012	2009-2013	2010-2014	2011-2015	2012-2016	563.10000000000014	576.28000000000054	503.9399999999992	564.29999999999995	567.81999999999948	563.00000000000011	577	587.06000000000006	544.1	566.62	602.29999999999995	638.33999999999946	650.16000000000008	603.76	581.20000000000005	588	596.45999999999947	609.0200000000001	667.74	651.79999999999995	643.43999999999949	610.64	627.54000000000008	625.29999999999995	621.38	598.33999999999946	590.45999999999947	652.43999999999949	664.54	701.68000000000052	728.37999999999988	713.85999999999888	683.35999999999888	686.6	666.26	682.6	670.81999999999948	606.74	643.10000000000014	647.38000000000011	596.26	664.16000000000008	709.6400000000001	630.76	613.30000000000007	640.04000000000019	584.56000000000006	564.43999999999949	641.43999999999949	679.74	709.04	704.35999999999876	692.93999999999949	644.83999999999946	659.7	638.45999999999947	704.06000000000006	729.28000000000054	723.8	703.62000000000012	638.12000000000012	609.45999999999947	609.93999999999949	621.07999999999993	586.64	641.56000000000006	609.76	626.06000000000006	634.54	665.02	660.06	736.24	767.39999999999986	773.43999999999949	767.35999999999888	790.02	733.24	650.83999999999946	652.74	684.24	675.5	645.12	683.74	664.18000000000052	646.43999999999949	637.97500000000002	quinquennium

Q,  m3/s
Т, °С

X, mm



Расходы	y = 0,01x + 1,21
1932-1936	1933-1937	1934-1938	1935-1939	1936-1940	1937-1941	1938-1942	1939-1943	1940-1944	1941-1945	1942-1946	1943-1947	1944-1948	1945-1949	1946-1950	1947-1951	1948-1952	1949-1953	1950-1954	1951-1955	1952-1956	1953-1957	1954-1958	1955-1959	1956-1960	1957-1961	1958-1962	1959-1963	1960-1964	1961-1965	1962-1966	1963-1967	1964-1968	1965-1969	1966-1970	1967-1971	1968-1972	1969-1973	1970-1974	1971-1975	1972-1976	1973-1977	1974-1978	1975-1979	1976-1980	1977-1981	1978-1982	1979-1983	1980-1984	1981-1985	1982-1986	1983-1987	1984-1988	1985-1989	1986-1990	1987-1991	1988-1992	1989-1993	1990-1994	1991-1995	1992-1996	1993-1997	1994-1998	1995-1999	1996-2000	1997-2001	1998-2002	1999-2003	2000-2004	2001-2005	2002-2006	2003-2007	2004-2008	2005-2009	2006-2010	2007-2011	2008-2012	2009-2013	2010-2014	2011-2015	2012-2016	2013-2017	1.550972	1.5606967999999977	1.490192	1.3370263999999972	1.3005583999999999	1.3345951999999999	1.4407576000000002	1.4439991999999955	1.4658799999999974	1.4691215999999967	1.4853295999999967	1.3921336	1.4318431999999972	1.4399471999999998	1.4828983999999972	1.3070983999999974	1.3344727999999999	1.3898839999999999	1.4090719999999972	1.4439999999999953	1.6620000000000001	1.6239999999999974	1.611999999999997	1.6780000000000024	1.7240000000000002	1.7080000000000002	1.72	1.6740000000000024	1.6	1.502	1.494	1.4579999999999953	1.464	1.5260000000000002	1.52	1.41	1.3340000000000001	1.3779999999999974	1.292	1.3159999999999969	1.3559999999999972	1.502	1.526	1.5580000000000001	1.5859999999999972	1.6500000000000001	1.5379999999999967	1.515999999999996	1.5979999999999972	1.6759999999999975	1.6500000000000001	1.757999999999996	1.8719999999999974	1.8279999999999972	1.8240000000000003	1.81	1.796	1.6659999999999975	1.75	1.7379999999999955	1.746	1.9100000000000001	1.9280000000000024	1.9500000000000026	1.9960000000000024	2.1019999999999999	2.0559999999999987	2.1340000000000003	2.1559999999999997	2.2060000000000004	2.298	2.3119999999999967	2.3058333333333327	2.2738333333333332	2.3898333333333333	2.3898333333333333	2.4378333333333329	2.5219999999999998	2.4779999999999998	2.3088333333333333	2.3548333333333327	2.4603333333333341	Температура	y = 0,02x + 0,73
1932-1936	1933-1937	1934-1938	1935-1939	1936-1940	1937-1941	1938-1942	1939-1943	1940-1944	1941-1945	1942-1946	1943-1947	1944-1948	1945-1949	1946-1950	1947-1951	1948-1952	1949-1953	1950-1954	1951-1955	1952-1956	1953-1957	1954-1958	1955-1959	1956-1960	1957-1961	1958-1962	1959-1963	1960-1964	1961-1965	1962-1966	1963-1967	1964-1968	1965-1969	1966-1970	1967-1971	1968-1972	1969-1973	1970-1974	1971-1975	1972-1976	1973-1977	1974-1978	1975-1979	1976-1980	1977-1981	1978-1982	1979-1983	1980-1984	1981-1985	1982-1986	1983-1987	1984-1988	1985-1989	1986-1990	1987-1991	1988-1992	1989-1993	1990-1994	1991-1995	1992-1996	1993-1997	1994-1998	1995-1999	1996-2000	1997-2001	1998-2002	1999-2003	2000-2004	2001-2005	2002-2006	2003-2007	2004-2008	2005-2009	2006-2010	2007-2011	2008-2012	2009-2013	2010-2014	2011-2015	2012-2016	2013-2017	0.46	0.2150000000000003	8.3333333333333467E-2	0.44500000000000001	0.80999999999999994	1.2466666666666668	1.5283333333333331	1.4616666666666658	1.3866666666666667	1.1950000000000001	0.94833333333333325	1.0349999999999975	1.1033333333333331	0.87000000000000099	0.91499999999999981	0.89833333333333321	0.87666666666666671	1.0083333333333333	1.1383333333333341	1.2616666666666658	1.4299999999999953	1.2449999999999972	1.1699999999999975	1.2549999999999977	1.1350000000000002	1.0233333333333334	1.2566666666666668	1.4883333333333333	1.3816666666666666	1.5133333333333332	1.509999999999996	1.4266666666666659	1.1550000000000002	1.2233333333333334	1.1850000000000001	1.3119078392008041	1.1126205201539769	1.2846747022646079	1.2073580362639609	1.1295704173647518	0.8899231928000384	1.2399831372948915	1.2108842643240438	1.4532090268428719	1.6694437397354065	1.7812318162155478	1.6742744749457117	1.7070991517250214	1.4329725593472467	1.3256397606688206	1.3107014766186409	1.3413292287947798	1.3136724044131924	1.3455667419266562	1.420085159105356	1.4970473166834406	1.495063315571949	1.3132763995541512	1.525111573005254	1.4649374338603487	1.3058485393435157	1.4339805866128839	1.7250803529979304	1.8487165057117092	1.86657973282031	2.1559459090831692	2.2171750070625258	2.0589371838418344	2.0957265689831752	2.1620336247726759	2.1947909692427214	2.2048156268208063	2.3211697647959815	2.2303596263264298	2.319246979117001	2.1608953886152156	1.9746008996989601	2.0783219025328004	2.012344239962391	1.9867670510223001	2.183443891029714	2.4771359661187589	Осадки	y = 1,46x + 759,44
1932-1936	1933-1937	1934-1938	1935-1939	1936-1940	1937-1941	1938-1942	1939-1943	1940-1944	1941-1945	1942-1946	1943-1947	1944-1948	1945-1949	1946-1950	1947-1951	1948-1952	1949-1953	1950-1954	1951-1955	1952-1956	1953-1957	1954-1958	1955-1959	1956-1960	1957-1961	1958-1962	1959-1963	1960-1964	1961-1965	1962-1966	1963-1967	1964-1968	1965-1969	1966-1970	1967-1971	1968-1972	1969-1973	1970-1974	1971-1975	1972-1976	1973-1977	1974-1978	1975-1979	1976-1980	1977-1981	1978-1982	1979-1983	1980-1984	1981-1985	1982-1986	1983-1987	1984-1988	1985-1989	1986-1990	1987-1991	1988-1992	1989-1993	1990-1994	1991-1995	1992-1996	1993-1997	1994-1998	1995-1999	1996-2000	1997-2001	1998-2002	1999-2003	2000-2004	2001-2005	2002-2006	2003-2007	2004-2008	2005-2009	2006-2010	2007-2011	2008-2012	2009-2013	2010-2014	2011-2015	2012-2016	2013-2017	722.45999999999947	789.38	781.64	720.2	755.6	796.6	763.8	729.8	715.8	688	686	708.4	711.6	746.4	763.6	721.2	713.8	793.2	850.8	841.8	843.4	842.2	867.6	862.6	887.2	897.4	882.2	866.2	855.6	849.4	919.6	919.18000000000052	847.57999999999993	869.78000000000054	854.0200000000001	765.06000000000017	798.68000000000052	848.9799999999999	804.42000000000007	796.18000000000052	830.25999999999988	785.85999999999876	739.16	757.95999999999947	769.62000000000012	788.33999999999946	780.2	799.98	765.98000000000013	793.40000000000009	754.35999999999899	828.9000000000002	874.85999999999888	912.7	889.88000000000011	850.7000000000005	832.66000000000008	839.44000000000017	813.60000000000014	778.43999999999949	817.50000000000011	743.58000000000015	750.78000000000054	802.12	843.4	840.93999999999949	914.43999999999949	943.83999999999946	913.9	919.0200000000001	935.66000000000008	898.9799999999999	792.42	842.25999999999988	874.07999999999993	895.64	894.85999999999876	928.2	847.1400000000001	814.90000000000009	882.54	888.85999999999888	quinquennium
Q, m3/s
Т, °С 
X, mm

Год	y = 0,02x + 0,73
1932-1936	1933-1937	1934-1938	1935-1939	1936-1940	1937-1941	1938-1942	1939-1943	1940-1944	1941-1945	1942-1946	1943-1947	1944-1948	1945-1949	1946-1950	1947-1951	1948-1952	1949-1953	1950-1954	1951-1955	1952-1956	1953-1957	1954-1958	1955-1959	1956-1960	1957-1961	1958-1962	1959-1963	1960-1964	1961-1965	1962-1966	1963-1967	1964-1968	1965-1969	1966-1970	1967-1971	1968-1972	1969-1973	1970-1974	1971-1975	1972-1976	1973-1977	1974-1978	1975-1979	1976-1980	1977-1981	1978-1982	1979-1983	1980-1984	1981-1985	1982-1986	1983-1987	1984-1988	1985-1989	1986-1990	1987-1991	1988-1992	1989-1993	1990-1994	1991-1995	1992-1996	1993-1997	1994-1998	1995-1999	1996-2000	1997-2001	1998-2002	1999-2003	2000-2004	2001-2005	2002-2006	2003-2007	2004-2008	2005-2009	2006-2010	2007-2011	2008-2012	2009-2013	2010-2014	2011-2015	2012-2016	0.45999999999999985	0.21500000000000002	8.3333333333333412E-2	0.44500000000000001	0.80999999999999994	1.2466666666666668	1.5283333333333331	1.4616666666666667	1.3866666666666667	1.1950000000000001	0.94833333333333325	1.0349999999999999	1.1033333333333331	0.86999999999999988	0.91499999999999981	0.89833333333333321	0.87666666666666659	1.0083333333333333	1.1383333333333332	1.2616666666666665	1.4299999999999997	1.2449999999999997	1.1699999999999997	1.2550000000000001	1.1350000000000002	1.0233333333333334	1.2566666666666668	1.4883333333333333	1.3816666666666666	1.5133333333333332	1.5099999999999998	1.4266666666666665	1.1550000000000002	1.2233333333333334	1.1850000000000001	1.3119078392008037	1.1126205201539769	1.2846747022646106	1.2073580362639609	1.1295704173647525	0.8899231928000384	1.2399831372948937	1.2108842643240449	1.4532090268428719	1.6694437397354065	1.7812318162155485	1.6742744749457077	1.7070991517250214	1.4329725593472467	1.3256397606688206	1.3107014766186409	1.34132922879478	1.3136724044131924	1.3455667419266562	1.4200851591053556	1.4970473166834406	1.4950633155719513	1.3132763995541539	1.5251115730052538	1.4649374338603487	1.3058485393435135	1.4339805866128839	1.7250803529979326	1.8487165057117061	1.8665797328203098	2.1559459090831767	2.2171750070625209	2.0589371838418344	2.0957265689831734	2.1620336247726759	2.1947909692427214	2.2048156268208063	2.3211697647959815	2.2303596263264298	2.3192469791170085	2.1608953886152156	1.9746008996989588	2.078321902532795	2.012344239962391	1.9867670510222986	2.183443891029714	quinquennium

t, °С

Год	y = 0,16x + 7,98
1961-1965	1962-1966	1963-1967	1964-1968	1965-1969	1966-1970	1967-1971	1968-1972	1969-1973	1970-1974	1971-1975	1972-1976	1973-1977	1974-1978	1975-1979	1976-1980	1977-1981	1978-1982	1979-1983	1980-1984	1981-1985	1982-1986	1983-1987	1984-1988	1985-1989	1986-1990	1987-1991	1988-1992	1989-1993	1990-1994	1991-1995	1992-1996	1993-1997	1994-1998	1995-1999	1996-2000	1997-2001	1998-2002	1999-2003	2000-2004	2001-2005	2002-2006	2003-2007	2004-2008	2005-2009	2006-2010	2007-2011	2008-2012	2009-2013	2010-2014	2011-2015	2012-2016	8.8166666666666664	8.7749999999999986	8.6566666666666663	8.3833333333333346	8.2733333333333334	8.0850000000000009	8.2583333333333329	7.9883333333333342	8.1366666666666667	8.2083333333333321	8.3333333333333321	8.0083333333333346	8.4550000000000001	8.4600000000000009	8.6983333333333341	8.7351374057594864	8.8499434093437159	8.78766249536522	8.9510458959028547	8.6478486937646757	8.5626540203400605	8.5927314012924398	8.5744534635044225	8.3939920006587734	8.5865346969085756	8.685510769547264	8.7636266649645709	8.7616147548771828	8.5485004208718323	8.6962855431196555	8.7267069039167051	8.4891849521669656	8.7470224030889678	9.027873353549797	9.1543925227766287	9.1877269491454339	9.5235220700432706	9.4583119765972903	9.3533106645133195	9.3776154162004932	9.4113099196831982	9.5023086719380707	9.54457528100105	9.7506432737663804	9.7045702489097216	9.7076067312445922	9.4263351778651749	9.2486918412433567	9.3132761142230329	9.1736867965067006	9.2192205106644085	9.5565240158818447	quinquennium

t, °С

Год	y = 0,02x - 2,58
1937-1941	1938-1942	1939-1943	1940-1944	1941-1945	1942-1946	1943-1947	1944-1948	1945-1949	1946-1950	1947-1951	1948-1952	1949-1953	1950-1954	1951-1955	1952-1956	1953-1957	1954-1958	1955-1959	1956-1960	1957-1961	1958-1962	1959-1963	1960-1964	1961-1965	1962-1966	1963-1967	1964-1968	1965-1969	1966-1970	1967-1971	1968-1972	1969-1973	1970-1974	1971-1975	1972-1976	1973-1977	1974-1978	1975-1979	1976-1980	1977-1981	1978-1982	1979-1983	1980-1984	1981-1985	1982-1986	1983-1987	1984-1988	1985-1989	1986-1990	1987-1991	1988-1992	1989-1993	1990-1994	1991-1995	1992-1996	1993-1997	1994-1998	1995-1999	1996-2000	1997-2001	1998-2002	1999-2003	2000-2004	2001-2005	2002-2006	2003-2007	2004-2008	2005-2009	2006-2010	2007-2011	2008-2012	2009-2013	2010-2014	2011-2015	2012-2016	-2.1	-1.92	-1.9433333333333334	-2.0516666666666667	-2.2112600000000002	-2.3695933333333334	-2.304593333333333	-2.28626	-2.4045933333333336	-2.3600000000000003	-2.4383333333333335	-2.4816666666666665	-2.4383333333333335	-2.4450000000000003	-2.3283333333333336	-2.1333333333333337	-2.2833333333333341	-2.2866666666666666	-2.1566666666666667	-2.2416666666666667	-2.38	-2.21	-2.0316666666666667	-2.1366666666666667	-2.0283333333333333	-1.9896170000000002	-2.0312836666666665	-2.2629503333333334	-2.1896169999999997	-2.2079503333333337	-2.1083333333333334	-2.2133333333333334	-2.0100000000000002	-2.0450000000000004	-2.08	-2.2033333333333336	-1.905	-1.8850000000000002	-1.6216666666666668	-1.3283333333333336	-1.2187695852534564	-1.2661656426011265	-1.2699537890424986	-1.5090018053569221	-1.6370896189769937	-1.6633784054593286	-1.643114580574536	-1.603537285696629	-1.5894892693822054	-1.4464014557621341	-1.3763430840263431	-1.3734456185885553	-1.5576213517665132	-1.3792754736303123	-1.558695340501792	-1.758110307749351	-1.5841234925931811	-1.3089668105655312	-1.1488120486607694	-1.1063324240337589	-0.80858412345286657	-0.83000283825061361	-1.0184396022035067	-1.0236069089111361	-0.96500000000000008	-0.89166666666666661	-0.84500000000000008	-0.66666666666666674	-0.72499999999999987	-0.62333333333333352	-0.73666666666666691	-0.96666666666666679	-0.89333333333333353	-0.99086626774193542	-1.0138775462455911	-0.9285491221200195	quinquennium

t, °С

Год	y = 1,4531x + 759,68
1932-1936	1933-1937	1934-1938	1935-1939	1936-1940	1937-1941	1938-1942	1939-1943	1940-1944	1941-1945	1942-1946	1943-1947	1944-1948	1945-1949	1946-1950	1947-1951	1948-1952	1949-1953	1950-1954	1951-1955	1952-1956	1953-1957	1954-1958	1955-1959	1956-1960	1957-1961	1958-1962	1959-1963	1960-1964	1961-1965	1962-1966	1963-1967	1964-1968	1965-1969	1966-1970	1967-1971	1968-1972	1969-1973	1970-1974	1971-1975	1972-1976	1973-1977	1974-1978	1975-1979	1976-1980	1977-1981	1978-1982	1979-1983	1980-1984	1981-1985	1982-1986	1983-1987	1984-1988	1985-1989	1986-1990	1987-1991	1988-1992	1989-1993	1990-1994	1991-1995	1992-1996	1993-1997	1994-1998	1995-1999	1996-2000	1997-2001	1998-2002	1999-2003	2000-2004	2001-2005	2002-2006	2003-2007	2004-2008	2005-2009	2006-2010	2007-2011	2008-2012	2009-2013	2010-2014	2011-2015	2012-2016	722.46	789.38	781.64	720.2	755.6	796.6	763.8	729.8	715.8	688	686	708.4	711.6	746.4	763.6	721.2	713.8	793.2	850.8	841.8	843.4	842.2	867.6	862.6	887.2	897.4	882.2	866.2	855.6	849.4	919.6	919.18	847.57999999999993	869.78	854.0200000000001	765.06000000000017	798.68000000000006	848.9799999999999	804.42000000000007	796.18000000000006	830.25999999999988	785.8599999999999	739.16	757.96	769.62000000000012	788.33999999999992	780.2	799.98	765.98000000000013	793.40000000000009	754.36000000000013	828.9000000000002	874.86	912.7	889.88000000000011	850.70000000000016	832.66000000000008	839.44000000000017	813.60000000000014	778.44	817.50000000000011	743.58000000000015	750.78	802.12	843.4	840.93999999999994	914.43999999999994	943.84000000000015	913.9	919.0200000000001	935.66000000000008	898.9799999999999	792.42	842.25999999999988	874.07999999999993	895.64	894.8599999999999	928.2	847.1400000000001	814.90000000000009	882.54	quinquennium


Х, mm

Год	y = 1,02x + 851,7
1961-1965	1962-1966	1963-1967	1964-1968	1965-1969	1966-1970	1967-1971	1968-1972	1969-1973	1970-1974	1971-1975	1972-1976	1973-1977	1974-1978	1975-1979	1976-1980	1977-1981	1978-1982	1979-1983	1980-1984	1981-1985	1982-1986	1983-1987	1984-1988	1985-1989	1986-1990	1987-1991	1988-1992	1989-1993	1990-1994	1991-1995	1992-1996	1993-1997	1994-1998	1995-1999	1996-2000	1997-2001	1998-2002	1999-2003	2000-2004	2001-2005	2002-2006	2003-2007	2004-2008	2005-2009	2006-2010	2007-2011	2008-2012	2009-2013	2010-2014	2011-2015	2012-2016	865.74	904.07999999999993	910.06000000000006	842.91999999999985	897.72	890.28	819.09999999999991	878.1	931.78	845.65999999999985	816.92	859.83999999999992	812.46	788.4	835.86	864.62000000000012	890.4000000000002	879.9799999999999	871.24	832.87999999999988	874.8	852.6	926.43999999999994	943.86	947.57999999999993	909.66000000000008	834.55999999999983	800.81999999999994	813.14	817.40000000000009	788.76	851.1400000000001	817.6400000000001	836.66000000000008	879.4	890.07999999999993	875.66000000000008	961.6	984.12000000000012	966.46	973.87999999999988	1013.0600000000001	929.4	820.18	838.86	870.32	867.74000000000012	847.74	927.76	879.5200000000001	895.54	977.32	quinquennium

X, mm

Год	y = 1,11x + 804,43
1937-1941	1938-1942	1939-1943	1940-1944	1941-1945	1942-1946	1943-1947	1944-1948	1945-1949	1946-1950	1947-1951	1948-1952	1949-1953	1950-1954	1951-1955	1952-1956	1953-1957	1954-1958	1955-1959	1956-1960	1957-1961	1958-1962	1959-1963	1960-1964	1961-1965	1962-1966	1963-1967	1964-1968	1965-1969	1966-1970	1967-1971	1968-1972	1969-1973	1970-1974	1971-1975	1972-1976	1973-1977	1974-1978	1975-1979	1976-1980	1977-1981	1978-1982	1979-1983	1980-1984	1981-1985	1982-1986	1983-1987	1984-1988	1985-1989	1986-1990	1987-1991	1988-1992	1989-1993	1990-1994	1991-1995	1992-1996	1993-1997	1994-1998	1995-1999	1996-2000	1997-2001	1998-2002	1999-2003	2000-2004	2001-2005	2002-2006	2003-2007	2004-2008	2005-2009	2006-2010	2007-2011	2008-2012	2009-2013	2010-2014	2011-2015	2012-2016	812.2	780.2	701.14	688.93999999999994	673.78	712.3	759.96	780.44	836.06000000000006	842.96	796.8	761.68000000000006	824.6	847.44000000000017	848.68	855.82	868.16000000000008	874.8	849.6	874.57999999999993	868.12000000000012	849.42000000000007	854.84000000000015	854.93999999999994	843.8	910.68	927.7	876.94000000000017	921.06000000000006	922.8	842.16000000000008	858.8	890.5	840.86	816.74	846.64	835.28000000000009	789.54	811.09999999999991	835.99999999999977	872.15999999999985	839.05999999999983	863.5200000000001	818.7	835.74	792.45999999999992	862.8599999999999	903.8599999999999	949.71999999999991	930.11999999999989	890.2	867.81999999999994	869.54	852.42000000000007	827.1	862.18000000000006	799.48	794.1	846	898.8	895.6600000000002	948.38000000000011	994.5200000000001	922.74	916.16000000000008	923.36	910.36	808.16000000000008	863.4	873.4	888.2	859.6	861.6	788.96	774	835.82	quinquennium

Х, mm
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THAPOTCTIMECKHX XaparTepucTmX. BAKHO NOTIEPEEYT:. TTO CTywafmme
OISR HCKOAMIX 39Tel TAMMEX TPHBOMIT X CHCTEMATIFIECKEN OMEKAM 3
OpeeneHI PaCTETHEDS JHATEIIT TIIPOTOTHTECKIE XAPAKTEPHCTI.

Ilpmseaeie PETHOrD CTOKS K €CTECTBRROMY IEPHOAY HE IPOHIBOAT,
ST CYMMIPHOE THIUEEIE €XO HIMEHERIH Ke BHXOIT 32 MPSISTE CAYSAREOR
CpemMeR XBAIPATHYECKCR NOTPENIMOCTH HCXOEI AIHHA HAOTOZeH:A.
IlpexmouTenme CTEYeT TABATE N2BOR PACUTHOR CXEME, T ECTECTBEHHEE
XAPAKTEPHCTHAI CTOXZ W APYTIX FHIOTOTHYECKY XIPIKTEPHCTHE Mydme
MOTAHOTCR POCTFARCTRERHOMY OOOSIIERIIO HEXETH THIPOTOTIIECKAR Xa-
PAKTEDHCTHN, HApYIIEHRHIE O RTATHTEN FHTPOTOTERHSIX PAKTCPOR

TIpH HATINH TARHEIX THAPOTOTAMECKIIX HAGTIONEHY ATAYA PACTETY
MKCHMATLHOMD CTOKA CROTATCA K BHIGOPY CTATHCTHHECKOH CXEAE!, OMICHE-
HOMeft KO PACTIPEETERTT MMEIOMETOCT P2 RETTTTE, OTPSTETERTIO M-
‘DAMETPOR 3TOTO PACTIPENETEKIA H BEMACIEHKI XADIKTEDHCTHK NABOIKA (10
TOROTES) IATAMHOM (PACTETHOM) BEPOTTHOCTH EXETOTHOTO MPERMIENHT
(obecneseanocts).

'PaCHeTHBIE NAKCHMATBHEE PACXOTS BOTN CIAYET YCTAHABMHEATS 11y~
TOM TWATCIBHOTO IMAIA3 NIHHBX O BMCOKEX [O0B0T5IX K HABOIKAX.
HAGTIOTABUINXCE B JAHHON pafione ECTH PACKONH TATSIX M JOKIEBEX BOX
‘CONOCTABHMAL 110 BeHIHEE. TO KAAIL H3 HIX BAIHCISEICS OLICIBKO K 3a-
Ten saiGupacTes HanboIsmH. KOTOP HCNOABSYCICH B AATsHCHIIIX paciic-
TAX € YACTON €10 eResuca.

'Hopia MAKCHMATSHAIX PACXO10B 3081, Kosbuncarst Bapraumy. Ko~
‘> HUACHT. FCHIUMCTPEE PACCINTAKS 187> MCTOAMI. NCTO0M MONCHTOS
 rpagoasamTIreckm serozon [A. Anexcecsa [16].

‘B OTACTBEIX CTYTaRX HCTOTSIOBANEI YCCTCHABIC KPHBHC 06CCTCTCR-
HOCTH X MAMpHTCCERC KpEBHC ofccnctcanocTH. TCOPCTINCCKAR KpHEAR MaK-
CHMATBRBIX PACKOZIOB BOE PEAKO OIHCHBAIOT BCCh AAAION IRITCHAR STHX
‘xapakreprcTiy. BepKian i MUKHAZ T0CTH PARAHPORAIHOTO PAIA TORTIRAIOT-
1 pasmr 3akomau pacmpexeremms. Jlux TpaKTIIeCKIX metelt TpeSymorca
T, BCIIe JHaTERIT MAKCHMATHIAN PACKOZOB 1 yposuell somu Veeren-
HBe KpEBHLe 0BeCTICTeHNOCTI HPOBOMITACS 3 TeX CTYSasX, KOTAA Ha SMIHpH-
“Teckoii KPHBOi HMEIOTCH PACKOZE MATOH OGECTIETENNOCTI, PEIKO OTKACHAI-
‘mmecs oT ocHoRHOR Kpmaoit. LIpmiememie YCeTeRILY EPBLIX NIOIBOTAET 60-
o2 HATEKHO IPOBOTITL KPHBLE OGECTETEHOCTH B TACTI PEAKOR TOBTOPRE-




image80.png
‘HAAGOTbILE B (O PACKOS B0 Ka PEKaX HECOKOTOPHORO 103ca.
Co cpemsom BeCOTAH Goiee 3200 M ABC. MCMMYIIECTAHKO chero-
TEHHKOBOTO MPOKCXOKIERHA. Fia DEKAX CO CETHHNH BHICOTAMH BOT0C00D0R
B npezesax 0T 1500 20 3200 1 abc . MAKCHMATSEEE PAcXO1sl MOTYT bopapo-
BSTECR NP COBIAICHIN TMEKCBX OCAIROR C HATCHCHBHBN CHCTOTZARACH 1
pi Bsmazcsn Tasch 5O BPENA HETCACHSHOO ACIHHEOBOFO CTORa. Ha pe-
K 3100 30K HE HNCIOLIAX CIHEIOB. NOTYT HAGIOIATSCE JORACSHE MaK-
oty Fla Pexan HiSKOROPHO-TpEArOpHOH SOH. EMEIOIES CPEAMO BSiCo-
7y Gaceciixa <1500 3¢ a6c. & F < 1000 2, SaKCIDTMSt dopMEpYIOTCA OF Tas-
KR CCI0RROTO CHFa. OT COBTATCHIIR THERCH ¢ ITCHCHSHKM CHEFOTATHCN.
G0 MoryT Gerrs AEBEEB0ro MpoRCxoACHIA. BOTCACTERE CTOAOCT Yo~
BHil QOPNEPOBARILA, PACTICHCKEL CTOKA BOTH DO HCTOTHHKAM THTAHAR POK.
‘pafioma, A TAKKE 130 TR0, IO MAKCINMATLIAE PACKOTH BOTH IACCH B OGHOD-
KO CMEIIAHOTO MPONCXORIERILE D OCHOBH! PACTETa XIPAXTEPICTI UAKCH-
MaTsHOro CTOKa TpHTIATR SANGOTSIILS 33 FOT PACKOTS! ST HEEHCINO OF
x npomcxom e

‘Hecneonaat YSI031 GOpMIPORAIIIA MAKCHNATHIORD CTOKS 30751 B
paccampmasyon pafione. B pesyIirare Gifo YETAMOMIEHO, IO AL Pek
RANEOfi TEPPITOPITI XaPAKTEPHO GOPANPOBAINIE MAXCHNATERAX PACKOZOD
DO D OCHOBON CEMAHOF TPOUCKOEIEHIS, KIX TATOFO, TAX X F0KIDO-
ro. Kpoue Toro, yeTamoaneno, 10 b PAT HISTOAEHIE TOTAIOT UACH-
MATie PIcTof pemKof MOBTOPSEMOCTE, 2 TAKKS BCTPETAOTCE PACKOT,
0Ty TeHILLE © NOMIECHNOR TOTHOCTLD. B CAY THX 0coSeHHOCIER TPK pe-
KGHCTPYKIIIN PAI0D B0IAOT GOTLIIE TPYAMOSTH TOT6OPA ITOTOD AL
BocCTaRORTeIAR TPOMYCKOS B PEARE RBTOREKE [21].

PaCHET AEEEIMUTE KLY PACKOA0R BECHRE-TETHEFD TOTOROTA

Ha pexax nee1e70RAMMA TPORIBOTIICS COrTacio peroreaTILLE [10,
B pp———
Moro patona, npwaezea 2 [2]. B 0CHORY paCHeToR ROTOKENA PeAYKIHORIA
“AHCIMOCTS AAKCINATAHOTD MOTYS CTOK OF 0BYET3A TR0 €10 OCHOR-
EAX GAKTODOR. CDEIReR BHCOTN H IIOWAIH BonocOopa. Koxpdiiesta
APYKHOCTR. €10 €T0K2 NOTOROTAE % AP

©OPNYTA 15 OTPETETeRRS MAKCHNATSHOTO (cpOHORD) MOTYTS CTORA
0303018 MseeT B

PPLE VLU L L LR &)
@+)? F-D?
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e Q. - vaceaTo (cpowsac) Noays CroKa ofccnecROCTS0 1 %.
alexmad). F - maomats 5010c60pa. SAMMEICMAR PACICTHE CTBOPON. Kt
I, - Gaoii crona 3 nonozozse oGecnecRROCTsI0 1 %, hor 1 ~ Eoabbrmmear
SAPCTYRPOBANHOCTH CTOKA 03CPAMH H BOOXpaRKINIAME, § — KosbduumerT.
yTBaromT sTAERC atccemmocTa B saCoToTHROCTH Box0co0px Ko —
XO3HINCAT APYAROCTH NOTOBOTBS; & — FOKIIATCTS CTCHCHE, XAPARTCPHIY-
rommit penyKumO (YMCHBIICERE K03OdHINCHTa APYAHOCTH MO7IOBOZBT B 33
BHCEMOCTE 0T TIOMATE B0Z0cG0pR): Al - SCTITEN. TPOTOPLKORATR
SMAKCANATBROMY MOTYTID TPHTONS.

Mascmuammsi oy apirtosa A= qo pn F — 01 B
SCHE A MMCRIIOTCA B SHETITCINX MPCACTAX B SABHCINOCTE O BHCOTH
‘oporpadm yecTRoCTE:

Toxarens a, xapaxtepmsymomi peaysmmo xoxbémmenta ApyAHo-
cmm noaosomsa EaxomITeR T dopiye:

2=050-01Hep. . @

e Hep. - B
Tasee o Gopuyse (1) BEHCIARTES 1%, /(C<RAC) M KaxoAICH

Q% max = q1% x F.acle @

HMenonsays o fuument nepexc o Q. . X pAEXOTEN X czone
T RS p—
Pacer o e TsATE (cpoan) pacxo303 ZoKZeREEX Ta80TE0D
. ————
pemyrmmORKOR GopuyTe

Q= qz..(

] Sx0,x8 kg, %A

4/ . @
1€ Qpe, - MAKCHMATBEIA PACKOX pacTeTHOR obccnctcamocTH (cpomati). /e
9200, 3¢¥(cxA §r) — MOZYTE NAKCHMATEHOTO CPOTHOTO PACKOTA 30T5i, CHe-
‘roamoit scpoxTHoCTH mpessimentx P, paswoit 1 % np 5= 32 = 53 = 1. mpmme-
Aemmt  TomaTH Bo70c0pa 200 o Tlax Gaccefon FOpEK pex MatemE
‘Rapascpon G200 ZOTOTIETEEO PHBCICH X CPEARCH BHCOTE B0Z06OPA
Hep. = 2000 55, 1% - HepexoTE xo>bHHIICHT OT MERCMATHEE Mrs0-
BCHENEX PACKO70B SO 3CPOATHOCTERD 1 % X MAKCHNATAN ACTOTAM 2PY-
ro scporTocT npessmes. 1 ~ xoxbGC peayiIE MOV MaKCH-
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JTEHOTO CPOTHOTD PACKOA € YRETITENIEM MIGIIATH BO70C00Pa; 5 — K03
EINCHT, yUTMBAOWTE CRICKCREE MAKEHMATERSX PACXOI0R BOT IPOTO
B e pe—————
‘pacxom Bomt zcaeacTamE aB0TOTCHEOCTE; 5 — KodpdImeRT, yTTHEa:
T MerETE TAPAMETEA G200 & MIMERPHEN CPRTHER BHEOTHI 20T0C50PA
FOPALY paROWAY: OMETETRETCA OF O AHFAIM TIPOTOTIIECKI YIRS
PR ————)

B RavecTae ocHORHORD MIIMETPA BOPUYTM NETOTAYETSR NOZY:
MAKCHMATLRORD €T0KA TpH HeX070pOM HFKCHPORINTHON! THASEET FROTIATH
TAHROM cTy¥ae 200 W), MOCKOTSKY ONPEETHT Ty BEMHRY 10 KCTep
MERTATHRRN JARFSN MOXHO GoTee HIZEAHO, T8N OGHUHO HCTOTAyeMh
aeverTzpEaIt MOTY CToka. TIapaMeTp (200 MERRIE ARKCHT OT TOKATE:
Cemed PETYKINA 1. 10 IPHSOIAT K €10 GOTee ITABHONY HINEHERHO 1|
repparopH

9200 = q1% / (E200)0 x5, % 52 <53 q

e q1% - MK MoRy Croa 1 % obecTeTmIOcTE, o7
- ————

KoauUment 33 ORpexerLETcE ATE PEK C BHCOTOR BOZOCHOPI ¢
T

Jlas pacueTs MsECmATMEX (cpowHEI) PACKCA0R FOKIEBHX T3E>
%08 Curm TpmreReHa TaKe GOPMYTA TPEZETIOR NTERCIOST CTOR
apemozmiaas [1]

Dopuyma meer s

Qu. =16.67% @<y < Hy <F ¢

e Q1% - MakcmeTIs: (cpoTHSdE) packon | % oSecreTenocTH

cOOpHEI K0>GNIIENT MIECTUATEROTO cToKa: ¥ (9~ nokzaTems perykIn
escRoe ocon . peserioe o . H1% -ekmentih e
ML CTOR 0CATKOR OCRCTESERHOCTSO | %; F - IIONAT: 30A0CE0pa, E1E.

Vo _Hr

“ «
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H
e L) .
®

Hp - cyrom ot ocaason odecnencumocraP: A - caoft ocazeon
<ol ¢ oBecnencsocm 3a pactcraoe spess €. HI% - ascincam cyron
[

BHOOPOTHHC PCIYABTATH PACICTOB X3PAKTCPHCTHK MAKCHMATEHBIC
[ ———————,

Tabmma 2
PacTeTiIie RApAKTEPHCTHER MAKCIMATHHEIR Pacxo3on 20zst, 3/
Q] Pacrpereneie coecenen
Porcoop | Oopuea | Mesx | pes. | Cv || o Quax sic
e T 1[5 [10

Veewmoe 990 072 540 363 287 200

Tomee 375 113 363 153 o

Veewamoe 425 134 503 309 206 141

smeyemap. i Veewsmoe 498 041 107 132 036 172

HkeyTsp oy Tmoe 516 038 194 123 994 719
pCascai-yene 000 Tomee 058 07 5@ 322 2190 157
phymc-c By 00 Iomoe LIS 156 917 606 468 205
pKmacp-yeme e Tome 105 093 121 756 503 374
pEenentall N0 1000 Momwe 04 095 295 203 138 091

Rasaass X0 1940 - pogne 051 000 270 185 147 099

B3 10 100 82 65 402

940 028 308 217 172 14§

12 051 12 295 253 198

It
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Pexacraop | Mleprox | Merox

[Qamaxe] Dacapeaenene obecpeen
pex. | v oem, Qs xc
¢ 5

M [ 10

‘yeroa p. TTpoxoz-

p Mpoxomzs- 1040 %7 22 2
S5 Homee 796 04\ 22 M1 123

[pysci Tepachiyras. 1940 5 .
& %ol;  Tomce 302 088 406 213 120 813

Boimonsi. Hcnoassosasssic 3 PAGOTE CECACHII 0 THIPOMCTCOpOTOTH-
eCKO MIYIENHOCTH B XCUFCTRGHOM HCTOTLIORIIE BOTILN OBLEKTOR
03O CACTATH YTOTACKHBIH AATI3 TOTYICHERIX peyToTatos. Metoxasa
HCCTeOBARIE OCHOBAMA 2 AWATH3e IKTISECKIX AMHLIY FIIPONCTPIIECKIK.
aGmonceuil 1 wsicpenui. TIEPOKO IDHNCHEHS! NCTOIS THIPOAOTIIECKOR
AELVTOTH,  HATEpUOTSIN, SKCTPATOTANEL, MITCMITHSECKOR CTATHCTHEI
‘ToumeAHBC XAPAKTCPHCTHKI NAKCHMATEROTO CTOKS PCK MOTYT G5ITh HCRIOTS-
20338 3 TPAKTHEE TP PUPACOTEE IPOGKTOR T OCYIICTRIEAE PARTHTELX.
B07CROHCTRENIMN MEPOTPIATIE EA PACCMATPHBIENOR TePPETOPI AL
AV HeCTeA0RAHH.

CIHCOK ITHTEPATYPBL:

1 TocymapcTaemBEf BOTNI KATACT. EACTOINNE TAHHNE O perme
‘pecypeax. moveprocTmrx 507 cymm. 2001-2015 r. Baccefims pex 03

Barxam. - Acrasa. Kairpouer. 2017.

Tocymaperoenitli BoTIME KaAACTp. Pecypes MOBEPHOCTHLN 30R

(CCCP. Tesmpansisit n FOx sl Kasaxcran baccefin 03 5aman T 13,

Bun 2 - JL: Tmaporereomaar, 1970, - 645

3. Tocyaapcrachmsi osmstfi KazacTp. OCHOBHSC TRAPOTOIIICCRAC X~
‘paxtepneTn Tewpamsssii n OARHA Kasaxcras (sa 1965-1970 rr 1
secs nepuon saGmozerui). — T Tuaponerconszar, 1977 - T13. —
Bam2.-316c

4. Tocymapcrscassiit sozusi xazacrp. OCHOSHSIC IRAPOIOTICCKIC Xa-
‘paxtepucrss Baceeis 03, Bamxam Hertpanssi n 10mssti Kasascras
(3a 1971-1975 11 1 secs ncproa nabmoacsxi). Cob: Taaponcrconsaat,
1980. T.13. Bam.2. - 288 c.

5. Tocyaapcracammi pozmmti KazacTp. OCHOBESIC THAPOTOIITICCKEE Xa-
paxtepucruxa (sa 1975-1980 rr. u sece nepuoa mabmozemud). T.13.
errpansmii 5 T0swri Kasaxcran. Baun2. Bacceiin 03 Bazsam. —
a6 - Trapoucreonszar, 1981 .- 300 ¢

6 Tocymaperscamesi sozmsi xazactp PecmySmm Kasaxcram. Moro-

w

g
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10

1.

12

ER

1.

15

16.

nerme mammte o peamec w pecypeas TovepsocT pox cyma. Ka-
saxcxan CCP. Baceem: pex 02 Bamam 1 Seccromnss pafiomon Llex
pamoro Kavsccrana. ~ 1L Tnapowerectaga, 1998, ~T.V. ~ Bum 4.~
s76c

Tocyasperenmiti somudi xagaerp Pecnyommas Kaserai Mioro-
ReTie TARESIS 0 PeRIINC T PeCYPeas ToRepIHOCTRALX 307 cYT. Bac-
ceimut pex o1, Bamxam 1 Geceromui paioxon epamrioro Kasax-
crama (19811990 7). ~ Amsamsc: Tmposeereommar, 2001 — Kara 1.—
Bund —41-247c

ToCYAIpCTRERMME O KATIOTp PecYOTAH Kaneras Mioro-
ReTime TaRERe © pexIie B pecypCaX TosepHOCTRRX 303 cymE. 1991-
2000 1. Bacceist pex 03, BATEAI: & GecCTOTHA: PAOROR LIGKTPETEHO-
£ Xaaaxerawma - Amamat, 2006~ Bmd T1 - 175 ¢

T Masyp, AT Sarprmen, A P 3ariny uraa Onea aKCHATS AT
pacxozcs 1 ypoaned a0 pe Sammticxoro Anaray Kackenen i Mazag
Amamg 3 mwKses Tevemt /| Matepuaat VII Beepocchickord Tz
POTOTISECKOTO Chesta, T CaRKT-TIeTepoypr. POCCHACKAR Bexepas
2014

T Manyp, AT Mnrpeen. AP, Sariayatin MakcmuaTisne packo-
54 BOIB . KHITH ATOAATS! €€ PHTOK08 B BikEeN Tesesn /| THApO-
erecpoTors  Kanors, - 2012 62.C 6680

T Masyp. AT Tarpusen. M. Poscinos Oucisa smamsns o3cpa
‘VAbKCH ATINGTH KA DEAFN H XaDAKTEPHCTHNA CTOR PEXH VIBKCH Ad-
o /| Tuaposecoposonut 1 sxoaorms. - 2015 362 C 46-57.

TLIT Masyp. AT Sarpemscu. AP Saruayasa Oncrika Marciomas s
pacxonos pex Kackenen  c¢ mpmroxos /| Becramx KasHY , cepaa reo-
rpadiccrar. Amuans - 201540 € 100-108

MeromccKsE POCHCHINII f0 OTPCACICHIG PACHCTHE [HAPOTORH-
ICCKIT TAPAXTCPECTHR NP OTCYICTEN JARKAIX THIpOMCTPIICCKEX
samoncantt. Camr-Tlerep6ypr. IS ([THy, 2009, - 193 c.
Ompezeremme pacermsx maporerIecine xapastepucrax (CELHIL
201.1483). Toc. xoxmer 7o acaau cxpomreascrsa ~ M. 1983.-97 .
Poxaeeraencxasit AB., Exon AB., Casapiox AB. Onena TomocT
rumpozorecrms pactezop. — L Tmposereomszar, 1990. - 276 ¢
Caam A B. Meromss cramuemireckoit 06paSoTsal TApoNe1€opoTOTITe-
cxoft Tmopammn. Vaebum. Cremmamrocrs (naporori mampas-
nesms: noarotoss (Tnapoxereoporormm, - CI15.: w3 PITM
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Cox mpasuz CIT 331012003, ORpeRcTeiie OCHOBIE PacTeTm:
Fazponcriecki xapasrepuerik. Myzune ofmmmatsioe. — M. Toc-
crpoft Poccrn, 2004 - 73 ¢

AT. Tarpuse, TLIO. Tarpaer, JLTL Masyp Ocobesmocta dopypo-
sasmun axcrRTIHORD Croxa p. TepneSyrax / Becremx KasHY. copun
reorpaberccran, Amiats - 2017 Ned0, €259,

AT Tarprmen TlocpmmocTasic BomESE: pecypest TcppETopR opoza
Asstarss |/ Tuspestcrcopoaorss n sxozorms. - 2015 Ne2 C.66-78.
“lurpusen AT Masyp JIL. Pavermon MH. Hovanzos M. Crox u
PYCIOB0f BOTHBI GATaC MATHX PeK FOpOTA ATMATH B TPEETaX ro-
DONCKOR Teppitopin // Becriin KasHY. Cep. reorpih. - 2013~ N2 —
€.5670

Slurpren AT THIPOTOTO-3KGIONKIECKAS OUEHKA NGTHX PeK TOPKO-
penToprof 20w FmicKoro ATATRY B pARpABOTRA peKONERTATA 1O
ox oxpate: AToped . KawA reor. HayK. - Ama-ATa, 2007, — 149 ¢
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HAVUHBIE CTATBH Tuapovereopotorus u sx010rmA
N1 2019

VIK 536
ELT. CepmiGa’
Kann|tex. Hayx KK. Iycxaen!
CT. Avserora!
M Ocnianosa
OIIERRA M3MEHERHA XAPARTEPHCTHK MIHHMA.THHOTO
CTORA B FACCEHHE PEKH ECILTH

K7i04essre ¢1080: TOTCROT CTOK, TOTOBO MAFIMETHIE CTOK, K03~
" - —————————
10 CTOKA, KpHBAS O0eCTIedeHHOCTH

B Coumbe 1peOCIA NS Pesy TmaMSL PACHENI OCHOGHHX TapaxMEpIL-
e per: Gacceiina p. ECUTS € yuemosi S0CCMTHOETEH LY 62TINIH 1 UCNOTE30-
saies: xadacmpostx siamepuaros no 2016 2. sxTovmETbHO.

o pesymomanast uccredosanui suiacieHa meppUMOPUATHR COZTaCO-
BHHOCHIS NHOZOTETIHEZD X00G MINIMATSHOZD COEONENECHHOZD nene-Ocer-
He20 Coxa pex Gaccelina p ECUTS, NOTYNES YMONHERHSIE U HOENIe OarHbIE O
20 napasempa

Bernsneno, "0 cpedriee MHOZOTENIIEE SHINEH e TEMHE-0CLHHIT ML~
MGTBHbIX CPEOHENECHSHbIX PACTOO06 6008 5 NEPIOD € HAEVIEFHBIN CTIOKOM
1 CpaEHERIO ¢ HOPMON 3 yCI08HO-eCMECSEHHHE NEPI0D & CMEape p. ECUTh
2. Acmaia yoemriunocs & 3,3 paza, ana omdemserx nocmax (Kaueiseai Ka-
poep, & Hemponasaoscy) ywerwuatocs & 1,6 u 1,2 pasa coomeemcmoento.

Bsenentte. Ha TeppuTOpI KA3XCTANA HACHTHEGETCS GoTes 85 Toic
PEK, BPEMEHESIX BOTIOTOKOB H TOTOB, 110 KOTOPSIM 0CYIIeCTRIAETCS IOBEPIHOCT-
‘s CTOX BOBY B ToN e 228 pex mmmmoit Gotee 100 arm 6 —Gomee 1000 xax
TYCTOTa PeuHOR CeTH Ha TepPHTOPHH ecTTyGIHKH B GACCeRHAX TIYCTHHERIX 1
PASENENECC 30H KoTeGIeTcd o 0 Zo 0,05 KA, B TOPHEX paHOHAX 10
0.4 g’ 1 Gotee; cpeTHIT TIOKEIATeTs TIo pecmTyGITKe papert 008 kg’ 7o
‘Memme senr 5 cpemmen o CHI [4].

KAK HOKashIBa0T Hec Tenoparns TT & TTasperThena [9], cymvapibie pe-
eypeEt moBepxHOCTERTX 301 Ka3aXerasa 8 60-70 oS! IPOITOND CTOTETES CO-

" KasHY m. am>-Gapabn, 1. Amuarer, Kasaxcras
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eTasnaT 115,33 arrom, 1 KoTopers Tmms 60,37 kae’ it 52,3 %, dopapo-
‘5aTHCE B Mpenenax pecty I, a 47,7% HOCTYTATH € COTPETETSHBLS TeppATO-
pu, ws KHP (pp  Epric, Fne) — 34:8% , u3 Vibexuctara (p. Copapas) —
39,70 %; 3 Pocemt (p. JKats) ~19,30 % ; 13 Ksiprarcrasa (pp. L1y, Tanac,
Aca) ~ 6,20%. CPeIET BOT00GeCTSMEEROCTS TEPPHTODHI! 34 CTRT CTOKA, (Op-
AMHPYIOIIETocs B X0 MpETeTaX, CoCTARTET 22,2 Toie APAQE B CPeTHII 10 BOT-
‘socTH roz. To ecTs, BofodGecretTermocTs KasasCTaa 3a CeT CBCTBEHTEIX pe-
cypeos mmreTCa cavoft FrsKof, moce TYPRMENACTARA, 110 STOMY TOKASATETIO
eI peCTYGTAK TOCTCOBETEKOMD MPOCTPACTSA, A C YUETON TPAHSHTHOTO
CToKa 0BbeOM 42,5 Tie AY/K0’ JAMIMAST ToCTeT e MecTo cperm ik, Kpafine
‘HepaBIoMepIOE pacTpeTeTeIIIe BOTMLIX PeCYPeoB 0BYCTOBTIRACT K Hepasto-
MepHY0 BOI00GeCTIeUSEHOCTS PASTHURAIX PAHOHOR

OOBEKT HCCTETOBARI, PACCNATPHEACMAT TeppITOPIS SAEMMAET 3
‘manmyI0 oxpamy Kajaxeoro MeTXoCONOTHHKa, ABTAIOMETOCs OCTATKOM ApeD-
el FOPKOf CTPARBI, BHPOBKERHOM IPOUECCAMA /1Sy JAIIH H BEBSTPHBANMS A
B SATETsHON Mepe TOTPeGENHOM [0 PEOCTSIMA TPOAYKTANI PaspyILeHIT
Xopemmix mopoz. Pexa ECITS OTTINASTCR ACKTIOSITELIO MATOR BOTHOCTEO
(ee c1ox cocTanaser Bcero 0.5% croxa p. OBK). Ona saxmuaer 13-¢ Mecro cpe
Pk CHI 10 1mste 1 38-2 MECTO 1D pasepaM IIomaTs Boz0cGopa [5].

‘Hcxoxmnte Tanmbre it MeToILI ncC e ToBaN . Bozoxpanimm, pery-
TApyIomue eCTeCTBEMmELY BOTMBY PEANM, IPEBETH K HIMEHEHI0 XaPAKTEPH-
CTHK MIIDATEOTD cToKe. [T OMENKIT PACTETIIL BT MINIMATHIOTO
‘CTOKA B COBPMSITEDS CIOBILIEX BHITIOTHEE: QHATINS TTUIPOTOTITRCKITK MATeDHA-
08 PEAOB HAGTIO eI 32 PACKOIANI BOTB! B MYHKTAX IHAPOTOTHYECKOR CeTit
Kasrmaponera. B KauecTBe XAPAKTEPHCTHK MEEMMATEHOTO CTOKA PACCMATPHER-
THCE CpemIIe MECSIIe MITHMATEITIE TeTre-OCeIe PACKOS! BOTB B MyTIk-
Tax na pexax Gaccefina p ECUTh, MVEROX HanOoTee LTATEThHAE TEpHOTH
‘saGmoneui: p Eewts 1. Actasa (19332016 1r.), p. Ecus — . Kanesssri
Kapvep (1947...2016 rr.), p. Ecrums — . Ierponantonc (1893, 2016 r.), p. Ka-
6ai1—r. A6acap (1936 2016 1), p. Ceneru—c. HsoGuseoe (1957..20161T),
p. Iaranasi—c. TTasoEka (1940 2016TT). CXeMa PACTIOTIOREHIS PACIETERTX
cTBopoB Ha pexe mpmpenera ma pric. 1

MM E CTOK DeK IBTRETCR OnrOf 1 BaKHeRIIX THIpOTOrHe-
XX XAPAXTEPHCTHX, KOTOPAS MMEST GOTBIIIOe SHAUSKHe D HeC TeIOBAHM
‘HCTORHIKCE MHTAHI, BHYTPHIOI00TO PACTpeSTeHNE CTOKA pex i 1p. JlamEste
© MIHMATSHOM CTOKe, KAK THMHTHpYIOIeM GIKTOpe, MMEHT PAKTHTECKOS
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IIpIMeReEIte TP MPOSKTHPOBAENIT MTEEB0T0, XOMCTSRHE0-GHITOBOTO 1 IpO-
AsmTemsoro BozocHaGxermr, TOC, passirTinm opomesmi i 1.1 Vemtenme ax-
TPOMOreRHOR BATPYIK B2 PEKH TPEGYET HATEKHbX JAHHHX 0 MEHHMATSHOM
cToxe pex

Puc. 1 Cxena pacnonoxcenis nywxmos 2uoponoziwiecass Hasmooesil
a cmoxo s Gacceiine p. Ecure.

TTo MUV HED CTOKON HOHIMAOT HAMMeHSIIIT CTOK peK, Habo-
ZaloMTCE B MEERD, K0T PERH NEpEXOIAT KA TPyHToBoe mimasge. B 3ror e~
PHOT MOXET GEITS TAKK® HeSHAUHTE IR [IOBEPXHOCTHSIH CTOX

OcOGERHOCTI GOPNIIDOBEHITE MEHCHHOTO CTOKA OTICTHHLR PAHOKOD
PACCMATPEBAENO TEPPUTOPHI OBYCTIOBISHE SHATHTE THHBON PaSHOOBPATHEM,
KAK KTHMATHYECKITX, T2 i THIPOTe0IOrHYeCkHX YCIoBHH Bot0coopon. Taas-
HBIN GAKTOPON, OMPeTeTTOMIHN BeTINIES! MeEEHHOTO CTOKA, SBTASTCR CT2-
‘e yoTwRerma TepprTopIH BOTOCG0pOE (6]

Ha paceMATpBASMON TEPPHTODWN TpH CPABSHTETHHD OTMEAKOSHX
KTMATITACKITR OB BETIITEA MIBIMATSOTO CTOKA 3AEHCHT T MeCTHBLE
KO TeorpadTIeCKI: ocobermoCTel TEPPETOPHIT peTieda, reqnOTITR-
CXOro CTposHIA Gacceiita, LAYOHHB BPESAKOCTH PYCTA 1 HHQATTPAITHORHRK
CBotiCTs MOwBO-TpYTOE.

Mesenmri mepion a p. ECATS ZTHTCA B cpeIe AeBATS Meexes (¢
0713 110 MaApT). B TeTHIN MEPHOT MAFIVATSHE PACKOT BOTS! HAGTOIA0CK
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B IOTe-ABTYCTe, 4 B NG IeUOT — SHBAPe-MApTe HANMEHHIIAE W3 MIHH-
‘MATEHAIX PACXOTIOB TPIKOTATCS HA SMMEION Mekes:, B KORI? MeCTHIECHTE
Toz08 ectecTs ‘THIpoTOrIIeckH pexns p. ECH GELT HApYIIeR BOT0-
XPAHILTHIAMI, OCYIIeCTEMIOMIIMI MEOTOTeTEee Pery THPOBIIE CTOK (ACTa-
HECKOS ¢ TOTEHOH eMKOCTBI0 378 3mrAr’ B CEpreeBeoe ¢ NOTe3HOM eMKO-
€50 635 M w®) Tlocse CTpOMTeIbCTBA ACTARMKCKOr0 1 CEPTeeBcRorD BOo-
XPAEILTIN MUHHMATSHse PACKOTE! BOTS! BO3POCTI, TIABESIM OGPAI0N, B Imi-
G010 MelKeHS, JRTIITTs 0 CORPATILIOCE THE10 T ¢ OTCYTeTBARM cToxa [2]

PacteTHble BETITHRL MINIMATHHOTD CTOKA pek. Mintmasme
PACKOIAI (FOPMEPYROTCA 32 CTET TPYRTOEOTO MHTASIE TIOCTe TPOTORTSHES Be-
‘COHHEro FTH BeCeIHC-OTHETO TOTOBOTHT. SDIIE MITHIMYNSI MEHLTE CTHIX.
B CBAI ¢ yMembIeRHeN ToTseoro mrasr Tlepromst TeTre-ocermted o 3mi-
el MeeHI 52 XORKpeTHAS FO3! BAASEHA 10 THAPOTpafan CToxa

B TOPERIX pAORAX K 30He MIGHTOTEOT VRTSAHRKILT MININATE R
CTOK 0GBITHO HAGTOTASTCA SO, B SOHe HETOCTATOTHOTO YETAHEHIS — Te-
TOM, 2 B TIZpeXOIHBIX 30HAX — M ISTON, W NI

B DASTINHBDY THIPOTOTHMECKITK 1 BOTOXOIHCTBSHERIX PACTETaX e~
"MOTEIYIOTC CeyTOMIHe KapAXTEPHCTHI MHIIMATSHOO CTORE:

— TN CYTOSHBR PACKOT 3A TOX

— MIIMATLER CpeTHeMECSTHI PACKO (31 KATeHIAPHAE Aeca),

~ Cpem pacxoT BOTEI 32 30 CYT. C BAUMSEKII CTOKOM (2 KAToH-
AAPEE Mecsr);

— MUBEIMQTILEEI ARKRHE PACXOT BOTEL,

~ a6COTOTILHY MEIIVYM. KOTODET AFTACTCS HANMVEITIIIM CYTOTENS
PACKOTOM 33 BECh MepHOT HAGTIOTETT H TOKASHIBACT MAKCHMATHIO BOSMOR-
Y0 CTeCTRRHIYIO CTeneH: ICTOIEE PETOrD cToka [1].

EeTs Tamke TpeTOKCNIE HOMOTE0BATS CPETIHE PACKOM BOTE 32
Apyrve mepoms ¢ FamerbII croRom (7,23, ., 284 cyr) [1]

MEEMATERH 30-CYTOTHM (HEKATEHIADESM) CTOK OTpeXeTIeTed
CTenyTomIN 0GpAIOM. 30 KA TOT Mo THIPOTPAdY CTOKA T O TSI
ERCINEBHIIX PACKOTON BOTH! OMPETETRETCH YIACTOK ¢ KANMEHBIINGE PACKO-
AGMI BOT5! MPOTOTANTETEHOCTER 30 CYT. W IOCTHTHERETCS CPEHMN PACTON
30 DHEPUII Mepnod. MuNIMQT:e 30-CYTOTIE? PACKOTs MOESMe T
O S ———

U715 XapAKTEHCTHEH MUHHMATBHOMO PACYOTA OCEOBHSIX pex p. EcHTh
‘GBI HOMOTH30BAHS MIEIMATHIHE CPOIEMECTTIE: PACKOTH BOTH TeTHe-
ocermeit Mexerm. D0 obycroBTeno Ten, o, o HecTexosaman [5, 3], mp
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JOTOBHIE eCTH Meen LTITCR Goree 60 CYT.. MIIIMATSII CpeTHeMeC T
CTOK ZIOCTATOMHO SeTXO XapaKTepHsyeT MeReHh MEHHMYM CTOKa. M-
MUIEHBIT MeCSUEBI CTOK PACCHMTHERTICS 32 HePHOA J2THe -OCeHHRl MekeH:
(IV.. X) FHAPOTOTIIECKOrD FOAA. DTH ARHLIE BUKHE A1 XOITICTRCHIORO He-
‘MOB30BAMILE CTOK, TIpEAIE BCETO ZUTX PeIIEHIA PASTHTHBX BOMPOCOS X0sili-
ctpeno-GaroBoro BoxocHaGKerMA.

Ocrommbno napaveTpays pacmpenetemas roro croxa pex
FBIAOTCH HOPMA, KOFDOUIHEATS BAPHAII 1 GCHMMETPHH H PACKOIBI BOTB
PAIOff OBRCTeTeAEOCTIL DTi XAPIKTEPHCTIIH CTOKS ONPRISTEKEI IpIe-
"HNTTEHO K MIIIMATEROMY MeCTHOMY CTOKY.

‘Hopust, KoxpmmterTs! sapwattay (Cv) 1 acmrerpimn (Cs) MimmaTh-
HOT CTOKA OIPETTERH M0 OGMENpHETE GOPAYTAN ¢ BeTeHHEN HONPAEKH
Ha cyemmertoeTs MapaMerpon Cv 1 Cs. JIK ONPRETEHNA PACKON BOT Pa3-
rmolt ofecneserHocTH HoCTpoeHs KpuEE obecnesermocta. TlocTpoermie
kpHBite oGecrewesoCTH 00 rApomocTy p. ECil — I. ACTaN IpUBeleHH Ha
pc. 2.

TIpn EecooTseTCTBIN aEATATIecK0H KpuPOH HaGTOACHEED SHAe-
KM PACKOTEL BOI PASIMNHON 00ECHI2UEKHOCTH OIPIEeHsI 110 SMIHpHIe-
CEOT XpEBOTL. B GOTHMIHHCTEe CTyTA2E TIO KON TITION KPHBOI pacTpere-
MR 1715 ONHCANAR MIHHMATSEORO T THOTO MeCTHOT0 K SHMHETD CTOK OKa-
satach kpisas pacrpe tener i Kprixoro-Merxes npu Cs=2Cv

K PeKaM, HMEIOIIIN CTOK B T2 MEKEHIL, OTHOCKTCS p. ECHTS ¢ IpH-
Toxanm & p. IlarmER. BOTSAL TACTS PABEEHOM TepPATOPIN OTTHNASTCH
ManoROTHOCTRO. Ha pexax Kapacy, Ky3ms-Kapacy # YT SO7I0TOKAX cToK
‘TpeXpaIIaeTCs Yke B EQTAT MeTa, M 3024 COXPARMSTOS TOTEKO B FIYGOKIIK Tie-
cax. TTapabieTpsi MIIHEMATHEOTO MECHTHOND J2THETO CTOKA OCHOBEELS ex Gac-
cefia p Ecm, paccuimmansie 3a epHOA HAGTIIeHI, W PACKOAT PASTNHOR
0BeCIeTIeHHOCTI IpHBRTeHE 37261 1
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Q% Kpuoan oGsenewmmocn: 1933-1970 m. p. Eenn - Acraun
Qe

=1
o ool e dob b BB T

Puc. 2 Kpustte 002Cnesen oCi MusuMATENIX TEmHe-0Cen L Pacodos soost
3a sec nepiod naGmodenu (), 90 nocmpoenus sodoxpanuruia (6) u nocre
nocmpoenus sovoxpasuma (6) no uoponocmy p. Ecus — 2. Acmana.
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TaGmma |
TIApAMETS! MHHHMATSHOTO MECTIHOTO TeTHSTD CTOKA OCEOBHEX pek
Gaccefima p. ECILts 52 mepmon sab o emuli B PacxoTs! pasTrTof obecTsger-

HoeTn.
ncao ‘Pacnoa pastrmoil
Teprox
S N [ P g 3
wit | IO 7 | 80%
75% | 80% | 95% | 97%

T MHRENATS R ACTRER PACIOA0R

19332016 84 069 133 266 009 006 000 000

pEowm— 19331970 38 031 137 274 004 002 000 000
rAcrum 19712016 46 102 108 216 026 019 003 002

pasn 071 029 058 022 017 003 002
Eenm_  1997-2016 70 377 072 144 179 154 081 047
e D190 245 072 144 237 204 085 083
19712016 46 312 059 LIS 176 157 082 065
Hare 188 013 026 061 047 003 002
Eonm_ 1893206 124 121 053 106 735 665 379 315
e, 18931968 76 128 054 151 775 713 500 462
TITROTE- 196 2016 48 109 048 082 708 64 374 301
onex P 19 006 065 067 073 126 161
p. Kagafi—
N owap 1936-2016 81 066 08 178 024 019 005 003

PCEmT - 557 2016 60 051 091 191 018 014 006 004
‘Hiobuissoe

s 19402016 77 017 112 258 004 004 002 002

B PeYILTATe PACTSTOB C HCTIOTS30BANTIEN HOBSHIIIY KATACTPOBEIX Ma-
TepuaTon 1o 2016 T. BRTOTITETSMO, BHBTENS TPPITOPHATSIAL COITACOBAT-
HOCTD MHOTOTETHErO X0Ia MMHIMATBHOIO CDEIHEMECHTHOTO eTHe-OCEHHETO
CTOKA pex Gaceefia p ECILTS, MOTyTeRH YTOTHSER® I HOEEL? TAHEEIS 0 Tapa-
METPAX MIFEMATEHOTO MECTIOTO MEACHHOTO TeTie-OCMIEro CTORA ¢ ZA-
HBINI 06 OBCTIESEHHBIX BEHEIAX OCHOBHBX PeK.

‘BELIBIIeHO, WT0 CpeTHEe MHOTOTIETHeS JHATSHIE eTHS-OCSHEIK MITHH-
MUTEEED Cpe/HeMec,TTHEDS PACKOTOB BOTS 30 MepHO ¢ HAPYMIMIEIE CTOKOM
(19712016 11 ) 10 cpaBeRs o © HOPNOF 57 YCTOBHO-ECTECTBEHABN MepHOT
(19311970 1T:) B cT8ope p. ECHTS y I ACTAHA YETHTIOC B 3,3 Pasa, 3a me-
pHOT ¢ mapymemEEIC cTokon (19712016 IT) HO CABHEHHIO C EOPMOT 30
‘yeToRo-ecTecTBemmi meprox (1947...1970 1) 5 cTB0pe . Katermorii Kapep
ymerpmmIocs 5 1,6 pasa, 3 nepmo ¢ Rapymersmor cronos (1968 2016 1)
100 cpaBHeRInO C HOPMOTE 30 YCTIOBHO-eCTECTBRRHSIR mepiox (1893 1968 17) B
‘cTBope r. TleTponantoscx ymemsmmocs 5 1.2 pasa
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CTICOK THTEPATYPBI

1 Awyces A3, Parwep HC, Coxoros B A Masmvatsinii CTo: cocTos-
mie  w  meponexmwsst  mcctenoswms / Tp. TTH - 1991~ Bem
355.-C 3-28

2 BoEsie pecypes: Kasaxerasa' oesks, mporsos, ynpastesie. T VII - Pe-
eypest permioro croka Kasaxerasa. Kt 1 - BosoBHOBII2MEL® PECSCEL HO-
‘BepxEoCTHBIX B0 3amamoro, Ceseprroro, Iemmpamsztoro  BocTowmoro
‘Kamxcrana - Amatsr MHCTRTYT reorpaduon, 2012 — 684 ¢

3. Tammepms P, Caipos C. MAEEMATSHSE CTOK OCHOBERIX pex Kasax-
cacxoro Amres // Becrmx KasHY. Cep. reorp. — 2005. — Ne 2(21).
€ 207215

4. Tonyowos BB, JlzsperTees [L @, Cocexos H.C., TIpoSaIesst ruaporo-
‘i Kesaxerama // Tp KesHHTMH. ~ 1983 — Bym. 80.-C. 3-19.

5. Kapawomoen K. Sopympoparie cToxa pex KSIprivicTara s Manonommt
‘TepHOT H 8r0 pAIORATSHO HeMOTE30BAEEe. — BAIIKeK, 2002 — 162 ¢

6. Kmibames K11, Topomsop 1., Tiapororsriecke pacerst. — JL: 1
‘povereomsmar, 1970. - 460 ¢

7. TlocoSe Mo OTpe e TeHHIO pACISTEEIX THIOTOTHUECKITX XAPAKTEPHCTHK.
—JL: [iuxposeTeomzar, 1984. — 444 ¢

8. PacypCH MOBSPXEOCTERIX BT PAROHOB. AKMOTHECKOR 0GmacTs, [0 pe-
Aaximefi B.A. Vpmacea. 71 [HAPONeTe0RIaT. 1959 ~ T2 684 ¢

9. Temumon L H. Jasperrmen TL®.. Abmunzm C A Bommsre pecyperrKa-
saxcrana n K nenomsosanme ~ Anva-Ara KasHHIHTH, 1978 =78 ¢

Tloetymuna 26.03.2019

H T. Cepixbait
Tex FeLmn KamT

ECLT 63FHI ATBRIHIAFBI ©3EHIEPITH MHHITMALTE
AFBIIBICH] CHIIATTAMATAPBIH BAFATAY

Tyiin cosdep: FOUBIBI ATNEIN ASIUBK MEDTE! TR BApHANE

‘KOOI, SR KoXPITRAT, KopPRTIEN Xo>)IIBRETL WM
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Banon T A Y pHTE, Hss, Banenot X
MBI 03Py MAFATHIHAD AAMATI OBAICHIBIN
AYMATMIMADIbS ATMOCCPIALIK KYaIIBIANKTH TAAARY

Kaai

AMAKAA2AD ANTE OGAMCUIH 25artt il 19862016 KHAAGD SPANHIHIAZ X33 NESTAINE
TMODEPAAK, KYGHIAMKTLN TaANSYbL KCATIDIATCH, STV 2 TOMNCPATYPACEI Ner Kayoir-
UM NONMETIE! HEFIIHAG KADICTODHAN OTLPYAN aYNAKTAFH CNHCTWPMGAM. TYDA®
(ke OpHAAACKaH 7 Cras 3 €ABTIN KY ALK WHAGKC]  eCerTenTen. Kypraxuumns, eyl
TG KYBHALICTIPTa KATAAH, CeGe0i ONGP: aYbik LIPYGHUIANEL ADKBIARAPUINIH YAKEH GHAZDAD
KApRAYbIS, HONITCDATN AGHYLINA, KATTH BETHI AOHE CYCH3ARIYH CANAIDHINGH NGAAHIH AGTTaH
KHPLAYHINa, €Y. XOPHHUI Z330MHA OKEACA, YA 03 KESRTINAS IACKTD HEDIHSCHNIN ORAIDINYIN
TOMEHARTEA, OHEPROCIT, KoAlK, CaYAT KYNESCE OY3aAH, 48 KCHGID QYAHAIDAR 3Yba YA BoNMayes
AT e OAINAS TYABDaAR. KYPFXUIADI KESIHA OpUHAIDALI TOTWDIK KOPFaY PONTY, OAJPASI.
Y KOy NHI TOMCHACTETIN, COMAGF-2 OHOPKOCIR el KYPAMC YU 25t KODWN KMCKAPTATHN
AHaR XO1E OPVAN OPTIER! MatAT BOAAAM. KPFAKUIWASIK AYAAWKTIPAK CPYIM UIRITEA] XoHe
FASUMIAAL CORACDAT KANWTTACTIDY YLIN KR0H AQCaFab. ORGP, TOTIIDSKTI KYPraybia Kone
CAKTAHYH bIKTIAA OTCA, Y03 Ke3eriHA® 0K XCA SPOSMACUINA OKeneal KYPI aXIBIANK KESEIHAL
KO AGANK KATTIIDAMIKTSI OIS KAGATTaPb! EPHAI, KED Tt CYNDWIIN, OICHACDATH ACHTEA!
TONGHAGHAI, KOMAGP, CY aFADWIAADS Mei GaTTKIPAL KOy NPOUECTEp! ypeal. Kasipr yaxbiria
YDFAKILBIALK MYHATH KODKHHUITH JAPAGTTIPTa W OV, SIPAK OAINAL KOPFay Xone CAkTay Yl
VAKEH GKUANIT WAIFHAIPAM 1A ©TeA. OCHI SEPITEYAT OPHHALY GADHCHINAG KEAEC HATWKENED
ANUBIABE: OPTYPAT KAPKHHAMAIKTAFbS K aIULIALIK AQFAZFADUMBI, CANbL, S MHACKCINIH KCTPENIANS
MOMACPi, TMOCIDEDIA, KYIHIIIIK KETAADTbKYPACTIPHAAS:
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A3 BTMOCCBEPHOR ACYLIAMBOCT Ha TERPATOPH ANNGTMHCKOR OBACTH
W YCromraR COBpEMENOND HEMEHEINA KAUMAT

B Crarho ipHacacts ass arOCpHOR SACYUIMMBOCTH AN PETHOHS ANNGTHHCKDi OGKACTH Ha
ocHoRe pACUCTa WHAGKCA SACYUAMBOCTH TTEAR S 10 AdHiM TEWTEPITYPEI B03AYXA 1 OCASKOR AXh
7 CIaNAA, DTHOCHTEALIO PABHOEHO. PACTIONIXEHHX 13 WCCACAYEMOF TEpPITOPHH 32 ACTHI
PO € 1986 10 2016, FOA. JaCYXI OTHOHTCS K ONACHSM IDHPOAHWM SRAGKIIN, Tax KK O
IDHBOST X THGEAI CoRBCKOXO WACTACHHLX XYALTYD 2 FPOMANY AOUIBARX, MACCOONY IACAKY.
CKOTA 1532 GWIOPaNHS TPABOCTOR, CHALHOR X3P  OBCIBOKABIHS, YMCHIAICHIIO JaTICON DO,
0. b CROWD ONEPeA CHIOKCT UPABOTRY SACKTDOINEPFN, HADYILACT PAECTY NPOMLAIACINOCTH
TPEHCIODIG, T0PTOBA, &6 HEKOTOi PAFONAX OTCYTCTIME ITL0U0R BOA BLLLAICT FONOA  CHEDTT.
B 8wt 3y SOIHMKAOT HAPTSHLIE W ACCHE TOXPH, KOTOPHIE CHIGKIIOT NOVB0ILUATIYI PO
ACCOR, X BOADOXPIHOR JHUCIIC, 2 TAKKE COKPALLAIOT JaN3CHH APERCHII ANS IDOMLLLAGHHOCTY
1 CIPOMIEALCTOA. JaCYX0H YCHAMIAION TASHIH ACANHXOD W COMARIOT YCAOSM AN GOPNPORaRS
AN CONCH. Ot CHOCOCTEYOT HCCYIURHO W HIMCASAEHI OB, 0. 0K ONEPOAS
TIMBOAAT X . BETAONOR 5pO3HH. . HEPHOA AP OTTAWEIOT BEPXHIE [OPIIONTEY MHOTOACTHES:
NEP AT, (IOHIAGETCS YPOBEHS {YHIOBLX BOA, MACKT XM, BHCHAAIOT 030D, BOADEN 1 601013
B Halie e 3801 HO WMEKOTTaNIK DA FOCAACTBHI, HOTPEGYIT GOAMLY ACHEX X 3T
ANS S2ULATH W CONDIICIA YPOAaS. B YOAE DAIONKCHAA ASHIOTO WCCACAOBIHV AW NNy b
CAEAYIOUIIE PUOYRSTATUE WICAD CAYIBEB € JSCYXaAM. DIANIHON HHTERCHBHOCTH, SKCTDONAIEE
AR WHATKED S, KITAADT ATMOCCHEPHX J36YX S.

KNOUEBME CAORa: JTMOCCDUDIaR 336YXa, WHACKE S3CYWAHOOCTH HONGAWA TONICPATYDed

OCAAKOS, HCAD CAYEC ACY<aN, TEMIEPATYPA BOIAYYS, CYANG OCAAKOR.

Introduction

The concept of “drought” has become so
organically  incorporated into geographical and
agronomic practice that one could unwittingly get
the impression that there is a clear, unambiguous
understanding of ts nature. Meanwhil, i is not yet
possible (0 talk about the presence of 4 peneralized
model of drought set at the level of its most
significant features.

The concepis of “drought” and “aridity”
commonly used linked together. Drought defincd
‘s an abormal weather condition that can manifest
ftselF in any region, while aridity is a characteristic
of the climate of certain arcas. A different
understanding of the essence of the phenomenon
led 1o the emergence of many definitions and
approaches. (Buchinsky, Rauner, Uteshev, Ped’,
Drozdov). For example, WMO  identifies six.
types of droughts: metcorological, climatological,
atmospheric, agricultural, hydrological and public
(Abisheva, 1995)

InKazakhstan, s wellas it has been seen around
the world, there are sharp climate Muctuations

s0

caused by both natural and anthropogenic fciors.
Thus, over the past 15 years, air temperature
extreme values beaten in Kazakhstan where there
has been  tendency to increase in average annual
air temperatures and a decrease in precipitation in
the warm hal-year.

Mast of the territory of Kazakhstan represenied
by semi-arid and arid lat landscapes characterized
by low biological productivity and a weak ability to
restore disturbed vegetation, in which the processcs
of desertification are mst clearly and diversely
manifested. Therefore, in Kazakhstan a particular
importance should be given to the eflective and
rational use of natural resources environment in
dry years. When solving these problems, complex
ecological and geographical studies of specific
terriories and analyses of the development and
dynamics of thei landscapes under the influence of
droughts are necessary (Chernysh, 2012)

Atmospheric.droughts i Kazakhstan create:
a special environmental stress of soil conditions,
since the evaporation rae of soil moisture i dirceily
dependent on the lack o air humidity. The reaction
of different soil types is not uniform, however,
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lowering of moisture is common to all, which
significantly reduces the wind resistance of the
soil and enhances desertification and deflationary
processes.  Therefore, dust storms are usually
destructive companions of droughts and they cause
great damage toall sectors of the economy (Salnikov
etal, 2015).

Among all the regions of Kazakhstan that are
relatively homogencous in climatic characterstics,
the Almaty region is notable for its lush diversity.

The area stretching between the Balkhash Lake
and the mountains of the lle Alatau, combines five
climatic zones. Here il is equally well possible to
develop agriculture and caitle brecding. This region
includes five climatic zones, which cause a large
variety of ccosystems, and has two reserves and five
natural parks. However, such picturesque paintings
risk becoming outdated if climate risk management
‘methods are not applied at the state level as soon as
possible.

The territory of the region belongs 1o the
Balkhash and Alakol watershed. A characteristic
feature of the basin hydrography is a dense river
network in the mountainous part and rare in the
plain. The bulk of surfuce water formed within the
high mountain ranges flowing 10 the north-west of
the region

Physical and geographical conditions of the
Almaty region are favorable for the cultivation
of grain and vegetable crops as well as for the
development of animal husbandry. The territory
occupicd by agricultural production (plant growing
and animal husbandry) is 16,4233 thousand
hectares. In the total structure of agricultural land
in the Almaty region, pastures account for 89.5%,
arable land ~ 6.6%, hayfields — 3.9%. Sown area of
crops is 861.6 thousand hectares. The soil-climatic
conditions of the Almaty region are favorable
for growing wheat, barley, corn, sunflower, oas,
sugar beets, tobacco, potatocs and rice. For this
purpose, snow retention, the creation of forest
shelerbelts, ponds and reservoirs in ravines and
beams, harrowing of soil and other agro-measures
are carried out (Sekenova et al, 2016).

The climate of Almaty region characterized
by high air temperature during the growing
season, insignificant precipitation, and low relative
bumidity, evaporation of moisture by the soil and
water surface, which contributes (0 the development
of drought and wind erosion.

Drought is one of the most dangerous natural
phenomena i the warm hal-year, causing enormous
material damage 1o agriculture and reducing the
‘ield of grain crops and pastures. Drought in spring

and summer is especially desiructive. The purpose.
of this study i to calculate and analyze the aridity
parameter on the territory of Almaty region, since.
most of it used for the cultivation of crops, which in
i important for the ecanomy and agriculure of
our republic

Great attention is paid o drought forecasting.
Moreaver, developed countries are rying to predict
it not only on their own terriory but also on the.
territory of other states, which, depending on the
aridity of the year, can either importor export grain,
livestock and other agricultural products (Radzka,
2015).

Baseline data and research methods

A different number of scientific works are
devoted 1o the problems of climatic and circulation
conditions of occurrence and  prescrvation
of droughts. One of the widely used drought
charactristics (1) in practice is the hydrothermal
coefficient of G. Sclyaninov (HTC):

HIC= 10 SRS, [0}
where,

IR — the amount of precipiation in mm dur-
ing the growing season with ai temperature above.
10°G;

tis the sum of air temperatures in ° C for the
same period.

Following Selyaninov T, moistening of the
vegetation period is excessive when HTC is> 20,
dry when HTC is <1.0 and dry when HTC is <0.5
Long periods without rain, high temperatures and
low relative humidity of the ai lead 1o the fact that
the plant has absorbed misture reserves in the soil
are cxhausted and soil drought occurs. While amo-
spheric drought occurs rapidly and develops inten.
sively, he soil moisure escrves are depleted radu-
ally. The transiton from suffcient soil moisure to
thestate of soil drought i relativly slow (Uteshey,
1959),

Recenly, many researchers have used the pa-
rameter Si, proposed by D.A. Ped" (2):

ar

ey

a m

Si is the intensity of atmospheric-soil drought

at the ith station, AT, AR is the deviation from the

normal values of air lempersture and precipitation,

o, aR are the standard deviations of the indicated

meteorological values. Then the following eriteria
are used:

o®

@

st
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0 aimospheric drought
<0 excessive moisture.
According to the degree of intensity, droughts
are divided into weak (0.0 < 8i < 1.0), medium (1.0
<2.0), strong (20 < Si < 3.0) and catastrophic
(51 3,0) (Sadokov et al, 2001).

According to the data of air temperature T and
preciptation R for 30 years from 1986 10 2016, and
D.A. Ped's formulation, the aridity indes S for 3
summer months was caleulated for 7 stations of Al-
maty region, elatively evenly located throughout s
teritory (Fig. 1),

Figare |

The average monthly data on precipitation and
air temperature from tables TM-| were used as the
starting material

Results and discussion

“Table 1 shows the standard devitions of tem-
peratur (0T) and precipitation (oR) for the period
of 1986-2016 in the summer period of the year at
seven stations of the Almaty region.

Following table 1, the standard deviations of
temperature oT at siations in all summer months
vary slightly from 0.7 (Chilk in Augast to 1.6 (Tal-
dykorgan n June)

“The standard deviationsof oR precipitation vary
in the range from 6.9 (Chiik, August) 1o 31.2 (Al
maty, lune)

02

Locationof mecorsogical saions in Almay egion

From the calculations of the aridity index of
P table 2 shows the extreme values of the aridity
parameter (Smas) observed in the study arca from
1986-2016

Analysis of the data in Table 2 shows that a
severe drought obscrved throughout the study arca,
‘Atthe same time, Smax varics from 2.4 (at Bakanas
sation in August) 0 4.7 (at Narynkol sttion n July).

I June, the average Smax value forth teriory
of Almaty fegion is 3.1. The maximum is observed
in Chilik (Smax = 3.6) in 2008, the minimum in
Bakanas (Smax — 2.6)in 2008

In July, the average Smax value for the teritory
of Almaty region is 3.8. The maximum is observed
in Narynkol (4.7) in 2015, and the minimum value
is n Chilik (2.6)in 2015. At the remaining staions,
the Smax values range from 3.5 0 3..
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“Table 1 Standand devition of emperatur (o) and precipitation (oK)
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In August, on average, for the eritory the value
of Smax is 2.8, The highest value is noted in C|
(3.3)in 2012, while at other stations the Smax values
range from 2210 3.2,

1t should be noted that in all summer months
in the study arca, extreme values are observed in
the last decade, and it can also be noted that at all
stations under consideration in July, the exreme
values decrease in 2015

GK. Turulina and G.T. Suleimenova studied
droughis in various regions of Kazakhstan also
showed that droughs of low intensity most often
observed, moderate droughs are less common, and
severe droughis are very rare. Extreme valucs of
the aridity parameter Smax can also be observed
throughout the study area and reach 2.4-4.1
(Turulina et al.,2001)

According o the results of rescarch by the
authors (SaPnikov et al, 2015; Salnikov et al,
2016), over the most part o Kazakstan 5 dry years
were also observed (1991, 1995, 1991, 2010, 2012
and 2014), droughts oceurring Tor two and three
months ina row.

“Table:3shows the number of cases with droughis
of varying intensity, observed in the teritory of
Almatyregion from 19862016 in the summer
period at 7 sations

s can be seen from table 3, for the period under
review, the total number of cases with droughis of
varying intensity was 348,

Droughts of weak intensity § =0 I are mostof-
ten repeated. They account for 50.9% or 177 cascs

“The greatest number of cases with droughts o low
intensity i observed at Bakanas sation (29 cases)and
theleast number of casesat Almaty station (24 cases).

“The recurrence of droughts with an intensity of
S = 1-2. is equal t0 30.5% or 106 cascs of the to-
tal number of cases with droughts. The highest fre-
quency of occurrence is also observed at Bakanas
station (19 cases),and the least frequency at Almaty
station (11 cases).

“The recurrence of severe droughts $ = 2:3 is
ven liss and amounts to 13.2% or 46 cases. The
highest frequency of occurrence is observed at the
Almaty station (9 cases), and the lowest frequency
atthe Bakanas and Chilik sations (5 cases).

5
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Catstrophic droughts with § = 3-4 are much  Table 4 shows the cataog of dry years fom S

less common. Their repeatability is only 5.4% or 19
eases of the tota,

0-1 by months of the summer period in the terrtory
of Almaty region from 1986 t0 2016.

Table 4 - Caalog o dry yars with 0 ver th summer perod i the eeitory of Almaty reon (19%6.2016)

Monts = Years

Jume[1990,1991, 1994, 1995, 1996, 1997, 3000 200, 204,

uly 1986, 1991, 1994, 1996, 1997, 2000, 2005, 2007, 2008, 2009, 2011, 2012, 2013, 2014, 2015
st 1987, 1999, 1994, 1998, 1999, 2001, 2002, 2006, 008, 2010, 2012, 2014

According to the data of table 4 it can be seen
that, during the period under review, 4 dry years
(1994, 2008, 2012 and 2014) were observed in the
Almaty region, during which a weak drought was
observed throughou the summer period.

‘There ar droughts observed for 2 consecutive
months in 1991, 1996, 1997, 2000, 2005, 2007,

2011 It can also be noted that a the same time in
June and August, droughts were observed in 2001
and 2010.

For agricultural production, droughts  are
dangerous when S 1. Such droughts were observed
in the following years and months and are given in
table S

“Table 5. Catalog f dry yearswith 5> 1 over the summerperiod in e erioryof Amaty egion (1956:2016)

Vo Ve
une 1990, 1995, 2001, 2005, 2008, 2012, 2014
oty 19911997, 2005, 2008, 2012, 014, 2015

st 1957, 1999, 2002, 2006, 2008, 2012, 2014

Following data shoen i Table 3, a drought with
21 was observed for 3 consecutive months in 2008,
2012 and 2014. Also, at the same time in June and
July a drought was noted in 2005,

54

Droughts with the index $-2 are the most
dangerous for the life of people and for the econom;
ofthe republic, since they cause catastrophic damage
tothe local economy (Table 6).
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Tuble 6. Catalog ofdryyears with $2 or he summer period
in th eritry of Almaty resion 1986-2016)

Months Yours
June 3 20012008

saty s

Avust 1987, 2006, 2008, 2012

Data analysis of table 6 showed that drought
with §>2 in Almaty region was obscrved in June
and August in 2008. Mostly severe droughts with

dmughtson avcrage o he porod from 195610 2016

an index greater than 2 are observed after the
2000s.

Table 7 shows the deviations from the norm of
the average monthly air temperature (AT “C) and the
amount of precipitation (AR, mm) in droughts a sta-
tions of the Almaty region.

Also, here, the total for AT and AR is given the
‘number of cases for which they were averaged.

Analysis of the data in table 7 shows that for
droughts with intensity $ (0-1) there are small air
temperature anomalies from 0.1 to 0.3°C and pre.
cipitation anomalics from -9.8 10 4.6 mim,

“Table 7 Deviatons from the norm of the average mondhly st emperature AT and the il precpitaion AR for morahs with

ntrsiy of gt

. S0 EE) 509 EEI

S| [ o [ ] & [o| 8] & [olar] m [0

Amay {02 [ 9a |2 [ o[ 203 [ | 15 | e [ o | a7 | ww |3
Bukaras 09 | 98 [ a7 [ s [ 5 | 26 | a1 | 1

[ Kopctogny s | 32 [ 15 [ 1o | oos |8 [ 26 | s |2
Narynkol o5 | s [ [ 1 | s [ [0 [ | s
Taldykorgn 20 |10 [ st | | 19 | 2 [6 [ 34 | a8 [ 1
Unnagach 2 05 | ws |6 | 16 | o [ 7 [ as | |2
Chi 25 (10| &7 16| 15 | 9 [ 5 [ ta | 07 [ 5

Droughts with ntensity 182 are characterized
by higher temperatures and insignificant monthly
precipitation. AT ranges from 0.5 10 1.0 °C, and AR
precipitates from -20.3 to 8.7 mm.

Severe droughts with intensity S (2-3) are u
versally characterized by higher iemperature anom.-
alies and significant precipiation deficits. Tem-
perature anomalies vary from 1.1 °C to 1.9 °C and
precipitation anomalies range fiom -28.9 to-11.5.

Catastrophic droughts with an 3<S<4 index are
characterized by even higher temperature anoma-
lies and significant precipitation deficts. Thermal
regime anomalics range from 1.4 °C in Chilik 0
3.4°C i Taldykorgan, and precipiation anomalics

range from 41.1 mm in Uzimagach 10 -10.7 mm in
Chillk. Almaty, Norynkol and Bakanas also have
Jange temperature anomalies and low AR values.

Besides, on the example of the drought in July
2014, atmospheric processes forming this danger-
ous phenomenon for the tertory of Almaty region
have been considered. The inital maeril was the
‘combined-kinematic maps of natural-synoptic peri-
ods (n.sp.) and the average maps of HS00.

InJuly 2014, 3 drought of average intensiy cov-
ered almost the entre teritory under consideration,
and i year was selcted for analyss, ince droughts
were observed throughout the summer perod and
mainly with the values of the index 152 (Table 8).

“Table 8 - Distibotion o the parameters . T () and R (mvn) in July 2014 over e ertory of Aty reion

Sotions | Almaty | okanas | Kapohagsy | Narynkol | Tadyhorgan | Usanagseh | Chilk
s 0 01 16 12 5] 12 o
T 209 52 259 oo 254 50 56
AT o8 6 09 o4 0 02 0w |

55
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In accordance with table 8, droughts of me-
dium intensity were obscrved at all stations of
the study area, with the exception of Bakanas sta-
tion. Here, the index was 0.7 which corresponds o

droughts of weak intensity. Practically at all sta-
tions, rather high temperatures (16.6-25.9 °C) and
a small amount of precipitation (4.5 44.9 mm)
were noted.

Figure 2 Average ild HS00 forJuly 2014

Figure 2 shows the synoptic._processes of
July 2014, They are characterized by a vast area
of high pressure, covering almost the whole of
Europe, the North Atlantic, and the western part
of the ETR. The axis of the high ridge is oriented
from the Black Sea through Ukraine and Belarus to
Finland. As a resull, dry and hot weather prevails
here. Al the same time, to the cast of this rid

cyclonic circulation prevails, usually accompar
by abundant precipitation. The terrtory of Russia
and Kazakhstan s located in the region of a decp
alitude hollow, whose axis i directed from north
o south from the Arctic Ocean through Tyumen
and Astana to Tashkent. This ravine extcnds to
areater heights and the formation of cold air at
heights contrbutes to ts formation. Cental Siberia
and Mongolia are influenced by the high rdge. The
crest has been stationary for a long time and it has

s6

a blocking cffect on the access of cold ai from the
north and north-west to its territory. As a result,
the moisture content is reduced and dry and hot
weather is mainiained.

The planciary altitude-frontal zone (PAFZ)
is located in such a way that dry transformed air
from Turkey and Iran passes through their erritory,
passing through the southeasier part of Kazakhstan,
and the teritory of Almaty region is inluenced by
the westem periphery of the anticyclone, which
causes a dry climate considered territory. During,
such processes along the AFZ, high-pressure cores
invade from the Black Sea regions, 13 well as from
the northem regions of the ETR, which initally
carry with them dry arcic cold air. As they move.
o the south and southeast, the air in these nuclei
warms up, and they themselves gradually increase
10 antieyclones (Fig. 3-5)
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Droughts are characterized by processes leading
o stable anticyclogencsis over the study area —
crests or small anticyclonic formations that have
been present for a long time are formed in the
surfuce layers.

Conlu

The teritory of the Almaty region, therefore, is
a zone of risk farming, where droughs often occur.
And therefore, to predict them, besides the climatic
characteristics of droughs, it is necessary 10 take
into account the peculiaritcs of the circulating
processes of the Northern Hemisphere, leading to
the oceurrence of droughis.

As a result everything above the following
conclusions arise:

1) extreme values of the aridity parameter during
droughts Smax varies from 2.4 (at Bakanas station
in August) to 47 (at Narynkol station in July). It
shauld also be noted that in all summer months in
the study area, extreme values have been observed
in the last decade, and it can also be said that at all
stations under consideration in July, the extremes
fallin 2015,

2) droughts of low intensity (0<8<1) most often
recur. They account for 50.9% or 177 cases. The
recurrence of droughts with an intensity 1<5<2 is
equal 10 30.5% or 106 cascs of the total number
of cases with droughts. The recurrence of severe
droughts (2<5<3) is even less and amounts to 13.2%
or 46 cases. Catastrophic droughts (3<S<4) are
much less common. Their repeatability is only 5.4%
or 19 cases of the total

3) during the period under review, 4 dry years
(1994, 2008, 2012 and 2014) were observed in the

territory of Almaty region, during which a drought
was observed throughout the summer period. Also,
there are droughs, occurring 2 months in a row in
the years 1991, 1996, 1997, 2000, 2005, 2007 and,
2011

4) severe droughts are almost universally
characterized by high temperature anomalies and
significant precipitation deficiencies.

3) droughts are observed under the anticyclonic
weather regime, as shown by synoptic maps for July
2014,

6) July 2015 was the driest month for the
territory under consideration

From the data of the Annual Bulletin of
Monitoring the State and Climate Change in
Kazakhstan for 2015, it is known that in 2015
‘global warming reached record levels as a result of a
prolonged rise in global temperatures caused mainly.
by greenhouse gas emissions from human activiy,

mbined with E Nino phenomena. The global
average near-surface temperature in 2015 was the
highst, with an obvious margin from the ever-
recorded values, according to data sources analyzed
by WMO. The global average temperature this year
was higher by almost 0.76 + 0.09 °C_ compared
with the average value of the period 1961-1990
and approximately 1 °C above the period 1850-
1900, Global average temperaturcs above the land.
surface indicate that the highest temperatures in
the history of observations were observed in 2015,
2005, 2007 and 2010 are comparable. The global
average emperature at the sea surface in 2015 was
equal to the record value for 2014, As a result of the
combination of high temperatures on the land and
sea surfaces, 2015 was a otal record year (NITS pri
RGP cKazgidromety, 2016).
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existng method: for calculting glacial runoffis performed.
The glacial runoff of the Tle Alstau rvers is caleulted for
apecific years of 3 long-term period by fwo methods: taking
into accout the rumof o ndividusl morphologica part: of
the glacier and withont dividing it into components (according
fo ablation formulzs). For specific years 19552013, glacial
rusoff i caleulated in 5ix options for ten bacins of the major
siver 3nd slong he zlops 2  whole,sccording tothe formula:
of different authors. The dynamics of glacial rusoff i
investigated. The trends of the further evolution o glciaton in
i area are revealed. Nesw dependences and formnizs are
proposed fo calculating the temperature coefficients of snow.
ndice melting. 22 wel 2 for dtermining the height o he fm.
e and the sblaion vae.
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LINTRODUCTION

The relevance of this work i detemined by the need for frther
sesesech of elscial rnoff I smed at improving existing 3nd.
developing ew methods for caleulsing slaial runoff o 3
‘modem bass, 25 well - evalusting and sruding the dynamics.
of glacial runoff of the ls Alstau rvers in the context of globsl
warming and glaciaton degradation.

1L MATERIAL RESEARCH METHODS

‘The resesxch was caried out on the example of the sorthern.
slope of the Ile Alstau. 3 typical mountainous reion of the
Northern Tien Shan. The representativeness of thi region 35 3
whole and the Kishi Almaty river basin in particalar was
diseussed by 1S. Sosedor (1], AF. Litovehenko [2], LP.
Mazur [3], EN. Vilsor, 1. Sosedor, K.G. Makarevich [4],
Konovalor V.G. nd Pimaskiza V. [5]
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The e Alatsu iz located deep in the mainland. The main
waterhed rde sesches 3 maimun beight of 5017 m 221
bere (Talgar pesk). The northern clope of the Te Alstsu
“vetches om the westerm waterzhed of the Usypkssgaly river
2 the west o the waterzhed of the Shiik rive in the sxst. I
geological and tectonic ters, the Tle Alstau belong: to the
‘Northern Tien Shan fold system. The characterisie features of
the climate ar continentality,its change with the height of the
area, and 3 significant ageravation of frontal processes. The
region’s ivers belong o the basin of the Il iver, which flows.
o Lake Balkazk

The research methodelogy is based on the geo-hydrologieal
method The water balance method was slzo wdely wed. For
claifying existing aud developing new caleulation methods,
the study wsed the method: of physical and mathematical
‘modeling, hydrological analogy, interpolation, exzpolation,
Snd mathemates] anctics.

The din on water rumoff dwough 2015, when fom
ydrologial yesrbooks snd cadtrl publicstion: for g3uging
ver sections, wss used. The specific water conteat of the.
region’s ivers varies rom 1 5-4 I(s-km) ataltitudes of 1 S00-
1,600 mt030-33.5 (s ko) at altitudes of3.200-3,600 m. The
reatect watr content i peculia to the cental part ofthe ridge
 the Kishi Almaty nver basin, and the smallest — o the iver
of it western and eastern parts. The variation coefficient of
the anmual runoff(C) of the ivers of his region range within
013105,

Precipitaion on the temitory of the Tle Alaau i mainly
measured by Tretyakov's precipitaion_ gauges with peal
‘protection 2nd OSK.2 2nd M-70 ot precpittion gauges. The.
centil bighest part ofthe ridze i charscterized by the greatest
amount of precipitation, whil t the e2t and swest the amount
of prcipitation decrezses.

Modern glacition on the northern slope of the s Alstu is
Iocated btwreen 76716 snd 78°00'E. The fistriver in he west
with glacier nowichment iz the Usyskargaly river. The
Shamalgan, Kaskelen, Aksai, Kich and Ulken Almaty, Talgar,
Yesik 2nd Turgen rivers low to he east of the Uzyskargaly
ves. According to the data given in [6], 441 glaciers were
registered on the northern <lope of the Te Alsta in 2008, with.
2 tofa open area o 17196k, an ice volume of 6 897 k', 2
moraine area of 9163 ks d 2 buried e volume of 1723
km’.For comparison n the Catalog [10] for 1955, 307 glacers
were recorded with 3 tofl open area of 267.3 ku’ and an ice
volume of 11 340 k.

To study the changes in mountain-glacier ystems, geographic
information systems and Earth remote semsing dafa are
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cumendly used. Glacier monitoring has als0 been developed,
which can be considared the main stage of the glaciologicsl
Sorecazt [6]

In 1955, EN. Vilesov snd R.V. Khonin compiled the fit
Catslog of Glacir: o th sorthern -lops of the s Alstsu [10]
The Lzt Caslog for thie resion was compiled by IN.
Shesterova and AL Kokarev by 2013, on the basis of new
areas racorded for 2005. Changes i the laciston area for the.
period fom 1955 to 2008, excluding Fernau stage meraines,
are given i Table 1. The highest rates of degradation are

bservedin the basns ofthe Shamalgansiver (1.0 % yea) snd
fhe Ulken Almaty rive (0.94 %/year). The lowestrates were
‘noted in the basias of the Aksai river (0.63 %/year) and the
Yesk siver (0.66 %'vean) (6. 111.

Cunenty, glacirs occupy only the uppermost sections of
valley: 20d mountin slopes. Glaciaion arezs wre located
‘mainly inthe hlght range of 3,600-4,200 m. About 40% ofthe
slaciaion areais occupied by most maseive valley and ettle-
ol glaciers

Table 1. Changes in the open a1 of laciersofthe morther -lope ofthe Tle Alatsu for the perod 1955-2008 [6]

Ak “res change

Riverbasin Ty ®

1955 | 1974 [ 1978 [ 1990 | 2008 ¥ | kmiperiod | suiperod [ssvear

[UzeKemly | 139 [ 113 | 105 [ 99 | 78 [009 | =77 B I
Shamalgan 36 [ 31 [ 22 [ 1s [ 13 [oo| 1% =7 [ Los [aen
[Eaeten T55 | 139 [ 129 [ 101 | 57 [0 ] 540 A
E= T55 [ 135 [ 15 [ 100 | 55 [0 | =77 I
[Karsgalizks 39 [ 32 [ 29 [2s [ 23 [om | 1 59 [ 074 [ 0947
[Ulken Almaty | 339 [ 272 [ 353 [ 210 | 174 [ 03| 696 | 50 | 094 [osm
[k Ay 55 [ 74 [ 81 [ &5 [ 57 [o07| a1 I G
Talear To5| 936 [ 890 [ 507 [ @74 [Gsa | @55 | w0 [ 675 |08
ek R T N N N I A A
Tugen 357 | 310 [ 385 [ 260 [ 205 |09 | I537 | 43 | 0810996
Toul 2573 [ 2851 [ 291 [ 2047 [ 1719 [ 220 | Tieg0 | a1 [ 077|098

The first data on the magnitude of glacal runoff i the Tie
Alaten were obiained by the KazUGMS in 193741 [12]. A
detaled study of glacil rumoff during the Internasonal
Hydrologicsl Ve, the Intemations] Hydsologicsl Decade
(1965-1974) sndin subsequent years was priananly caied out

a the Central Tusulsu glacier, i the Kishi Almty river basin
11314

The Tuyukon glacer is epresentasive of the norther slope of
the e Alstau,since it has hypsometrc, morpbometric (Fig. 1),
exposuse snd otherindicatos cloze tothe average for the rdze.

|asod =

o Kishi Almaty

o 05 1

Ls

2 25 3 Fkm?

Fis. 1. Cobined distbution gxaph of the glaistin res of the Kicki Almaty sver and the Tuyuken glcier 2 of 1990 [15]

a2
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‘The Tuyuksu glacier is the most studied in Kazakhstan and.
Gental Acis 50d i one of the ten most srudied glaciers on.
Futh.

‘Giseial rusoff i diffilt to be datermined due to the sck of
unity in he intepretation of the oncept of “glacial usoff” [4],
[14], [16:21]. Our sudies [3, 15, 22] wed the mathodology
described in [4] with some refnements to evaluate ghcial
rmoff

The caleulation method according to empirical and semi-
empirical_formulas, wing vanows bydrometeorological
harscteisie: (sverage summer S temperstue, precipition.
etc) [15], 3 well 2 mathemmatical modeling methods [23-27]
are 2 woed o cslelte glacial unoft.

To determine glacial runoff fom individual morphological
parts of the glacial zone, it i 3dvisabl to apply the method.
developed by the Academy of Seiences of the Kazakh SS [4],
it some refinements given in [14, 22], wing the sums of
positive sverage daily aiftemperatures 2nd femperature meling
cosficients

The total runoff from the glacial zome (3) according to the
indicated method as the following values: ranoff rom meling
seasonal smow in the fongues of glaciers (s) and fonal
moraines (m); runoff fom melting now and fm in the
‘accumston area of gaciers () runoff Som melting ice n the.
fongues of glaciers () and Fontal moraines (d); runoff from.
ubglacial meling on the lower surfaces of glacirs 2), e

yefrmeitice o

According to 1. Sosedov [1].the eror i caleulaing lacial
uzoffby formula (1) ranges within 14-20%.

To calelate the sblaton of glaciers and elscial mnoft it iz
essential o comrctly determine the vertical gradients of air
femperature with increzsng teran. height, 35 well 3 the.
temperstus cosfiient: of znow meling (C.. ice (C) md
mixed melting (C.u), mdeg -dsy. The temparature eradientz
of the southern and. western exposures are 6.7% higher than.
hose fo the slopes o the sorthern and easter exposares [15]

‘The temperature meltng coefficients C, C, 20d Couy were also
imvestigated. It s quite clearly seen that he averaged values of

a1

€, €. 2nd Cy depend on terain height 26 28] The equation
of e obtained dependence for C, kas the form:

00SE132 @

where Hi errain height, m. The equation i justified by actual
ata in the beight range of 3.600-4.200 m 251

The equaton for determining C, i 35 followss:
G174

where His teran beight, k. The equation is justiied by
actual datain the heightrange of 344 1 km 2.+ The ertorin.
the calulation of C, was =16% [25]

Of great importance for determising ablaton and runoff from
he elacial zone 12 the determinston of he heighe of the fim.
line, which acts 2 the equiibrium line and separates the
‘nowrishment and melting regions of glaciers. The height of the
5 ine can b evalusted fom the data on glacie meling, fom
aerial photographs and satelite images, 25 well 2 from direct
Sheervations of it beight

‘Bced on svailible abservational materisl on the height of the
£ line i the lacial zone of the Kishi Almaty river 2nd NN,
Palgov's concept of the formula [12, 9] L P. Mazur proposed
several formls for caleulting the beight of the fim lioe for
specific years [3, 26 28, 28 30]. The formula proposed i [28
30] was refined wsing more extensive fictual matenal on the
gt of the im line. The refined version of the formula has
the following form:

@

2 @
where F is the height of the firm line for 2 partcular year, m.
321 At s the devistion Som the nomm of the s femperstuze
average for VLVIIL at the Mynshilli weather staton for 2
particalar year, i °C; Ax i the deviation from the o of
precpitation. 1o mm fo the period fom September of the.
revious yesrto August of the curent yess 3t the o westher
Staion. The sversge caleulsion sror by formuls (9 12 225 2.

Fig. 2 shows the combined long-term course of the height of
the fim line in the glacial one of the Kishi Almaty rive basin,
anmal (September-August) precipiction and summer air
temperstue (veraze for Jume-Augut) 3t the Mymshilki
westher staion.

500+ 704t - 0,568
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1t hould be noted that using the method [4],earlie,for he it
e, we obtained come extensive calewlion matenal o
elacial runoff fo specfic years in the major river basins ofthe
‘orther slope of the e Alstew: £= 14%: S = 37%; m= 13%:1
= 35%; d = 1%, 2nd the toal mean ammual volume of ghcial
rusoff amounted to 263 million m* [3]. When performing.
caleulations for the period 1961-1958, with minor changes in
the calelation procedure, the following dta were obainad: £
=15%; 5 =35% m=14%;1=35%: d= 1% and thetotal mean.
‘ammual volume of glacial rnoff wa: 274 millon m* 25].

‘The semi-empirical caleulation method of AN. Krenke and.
V.G Rhodakov has become wadsly adopted [31]. As the main.
argument in caleulatng anmual sblaion, they ook the average
air temperature over the glacer for 3 summer menths (June-
August). The caleuation formla

Fe - ®
ehere A, the totsl smmual sblsion of snow and ice, mm: ¢
S g 15 the average airtemperature for June- August at the
caleulated heightlevel.
Formuls (5) has 2 global extent. The average emor in
determining the tofal anmual sblation based on formula (5) in.
e norher slope of the Tle Alatan sccordng to our

caleulatons is =35 3% Therefore, we have derived 3 regional
Sorml for the e Alstaw:

ey [C)

where A is the tofal anmual sblaton, mm, 3t the caleulated.
eight levl 5 the air temperature average for VL-VIII at his.
level “C 3,281,

m

IV. RESULTS AND DISCUSSION.

Ou studies of lacial runoff began dusing the Internstionsl
Hiydrological Year (1957-1959) and contizue o this day. Since
here are o sctual dsta on the messurements of lacial unoff.
i order to evahuste the methods recommended for it
callatons,they were thoroughly analyzed 3, 13, 2, 301
Empirical and semiempirical formulas for _sblation
calclations began o be applied more widly, which was
caused by the ned fo calculae gacial runoff over long peiods.
o evaluste it dynsmicsin e context of lsciation degradation
and to solve 2 mumber of prcticl problems in wing river
runoff.In the work of Vilesov EN. [32] lacial rusofffor 2
cpecific year i exch basin of e Te Alsau s calelated by the
fllowing formnla

Wem 107 Ak Fy ]
where A = (1, + 1183 is the sblain caleulated for 3 height
f3,500 m: i the verage summer s tempersture sbove the
Elacer at 3 height of 3,800 m: 107 i 2 coefficent that tkes
iato account 7% of liqud precipitation during the summer

‘period: 3,800 2.5 is th height coresponding to the aversge.
Tong-ter level of the snowlne on the macroscops 52 whals.

For the first time, sccording o the method [32], tking o
account glaciation degradation and changes in the maim
climatic factors, we calculted the glacial runoff of ten. major
rivers of the northern slope of the le Alatau for specific years
of the period 1953-2013 in six optins and considered the
dpnamics wing average glacial runoff values from these
eptions (311, [14], [15, 2. 30]

AN Erenke and V.G. Ehodakov s formulas:
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4=, 495} ©

A=133(;, +0.66) ®
4 5 the sverage temperature of hree summer months — June-
Hugust
EN. Vilsco and VX, Uvarov's formulas

4=, +100 ©

4 5 the sverage temperature of hree summer months — June-
Hugust

A=, +1183)° an

1 the average temperature of ive summer months — May-
September at heightof 3,800 m according o the Baltie ystem
of heights.

L Masur's formulas:
A4, =644 144 ®©

where sz i the erage femperature of three summer
month - Juse. Auguct,

4, =933 x146" ay
i the sverage temperatre of five summer monts — My
Seprember

To caleulate the volume of glacial runoft, one should find the
value of the glacier open areas for al the major rvr basias of

Wl
15007 ™

1600
1400
1200
1000
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the norther slope of the Tl Alstau in the period 19552013
‘The sblsion areasbetween theis values in the “veference” year:
(1955, 1975, 1990 and 2008) were calculated taking into
Sccount the sversge si temperstures in these perods nd the
‘modular ai temperatur coeficients for pecific years.

‘The annual sblation ayer was malipled by a fctor of LO7 to
fake into 2ccount the layer of liquid precipitaton that el in
summer. The average value of the tofl glacial runoff of the
rivers of the norther slope of the Il Alstau for six caleulion.
options waz 300.4 mallion . with n sverage deviston of the
data obtained for specific options of +8.2%.

The cleulation of iver rusoff for sach yesr of 3 multicyear
period (1955-013) & mportat. The actual data were
Summarized on average monthly and anmual water flow rates
for ten mver, avalible i e matenls of long-tem
bservations o the netwark of the RSE “Kashydromet”. The
work waz camisd ut on the reconsiucton of the sexes of
anmual runoff and runoff fo the growing sezcon of the major
siver. Tovo sttitical seies of he zume durston of 19552013
swere obiained: glacial runoff and river ranoff in gauging.
ydrometrc sectons, combined with temperature fucruations.
over three summer months, which are shown in Fg. 3

High-water years and periods for slacil runoff are accounted.
for by low-water yesr ofsiver runoffin gauging sectons. The
Seynchrony of Suctustions in th total gacial munoff and the
tota v rusofFis shown i Fig. 4.
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Fi. 4. Combined diffsrence integrl curve: of the modular coefficient ofthe toal glscil ranoffof the sivers of the sorthers.

lope of the ls Alstan for the period 19552013

A comparicon of the vohumes of glacial rumoff with snmisl  sorthers zlope of the Tle Alsta on sversge for 1955-2013 iz
rusoff and runofffor the growing season of the rvers of the  shown in Table 2

Table . Comparison o he vohumes f glcisl rnoff (W, s ') with ansea runof and enof frthe gowing seson fo the
oo rver b of e orers lopeofhe e Al an aversgefor e peod 1953 2013
o Fowre Temolvotme | Chelramivonme (vered)
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In the context ofthe entire glacial system o the northern slope
of the Tle Altau,according to ourdaf, glacial rnoff amousted.
10.22.5% of the foal snmual rumoff of he majorte ivers of the
region on sverage for the period 1953-2013 and 31.8% of the
total runoff of these rivers fo the roving sexcon.

1n 1955-1972, glacial runoff fuctuated around average values
over the enfire 58-year period. In the second period (1973
1990), despite the contnuing degradation of slaciation, glacial
usoffincressed. reaching its highest value in 1990 (ee Fig. 3
2nd Fig.4), which i due fo an ncrease i ai temperature and.
he sbltion ayer Since 1991, n increzce in the ablaion layer
it 3 further ineresce in 3 femperature could no longer
compensate fo the decrease i the area of glacier.

‘The lsciologicslforecss i a scientficaly bazed judgment on.
the stste 3nd development rends of elaciation n the nesr and.
distant future [32], 3], [34-38]. According to EN. Vilesov's
‘method of chionosnalogy [32], the glacier ofthe extie glcial
system of the northernslope of the Tl Alatzu will disappear by
2091,

In our studies, e wed data on fve reference points (1955,
1974, 1979, 1990, 20 2008) 20d data on area: obiained by
interpolaion befween reference points for all fen bains of e
major rivers of the northern slope of the e Alau. We
determined the dates of disappestance of glaciersin spacific
v basins of the region: Shamalgan — 2050; Ulken Almaty —
2065; Kargaliska — 2070; Usyakargaly, Kichi Almaty, Turgen.
22080; Aksai, Kaskelen 2085 Talgar - 2090; Yesik - 2097,
‘2nd n the entir glacial system of he northern slope of the ls
‘Alateuas 3 whole —by about 2100, These dates are spproximate.
‘2nd possibe i the Sbsence of significant climatic changes.

. CONCLUSIONS

The dymamics of glacial runoff is considered wsing the
caleulated data fo the period 19552013, The resuts can be.
applied in the practce of hydrological, meteorological, water
balance and water management caleulsions, the preparation of
hydrological forecats, the design of water management
structures, 25 well 25 the analysic of he conditions for the
formation of runoff and the implementation of various
theoretial studies for the mousteinous condiion: of the Tl
Aliteu The recommendstion: and conclusions obtsined a1
Physically justfied, therefore, can be weful in similar
Calenlations for other moustsinous region.

REFERENCES

[1] Sosedov I5. Methodology of temitorial water balance.
cenersizations in the mountaine. Alms-Ats, Nauks,
1976,

Litovchenko AF. Experimental study of the water
balince slements of mowstsin watersheds. Ky,
Vysheka sHkols, 1986,

Mazur LP. Analysis nd caleultion of the water blance
Slements of mountain satersheds (b the example of the

[¢]

6]

a5

orthern <lope of the Trane i Alstiw). The suthar’s
Shitractof doctoral dicseraton. Leningrad, 1989,

Vilezow EN, Sosedov IS, Mskirevich KG, Exparience in
fhe assessment of glacial iver runoff on the northem
lope o the Trans- Il Alaau. Bulletin of the Academy of
Scince: ofthe Kszakh SSR_ Alma-Ats, 1973: 11 (343):
2531

Kosovslov VG, Pimukizs NV. Sptisltemporsl
changes in water balance components on the northern
“lope ofthe Trsns-Is Alstaulce and Saowe. 2016: S6(4):
45371

Kokarev AL, Shesterova IN. Changes in the glscisl
systems of the nortbern slope of the TransTli Alateu ia
the Late 201h and ealy st centuries. Iee 20d Saow
W11:4:3946.

Mazur LP. Methodology of caleulaing river runoff in
the study of the wate balance of mountain watersheds
(by the example of the northem slope of the Trans I
Al Problem: of the integrated we of water
sesousces of the T Balkhazh basin. Alma-Ats, KazSU,
1985.

Mszur L2, On the stmctuse of the water balsnce of
‘monatsin water-heds f he northern -lope of the Traze-
Ti Alztau Problems: of the Geography of Kazakbitan.
Alma-Ats, KsaSU, 1975,

Chigrinets, AG. Hydrological and _environmental
Sesecement of sl sivers of the mountain-foothll zon.
of the Te Alatau and development of recommendations.
for their protecton. The author's abstract of doctoral
dszetation. Almaty, 2006.

The Catlog of Glaciers of the USSR. Volume 13, Iie
2. Part 1 Basins of he et butaries ofthe Tiriver from.
he mouth ofthe Rurty river fo the mouth of the Turgen
river. Leningrad, Gidrometeoizdat, 1967,

[11] Rokarex AL Monitorng of the glacial belt of the
‘sorther -lope of he s Alstan wsing -pace information
20d GIS. Bulletin of KazNU. Geographical series. 2009;
2052027,

[12] Palgov NN. Modern glaciation in the Trans i Alstau.
Alma-Ats, Academy of Sciences of the Kazakh SSR.
1955.

[13] Makarevich KG. Photo Atas of the le Alatau Glciers:
(Vorthern Tien Shan). Pictures of the 206 — early 21st
century. Almaty, 2012,

[14] Vilesov EN, Uraros UN. The evolution of modern
elscistion of the TransTi Alatu in the 20t cetuy.
Almary: Kazakh Universiy, 2001

[15] Mazur LP, Usaroy DV. Research of the lacial ranoffof
Gie Kibi Almaty mver (Malya Abmasaka)
Hydrometsorology sad Esology. 2013: 3: 112-130.

[16] Sehulz VL The rivers of Cental Asia. Leningrad:
Gidsometeoizdat, 1965,

“

51

G

m

s

©1

oy




image143.png
International Jousal of Enginsering Research snd Technslogy. ISSX 0974-3154, Volume 13, Nuzber 3 2020, pp. 419426
'© Totermstons] Resesach Publication House. bitp/ v iphoue.com.

[17] Scheglova OP. On 2 method for dtermining the height
ofa snow line ona glacier. Proceedings of SAGU. 195%;
13347

Abalyan TS. River ranoff forecast for the Chui basin.
Proceeding: of T-IP. 1958; 67: 11.16.

Konovalor VG. Caleulston snd forscat o the melting
glacies of Centrl Acia. Leningrad, Gidrometeoizdst,
175,

Semenor VA On water balsnce studies in Kssskluten.
Proceeding: on the problem of theory and methods of
Caleulatng the water balances of river basizs. 1970;
December 2-4: 242.251

Semenov VA Festues of the methodology and.
‘possibilty of wate balance calculation in the moustain
sive bacins of the and zone. Water balsnce studiez &2
Kozallotan, KaNIGMI Liwe 50 Moscomw,
Gudromateoizdat, 1973

Mazur LP, Osovekaya VP. On the methodelogy for
Calculatng runoff from the glacil zone on the northern
sope of the Tramsli Alitau Proceedings of
KaaNIGML 1976, 57- 126.153.

Rogov Yel, Kussainov AA, Guneayuk VV. Physical
‘models ofzolid mass and related processes in inferacion
it oundations. Jowsa] of Machamical
Research and Developments. 2015: 412): 65-74.

Rogov Ve, Gumenyuk UV, Rogov AYE. Aduptive
‘orking techaology of technogenic metal deposit at the
place of their bedding. Internaional Journal of Civil
‘Engincering and Technology. 2015: 90): 1831-1550.
ybak 00, Overvieww of methods for forscssing elscier
usoff under conditions of Iack of souce dita. Esrth
Sciences. 015; 12078): 34-41

Linsbaner A, Paul F, Hasberli W. Modeling glacier
hickness disribution and bed topography over entire
‘mountan ranges with GlabTop: Applcation of a st and
sobust spprosch. Jownsl of Geophysicsl Research.
2012:117: F0007.

Clatke G, Anlow FS, Jarosh AH. Iee Volume and
Subglacial Topography for Westers Canadian Glaciers
Som Mass Balance Fisld:, Thinning Rates, 10d 3 Bed
Stresz Model, Touml of Clmsat. 2013: 26: 4282-4303.

Mszur LP. Glscial rsoff csleulsion in the condifions
of the Trans T Alstan. Lisues of the bydsologiesl and
ydraulic regime of the rivers of Kazakhotan. Almaty:
Al Farabi Kazakh State Universiy, 1997,

[29] Palgov NN The fim line 25 an indicator of the
bydrological regime of glaciers. Thermal and water
regime of glaiers of Kazaklstan. Alma-Ata, Nauks.
1969,

[30] Mazur L?. On the caleultion of glcier slation in the
northern clope of the Tramslh Alaau Use and
protection of natural resousces of Kazaklotan. Alma-
A, KazGU, 1975.

s

s

o

e}

3]

5]

4

s

0]

o1

s

a2

[31] Rreske AN, Khodskov VG, On he elstonship berween
surface lacier meltng and air temperature. MGL 1966;
12:153-164

[52] Vilesov EN. Dynamics and curent sate of gaciaton of
e mowtsine of Kaakbtm Almsry, Kasskh
University, 2016.

[34] Sorg A, Bolch M, Stoffel M. Climate change impacts on
slaciers 2nd runoffin Tien Shan (Central Asia). Nature
Climte Change. 2012; 2: 725.731.

[55] Hiuea M, Hock & Global-sele bydsologicsl respone to
futue glacier mass loss. Nature Climate Change. 2015;
5:135-140.

[36] Barandun M, Huss M, Ussbaliev R Mol -decadal mase
‘alance series of thiee Kyrgye glaciers infered fiom
modelling comstained with repested_snow line
bervation. The Cryosphere. 2018; 12: 1899-1915.

[37] Huss M, Jouvet G, Farinott D. Futwe high-mountain
Bydrology: 2 new parameterization of glacer retreat.
Hiydrology and Earth System Scisnces. 2010; 14: $15-
9.

[38] Zivadin'S, Shash N, Levcherko T, Kudsibergenovs S.
Yesenovs G. Modeling of remltant effect: in
scsecoment of imovatve sctiity of the hotsl
orgamizstion. Enepreneuchip nd  Sustsissbility
Tooues. 2019: 64: 2180-2195,




image144.png
‘OHERTABHICKATHAMSOBFETEIIE FOR INVENTION

mE oo

e et ok o
] mmm_.mmmmm A s

e e ot

B ——
e e e e, S e e R s
P st o it

i S e o e R o o Mo 5 s o o 84 08

ey m»mamk:‘mx

0'0/ e

e e —
o e f e P S





image145.png
REPUBLIC OF KAZAKHSTAN
MATEHT
PATENT

~am

‘OHEPTABLCKA /A HSOBPETENIE [FOR INVENTION

i S W





image7.jpeg




image8.jpeg




image9.jpeg




image10.jpeg




image11.png
My, aleror”

400

350

300

2.0

200

150

100

50

00

0 0 100 1500 2000 200 3000 3500 4000
 Baclum = Mexsaccein. 4 BacoTypren  BsccEom, Tanrsp
* BaccKavemx ¢ BsocKimmAmans ¢ Sace. Kypre —3amamocr.

Bsmnamoors V. ——dmicmomra | ——dasucwicerl  ——3sucwocrs




image12.png
Q, cron.cpe. ME/c

160

150

0037 + 1,2068

130

120

110

100

090

[Decamunerun

51029007
eToz000z
Ttoz:2002
5000002
008661
S00z:366T
£00z-086T
To0z 2661
68610661
Le6T886T
S661-986T
e661486T
Te6T-Z86T
68610861
LosTaLT
ss6LaL6
es6T0L6T
T86LLL6T
sL6T0L6T
LsTs96T
steT-996T
eL6T096T
1612967
69610961
19618561
ss6T-956T
£961-0561
Te6T-ZS6T
65610561
LseTansT
ss6LovsT
Es6TovT
TserTvs
6v6TOnST
LosTsEsT

080




image13.png
Qeon.cpean, w/c

260

240

220

200

00124+ 1,268

ye

180

160

140

Becmwersn

120

100

1009007
Etoz:0002
Ttoz:2002
60020007
Lo0z8seT
S00z:366T
£00z:056T
T00z:266T
66670651
Ls6T86T
Se61-986T
e66T-086T
Te6T-286T
68610861
s6T8L6T
ss6LaL6
es6T0L6T
Te6TLLET
sL6TOL6T
wusTaseT
steT-a96T
eL6T096T
TsTT96T
69610961
196T856T
S961-956T
£961-0561
19612561
65610561
Ls6TavsT
SseT-avsT
ES6TovT
TSTTHST
6r6TOnsT
rsacsT




image14.png
stoz:900z
€T0z000z
Trozz00z
50020002
Lo0zs86T
50079661
£007:066T
To0z266T
66670651
Ls6T86T
Se61-986T
e661486T
Te6TZ86T
6860861
esTaLsT
se6T-aL6T
es6L0L6T
Te6TLLET
sLsTOL6T
wsTaseT
steT-996T
eL6T496T
61296
69610361
Lo6T8SET
S961-956T
£961-0561
19612561
65610561
LseTansT
SseTovsT
Es6TovsT
Ts6LTve
6v6T0PST
rsTacsT

Recmunersn

0,003+ 05244

ye

Qeon.cpean, w/c

050

o085
080
075
070
065
060
055
050
05
040




image15.emf

image16.emf

image17.emf

image18.emf

image19.emf

image20.png
®

Volume 2 ssue 1 Jamuary 2018

ACTA SCIENTIFIC AGRICULTURE.

Prospecave Survey

Changing of the Climate:

Oleg Halidullint, Nurusher M 7h and Duskaev KK

Academiciaof e RassionFderson LAN Kz ol Unvrsiy s
SCarrsponding Author: Olg Hldlin,Ecolgy rofesa, Aeademicia ftheFassiaFderasion LA Kazah Nasina Unersy

Rua
Received:December 22 2017, Published: sy 11,2018

Adaprasont imae chane means ity ofmankind it
sl disastars, approacingcatzsoophe. A erson, mapte il
atape o changin condiions bt i th s o e ng s
‘e Long bsence of precipicasion las s esrsfaion
of i 20 exincson of b, wel s e o and.
oo todine

The ahors of e Lrg-sede sy, published i the fourmal.
Lance,varntat i the i che fquency ofsch s wil
contine t g nd th damge from gt hricanesaxd
ot il e vy e Acoding  the esimates g
2 he s, o cheperiod fFom 2010 0 2016 the regueny of
S —— A
v e rcorted anthe lant i 2046 A imporat
o i th ham  he helh o h popalaion Exreme mani.
esatons f i hange affec the pread of fecins eose
peopleinresed i poliion andrdacebor roduciy 1

s frl s o b contin 20 o of sndergind
il 2] whic, geterichplaes and s, ros
s waes reuming  the amsphere o the orm o .
specil srucure o sled s, exsporation o precpizs na
‘moderte enngh dose The mechanc of the waer e dewl.

Themaniok 63%of it and omtheland o rblland reser-
o, Ll aphad reas o s 2o oads,and s
oitas desope it ety 3] Werumed e waterntos
woring e, foring it ot the s, carywarmsh,
@ s and ey everycing tha ¢ s rom the e, 0 the
a andthe asphale Technogeneproceses assoited withwazr
- pumps rines, petines, s vl s eaing chemid il
e any cherences - change s el scre, okames of

Suchvers ca sy bemagiedif v menaly sumarize vhat
paseshrongh the e lade of islecic pvwer s
of the whol i, al e pipeties. T i, you can add -
retohe i sckod upy e engioes compressors 2nd iy
ot

Contimtion that th wer has 2 suctr,ad it s do-
penting o th s o . hreis oo researe, o emple:
Vatim DERUTHINSKY oabica nevspaper”Sere Research .
16 2008 Undoubeaty ap vaer . . I¢ s b erpermn.
il proved hat wte i 50 2 e orgaiig tem (Ao,
Gibora, 1952 5. Inthecirlaion o watr trgh he 2o
sphere 22 s £ undergoes 2 cerin e of Tansormason.
Chngesoecring i thewater 5 3 resl of etrnd ences
sre e m .

i s thst vt e 3 gyl o chemicl
. The uession ofthe “memory” of vater is exremely -
aresting The first st elaed o Tformasieness”of wter
were caiod ot by Dryagnand Curaes (1971 The sy
[ = —
e 6 nd drin eleclyss hrough he Bl udeopare
sz exmined by Mioenko (1562 and ey 1567 [, S
i of changes in the specrum of naoral water 2 2 fncion of
i e been caied st (v, 1995 I modern -
ence,the quesion of b long nformaion i reined by e
molecies i dehaable, On e aher b, water b b o
excpsonlproperies i allw 0 Sore and e lr-
o s arei ofanecemal sl r el ipaccfc
R

Basedonhes st posble o prlog odgnens and
e hat such aters caey ormationwih evporaion nd
oo clowds o 5. parofthe i hreaeahays vter vapors,
they st the cynders of vorking icemal combsion
engies, compresor, fumace,wherethey arehesad by -
et f degees, ar ischarged e the asphere i 3 -
fored sucae o many mchariss aethere i the world?
Especly werm s he i he s, rough i reily
run aiers it rinead s ngioes.Thesame vl of
b marinsips whose eniaes bor mos i o he swice
ofhe oeas, loomaies f by around e lock. In i
i a person develos geaes for doaningrods an sqares
s —

roton g e L hangng o s e g1 (18, 012




image21.png
.

5 s el b e s of s s, T
e 50 evapors,carmying he desroed srcare o he s
Ieisnotkzonm what happes o hepirsofwatersof hedeszored
Scre i the o, bt s asumd tha s subsance de-
Smoped the mecari o naowal amespherc hepomens -
[P ——
ichnew el mcresing b, oo, ncessig he
produciiy ofal s o rocucion.Thres 2 esearc f s
recion.Tis s the pues: assumpson hat reqiesproot. But
he et raialeaporion, rsin olumes and speedf
‘morer beoen the 2anasphareathe arh e  atinde.
i o (]t Sioc the beginning of e 20°cenny a-
g o UN sxpets the s nCO, s s o 05
5% pr e £ sl avertheathded years, 400 il
o of arbon e e been spplied by combustanf el o
heasmsphene [5), vy e peope ercably ke fom i
e and ke s 2000 i Klometers. Fesh v which s
St 5% o th works e v Al e 1 i
e s 10003 1000x 1000 - 000000000 r £ il .
Ml by 2000 and g 2 il e metars. m. o 2 s of
[ —
5 muh ¢ s i the amosphere. Theretre 400 bl s
o0, 100 ears or 4 i tos peryars 02 prctin the
compsiion of evporssion i esezny o dd 0 s even e
sobumes ofaazal o s emained 100632 37% Perhaps
s prcencage i geing v smal. 5 oaimed b efrence
a [10:The Eara'samosphere s arge eent 2 producs
o ring orgmisms. The spprosinatscomposiion o he Eards
somosphere. 78085 nizogen, 2095% cxygen 2 e amans
of e vpor (serage sbot 1), 0335 argon, 0035% cabon
st smal anount o ptrogen bl ot o gses
ol Ths s " veage o abos 15 o aolte
iure and needs carifcion.Acording  he crbon Goid 5,
£ calelted ad darmied: rom 003  02% The same
Suties an xsparation ae reqred A the vater e ok vy
5 mos: imporcane Ik, he fcin - he Tanformaion n the
[ ————
sl sl ansformations. Braporain o e rom -
Pl s geneoom e el and dryngdhes s sl
eraporaion Thy are no providedfr by are A any change
m quanity lads 3 new iy the o of cu of e ks
i the vt el n bl sl s e o natua isastr, the
sy nd rqency o which ncwsases everyyear and s o
he complc desrucion o e n the plaet. And & the desre.
o, has ey bgun 11, et st tht mary spcis of
Plars, aimls,bids and isecs dsppear Fom the e ofour
Plane 100D e s hn the e This eas it
lose 1010 130 seces ey ay (12, The sorsclsted the
econoni damage amowed seven lin dolars The e
cameto el conciusions by nayin she itaon 3 thousand -
[ S —————
[T ————————

g cimae can ol he agry of the planet for 3 dg e
erentoradecde, The S apaint carbon i e ranstion
D ———
oecesay b o madequte mears oo ke the more-
e ofa sy boet ith pssenger bl o in A ol
e bt ncsssing Wit s b of e ndl 3t
v fres, a e resrsis a e el 65 ncesary
derstand 2 scept the dosure of e e resove e
e ity of isorical el segulion. T eation of waer
e shouk erom rgnic vors ut ot rom il s
“Th ohames o il ames e hgeand grow evryday and
gt e, Conmpre that it evaportes fse - vt fom -
Pl or o he s o pour ve the bcke a0 . The
properesof water hav ot b s Water i 0t .
i ———————————
oking resgen Every T oecur o various pars o he
S ——
asingledan ofansormasons Unrocesed vt epecedy
g e th shorwned crulion - anomalots e shows
s ko s e qulies. Gaherig i hge douds, 15
gt ith phoons, s, mrms,pouring out masslspe.
‘aptasions cvehlninghe v, ooking for 20 2y ot
e s reses e aospheric hesomen. o vhich the
et 2 cinace s ormed T the e soure of -
pogecmpac on th cimat s sl vaponssson D
iy, e gty s pased et e qualy: a ew -
spheric envorment, wprecedenad peoperdes. Cncenared
{0 dropes,ad foring mpermesbe v ayers of essed
‘omes, ockhecachange of nergybewesnthecosmos aod
e arth hange h it acorcin 0 an mkmonn Agrithn.
rgens s nd avidnceo o roposed disction ar el
8.0 thei s s ropesd o drelop anew glotal o
ey md i o rechink he i popution of he lnet.
[ —————
habitactorourofpeig we masbeginow restre e naural
raporaion o plaes ad s e bass fthe uivere,

T ——
1t necesary 1o complealy revse the swaugy for the
devopmes o the decric power sy, A complte
an on the design nd consucion of rew dam power
sations with the fooding of rrerine ares. gl
i the i ofcron e, mary e
ar dsigring and biing many nw Byoslcic pover
‘ations with the foodig of vt are. Th frer
creases aifcil eapaion. The aging s of .
yirolcaic power sasons requie reconsrucion and
repi. Soong wter . sk g srbine bades
ey the wer o, Sdes 1+ et
i direcion, wich shoud reval he ffsnce of s
‘racores on eapraion.

o g i, L ot st At S g 11 (G019, 022




image22.png
.

+ Theosistng tamptoclecricpowerlas canbegradualy
comertad 1o nrgaic ones wichow the gemerzson of
A S ——

Tl saing of water conunption s necesany Revise ol
prodacion s vty proceses ith e ansfr o wter
consumpeon o> clse eyles. For example, why shiog
ot ot b produces he purt drining vt
Coraily ther are apporeanises t e wace war ere,
for exampe, e vasting.

+ Reconsrucson o agiore, Tansiion o non plowig,
arip imgaion orgaic aming e deveops deers,
roving vegeblsand s for g

« Terminasonof ol osaminaion ith il nd dumps
and reclamaion o exiting umps Creaioofronase
cxhoologis, i Sandnriancories.

+ Reducsonof vashingfeverying s washed nddried.
Thers s and et o devlop e methods o iy cening
ofojecs mdsutaces, o cample car claningf asphalt
pavemens ndrads.

« Outioor naping ofbuling ad swacores. The vl
androotofulding nd al sactures cabecoverd with
‘segeaion. There are s bouses nd sacures (14 4
e dircsion egecationca e vegeble and . So it
esch housecan provide s popiatin A 5 prodc.

« Gratul maston o undegound and mdervar
consucion sarengumchedesdlopmentofeesdresing
maling obesning afishd prodc- i can e o
ndergound in the waked ot saces I theseare e,
[EES i ————
exporad ot tce Iiis o thenalythe ished sl
ises ot sutace. s ranu hen ey s oupe.
A ypes o proucion s e lcated nderground. .
e everyting ke, dewn e dling Thare ey
et aess a0 e i mary g i Ther el
projectsof underwate and ndergound e Fo canple
[15] her are undergound grenhouse, where evry
5o green is grown. Bsed o the mateds of The ew.
ork Times, the moden i men of Amerca and Erope
are aeaty repaing ndergroumd housing ad viliges
ith svimning poos, cinemas aning s, ydoporis
gardens, e, Wl he -Mackineof T o shows
he sucre of e nder he g, i hich shre e
Pl arsle nd o s n the uace ofthe e

Oty gners mazaion i s drecsion ean resore e
eraporation and the il rulaion of vace,the s o the
e, Tis s healy way o reu  comboruablecince.OF
cours, ll i i no done ey g . B on reson-

e s, ity st radualy come o . And v iy
0 eave our ofSpring a noml ctiace, ol ez 0 &
e nauraldisaers The ypothess regures ro research.
Th ficaly ecogized sk o annreseincarbon -
A —— -
P ——-——
iy om e e e of st change nd s he
Goathof e n the pane s et cooparat e epers
ol seeheda andogaize a campagn g ogra O
RS ——

Bibliography

“Toe chimsteshok. vl v o Hext.

[SP———————

[ ———

WATERLIVING AXD DEAD:.

Memoryof vt a2 e it o Iring s Bioreo-

i

e frwaianarodzs)

gt gt and Olg Mosin. Oignof 1 nd Liing M-

<EinHotMinrdWier (2005).

& Tatancngthe greenhose ofctinthe s .

5. Manandmpirsphere:

ape—

51 25 et of il o th vege of e

12 “Eoomtedsconomi sz o sl st v the
patudedyears

12, IFORMOGRAD- 2015

P

s

54, “ntheinores an o il vith s el e pest oot

15, “Souning projcs ofthe wndrvater e of e e,

16 44 0OMIMES bout sl useaion eoceps e
roamencal developmens Pblic Sine and Hoderiy 3
08y 122150

Volume 2 Issve 1 anuary 2018
© Allrights are reerved by Oleg Halidullin. et al.

o g i, L ot st At S g 11 (G019, 022




image23.png
short Communication Advance

‘The Man and the Cycle of Water in Nature

Oleg Halidullin* and Duskaev KK

*Burasian Nattonal Universty named fier Guilev Researcher
Kazakhstan

“Candidate of Technical Scences, Kazakistan

Abstract

“Corresponding author
Ol Holdulln, Eursin Nationsl University named sfter Gunilev
Rescarcher, Kazabhstan, T 5701 711 52 15 E-mall: 71152 5 @mall o

‘Submited: 06 Mar 2018; Aceptod: 15 Mar 2018; Published: 26 Mar 2015

The paper presents a Ipothesis o the effect of articial fimes on the water cyclein nature and the climate of the
‘lobe. The contribution of atficial evaporation to the siructurs and comporents o the watar cycle is estimated.
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Dynamics of changing s temperature and preciptation in Almaty cty

(PosterPresentation)
Saniya Akhmetova, Kassym Duskaev.
(A Farabi Kazakh National University Kazakhstan)
Emait: saniya akhmetova20689@grmai.com

To date, ane of the serious problems o humanity is glbal climate change. Therefore, the sucy of
mult-year devations of temperature and preciitation i one of the current global problems. Long-
term temperature fuctuatons and ainfaldirectly afectthe rver stock and the hydrological model
i general In recent decades, the warming was shown 35 in 3 global scae, and throughout
Kazakhstan, An incresse in surface st temperature s also noticed in Almaty. Clmate change
inflences many naturl processes, including the hydrologeal model of rivers. Therefor, 1 is
important to identfy these changes and evauate regarding such characteristics of cimate s air
temperature and precptaton. Uneven distributon of precptation and variabilty of temperature in
Kazakhstan depend on a large extent of lttude and physcal and geographic hterogeneiy of the
Republic of Kasakhstan.For the past decade in the world, scentfc nerature widely dicussed the
problem of cimate change for some areas and fo the word. The atcle considers th feaures of the
temporal dstbuton of main cimatic characerstics (air temperature and. atmospheric
precipitston) i the city of Amaty fo 1915-2013, Average ar temperature inthe winter season was
observed i the 19251934 years and the greatest value in the 1985-2004 years. The number of
precipitaton depends on temperature. I he winer temperature rises, precptation il ncrese.
Precipitation fluctuated within 29,2 and 42,1 mm. I recent years, ai temperature and precipfation
Sgnfcantly incressed. I the spingtime, ther was an ncreas i the temperature and preciatio.
Th aversge temperatur in spring was evenly distributed to the 6th decades (9,599 °C), then
Increased a il inthe 7th decade (10,2 °C. Maximur values were 113 °C n 2005-2014 years, and
the minimum value was 9,3 ° C n the period 19851994 years. In his decade was observed the low
average temperature in March, April and May. Maximun ofprecptation inthe springtime was 104,2
I (19551964 years.. Minimum values were 77,3 mm in 1925-1834 years. As a resuht of
comparison of the average of the it decade with the averages of th following years,asignifiant
ncrease in temperature s notceable. Based on the mean values, the summer temperature
increased. In the course of ai temperature and atmospheri sediments were observed deviations.
For the past decade rinfall harply reduced. During the summer, the average temperature id not
change signficantly over a decade (21,7 - 22 °C) but only In the past decade, 2005.2014's
maximum temperature was 23,7 C. Average artemperature uring the summer in the period 1945
1954 years was 21,7 °C.The number of peciptaion was uneven. In the 1915-192¢ years, minmum
Valoe was 37,3, and the maximum value inthe 1995-2004 years was 507 . Because of the
ightemperature in the 2005-2014 years, the number of preciptation decreased. In many years
were observed fluctuations. In the 19451958 and 1955-1965 years of the ratio between the
temperature and preciotation was the opposte. During autumn, there were no_ sigificant
diferences In the time course of aversges air temperature and preciitation. The average
temperature changed from 5.7 °C (in the 4th decade) o 11,2 °C (or the past decade). Average
2
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rinfall anges from 36,8 mm 0 504 mm. After 1975-1984's ranfall decreased. Asessment of the
dstribution of ai temperature and preciptation for Almaty s 3 very important tak. Rehing on
‘average long term value and thels analsis, we can provide  rlsbe weathr foecast nthe future
Study ofmul-yearosclations temperature and precpitaton now s ne o e key global problens.

the fact that ths queston considered for decades, It continues to actvely discuss.
naton reasons for many years of changes In temperature and preciotation have » huge
ific and practcal vaue. As & s known, temperature and precitaton are those clmate
eters, on Whichdepends th rver stock
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Spatial-temporal analysis of the mudflow phenomena distribution
and ways of preventing and reducing their destructive effects in
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Pac. 2 Pacapezenemse cxyvacs mpoxoxnesus cerei mo ropans cacrewax Kasaxeraza 0 2015 v

Ha ocmose amama 32x0ROMepHOCTE: BPEMCHISIY PACTPEAETERT SOCCTIRORTEREE
1 sapernCTpMpoBAED AAFEED 0 Cenx BEEAERD, 70 %0 S0-X TOZOB MOCTOro CroTeTEX
‘ma6mozatocs T 10% m obmero xommectea. A ocrasimie 90% MpIXoITCA A mepHOX
19512015 . 9r0 obycaoRTemo b MosmEmHeN celeholl WTHEROCTH Ha Gome
U TIeCKIDS 3MEHeR, OCHOSEIIEN FOpHED I IpeTOpED pRfoRoE, 3 TAKE pAsEHTHEN
cncrens maGoReri. PesyTbTAT aRATINOD CHMTCTETLCTEYIOT © To, Tro GaceeHmt pax
Hize Anaray n Kerstcy ATatay SR8107c3 8 AOCTITOTHOR CTeNER CETEOMCHDIL.

Tommepxzennen morsmesms axmmmocm_cayxar wactoe mpomnemme
cenemstx moroxos ¢ 0-x rozoE npomToro croerna (prc. 3). Ecum ¢ mawara XX sexa 5 om0
‘accrmnerne mafmogaCs 1o 13 e, To Co BTOpO HOTOBHES SToro CTATETI 3T TCTO
‘AoomTo zo0 80 cymacs 32 xexaay.
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‘Hasmmas ¢ 50-x ronos mpomoro cronerns 3 Kasaxcrane, 3 ocoSemmocrs 5 ropmt
pationax e n Kersicy ATATay SOTSOTETICE IpOTIEOCETEEe CoopyReRIE PIsTITIOH
'KORCTpYRI, KOTOPEe TPEIMASMITATACD 11 3AIPAIMAN CeTEBOf MICCH B TOrATIER
‘cxopocTei cenessix noToxos (pic. 4). ~

TipoGaena samprrst O ceessos AmTerm MOTBILIACH TPAKTIMECKS OHOEPOMEIED ©
ATATON OCBOSHLS FOPHEDS eI OpISTS TeppITOpIE KasexCraia  OCTAeTCA B HOTHOCTSIO

pOTHEOCETeBTD  FFTpOTE HIFYeCKOro MOSKTHpORSETLE, pACIINper 308 TPATACECTD B
poNIIGHHOre  CTPOITETSCTEA, | CETSCROROMGICTRETIIOO MCHOTSORAIN  TepPATOp
Kaoaxcram.

‘B perpocnexmmron miane pemerme npotexs samms: oF cenei » Kasaxcrane — ro
HCTOpI TPOSKTOR MPOTHEOC=16SE MepOMpETI 0 SALTTe KOFKPETEEDs oGBexToR HCXOt
M GHTYIOMIEX HA MOMENT X COMMNEI NpOACTATEER 06 JCTOBMX M HPONECCEX
ceneopumporamm Jamma ox et oTIeTNCR XpymED: TeppmIopE Ha
ocRoRe FAROMIEAHOTS OTATA K pACTITpeRTRS A 0 TPpORe ceaeh OCYECTEACH
B ——

Tlepasie TpoerTe! OCHORSIEATICS 7a TpEACTAERIELE O Cee2Dk FOTORR KAk FRBOTEAY.
"RACHIIEREBX CABITEDS C SPOTPOBIHESX BOIOCCOPEATY WIOAel TPYRTON, SaTeM Eax
IRBOOE, © PACKQ TN COTHI Ky GoMETPOD B CeRYRIY, PATMEIEAIOIIX PYCTOES OTIORSHILL.
Koropste e yReETATICS yenexow. CoOTEETCTDeRRO STI TPRACTARTEHIR IERATACS X
‘IpeTTATseAie CHOCOSE! SATIETSI: JECOETIOPAITAS, TEPPICHPOBAAHE CEIOROE, EALTA B
I TN ST 000X SBSIOS EMCOTOR 0 3 X, Ypofcao omnoaeace-
comymomech. cenemmas s w xop o G chpmmer m
xamammmpozammowy pycry. Jlammelimme IpoeTN me moTymW  Motosmemsmme
et wena eseono cromsioem acer [Horoe, 1990: Meoey u.p. 2007

B 50:x rozax mpomtoro crozemx Kastxcrancane NpoeKmposmI HpexToRIT
‘coopyarms sapamsyIo woTHTy BapHBEEDS cocobon » yposmme Mezey = Gacceiime p. K
Amars. ozonemrrems ma p. Ecenrrai, obamonxy ee pycna. B cooTeTeramn ¢ mpoesTox
1960-1963 1r. mocrpoen Ecemraicnr zozozeiTens, obTMIORAND GeTORERGT mIRTRAT
§ye0 p. Ecenai (s mpeaenax ropota Amaarss). B 1964 £ npoesT miormm Gett AopaGoran
B meprox 19641966 5 Gacceiime p. Krmmn AmiaTst mocrpoert 4 crzosmmms MeTammecsars
ceneynomTe n rabmoRman WHoTHEA » yposime MsmmA, a Tasoke crpomEG poRocEpoc.
nosmonmom momTRaT: yposers 20Tt Moperoro oxepa. Hanpaziemmznm mpEman
1966-1967 r~. = ypommme Mezey 6svta cozama ocmopa yrmATSROH Kantemmo-RaGpocHol
mormms [Eceros u op., 1975]. Cenexpamumme » Meaey zomszo Geto obecnemms
sazepame cezeRoro naR0XA oecneemmoCTSI0 0,01 %.
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Pac4 Cenenazepmusasomze maorms: » e Anaay: 2) maorsma » Sace. p. Taneap; ) mromema Mezey
2 6ac.p. Kumm Ameams; 3) maorama s 6ac.p. Vases Amaams

Haymste mccaegopasius mponeceon ceedopAmpoBAEIER, B ToN THCTe SKCIepIMETH.
10 sexyeeTsemoNY BocpomReeRIED cene  ececTeRmA yeaoeey 5a lnaTrancxon
‘nomToRe, AT KapaKTepHCTIX ceneRsi noToRos 1921 roza ma p. Kinmm Amemst 1 1963
roma » Gaccelime p. Ecax mpuBem: & 25807y © Tou. w0  Hne Anamay mpeotmazasor me
~AROCOBOEe, a TPAREEANEHSE CETH BHCOROR IIOTROCTA. 970 IOTTBEpEIOCS 1973 .
KorA KATACTPOeCKa e FAHATSAORO TeReINCA ¢ oFsesont 3.8 . 18 [Birnozpados,
1976] Getx sazepxan ospencs coopyemaci mAOTIROR 3 ypouEme Mezey. Hovesesme
pexcTastemm o TPEPOTE cenell TOCTYATTO OCHORNHEN AT NEPECHOTPA TOTIOAOE
‘MpOEKTIpORAFIH0 HpOTIEOCeERS SATHED coopyAex [Nezat, 1956].

B nepuog 1975-1975 IT. paspabaTHEROTER CREMR CETESAIIITERER MepORpRATE: 278
ropem m mpearopses epprTope Hne m Kerstcy Amazay. O raasests mampasemmii
CTpATeri CeneNTATH CTAHOBITCS 3AJePRAIE Ceneh € MOMCHTED NACCHER. WOTHE &
OPHLES ZOTHERX I COSTAINE CHCTMR SAIepRIBIONIER [IOTISS  SATpYX MATSCk Gopis 3
ke CTASETEMpYIONE coopy e, B TpoNecce T PEMTIRATIEI XANERHO-HACPOCHAR
‘moTima » Gacceime p. K Amearss TocTaraer eicotst 150 . @ ekocTs cenexpasmmamma
YRemruzderca 20 12.6 AR, 1. B03BOTICE XETEAOCTORRAR TIOTHEA < OBIIEDM OGBENON
cenexpammma 14.5 1w 20 5 Gacceime p. Viken ATiar:, Hacsmias momima & Gaccefme
p. Eca (vocrs cenexpamuma 12 sewz. 1) [Baiiiordaes u op., 2007)

B macrommee spexs ma amamce [V (Kacenesmumay Havogerca 77 smmmssss
coopyxemi, » Tow Tacae: mpoTEBoceneeRcx mioTH — 21, cpe KoTopeEs 10 o caoe
amavEoCT G  neppoft amrTHOR moTRe » ypowne Medey. B apesare summmscx
€PeACTE O N2BOTKOR B CETEEA MOTOROR TAKe 36 THREHRA COOpY KERIE, CPEZH KOTOPEIX
CTabTmpoRARSe pyCa, 5070GOHHIE CTEHKS, G2peroyKpeIUIGRTI, SAHATSL, TOTKH, MG
HIKORANOPE TOTHESL COMPKERTIA PYCE PEK 1 TPYTHE OBBEITEL

Tlouaio TepeTICTeRHS: HOCTPORRD eme TETSS PAT MPOTIBOCEIERE. JUTIHE
CoopyRemmE KOTOpHe DepeTEN Ha SKCHTYATINTO AMOEHCTPTEEESN OPIAEM X
eI MpepRATIA Ba MecTa.

‘Ocosmas wacTe TocTpoesEE cCoopysemmi CHIPATA MOIOKITETHEYIO PO B
CHmIxeRII YmepSa TpH MPOXCEIEHIN CETEREIX HOTGKGE i FOTORA X EATIOTHERIIO RO
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ymumE w5 mamemeimes 3 CTAGHUSANEN CeTeRSN OSArOB TAEOBATOCE
cpomtemcmo xaceam mom B moamed macm omros Ansap. Kommors: G

o TpoSFa TTCTHRR, H0 CTPONTETSCTEO KACKAO8 B GBUT0 SBEPITERO 58 REAOCTATOTHOr
mscaposumns. B mcromee spens mommam Amap paspymeno ma 90%. a mormma
g S e —— < ——————
certamoe coopyseame Capricaik np cenesons morore 5 2013 roxy Gamo momocTaR0
paspymeno (pac. 5).

Toumeo mpeycoTpesmats: cxevaar samprs o cenessx maemni » Kasaxcerase
B g ros—
Cenelt TyTeM KORTPOTHPYEMOTO OTOPUEHERNA HPOPHEGOTACHELY. MOPEHHO-TeTRHKORE.
3ep. OBYCIPORCTEO 28AYAITORSEY KARATOR CTOKA 13 OBECTETERA GE3ONACHORD TP
GOTHIIER pACKOIOR WD 20 (TAYSeHMe KaNATA CTORA, yEpemTerme GoproB KamaTa,
JomTerne ecTecTReHRO CAMOOTMOCTEN Kasaa). B pe2yTSTATE NPOBOMIA IPRECHTHERED.

Boramssps  Gac. p. Ileex, N6 y aezwma MMaerogoi » Gacceie p. Kimm Amamst,
Kamcan » 6acceiime p. Koprac, Tackam 2 Gacceime p. Ocex. Nel Kanecsmmsa » Gaccelime
p. Tarap m apyrme.

'HATI e XATDITATHAC SIS MEACHEPHAD: CoOpy Remi Be CHEMAET OTACHOCT
et 73 TeppIITOpIE, PACTIOTOXeINAC ESITE CETEXAIBITHSE CoOpY &< JTH TEPPITTOPITE
KK GRITH, T 1 OCTRIOTCA CeneonacHana. 32655, OCOGENHO B IOCTEITE FO3B, MAGTOAETCE
meRchEECe ocpoenme seNeT:, Couamie MACEMTEN IIpios, O OTEIA,
RPACTPYETYPL 0 COOTRETCTESHRD HORKTIAET CTERERS PHCEA.

Cemn 5 ropex Hae m Hersicy ATamay HO TeHENCY MOTYT GOPMEORATIC -2
THHEROTO NOMCXGATOMNZ § B PeAVTBTATE NOPAEA MOPERHO-TETKOREN. 03P KIE.
‘MOBepTROCTHE MyTeN, TIX H 0 PEYIPITMOpRNSA KaHATAM CTORA. C 70- 008 TOIEIGro
CToeTHA RQTIECTE0 Cefeli FIIMATHACIO TEREINCA CYIECTARERO £03pOCIO, TIO MHEEIO
‘exoropstx azvopos [Mouatos u ., 1980; Crienarios uop. 1995; Agasosa, 1995] mpmammoi
oy MoTenTene xDGATa T 2eTpATAIIL TeRIROE B ESICOROTOpHEDS paior Hae m Ketsicy
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Pac. 6. Tloaropaexocr ceneasex mozoson rasmmamssoro resesaca » Hire x Mersey Amaray

Hamrane yrpost npopsisa 0%epa B PATe CTyTaeP SEGAEATO OTRETEE MEp IO
DIXEHIAES ONACHOCT Y TeM AKTHEHGFO EMETIATENSCTEA TETOBEEA B X0 COBSTIE.

B Kasaxcrase Depeste MOt 10 THKSIRIAIAS YTPO2E: TOpELBOR IPRTETAIKORED:
osep ommocaTca x ganay 1960 1r. JIo BACTORIIETD BpeMeHH SHIIOTHERD TPOHITINECKoE
cncpoee oroto 30 mpopumGenacmS: cep. Fabors Tosomnt AT TN
mxommmpoRams pearsmyio yrposy  xaractpodmmecr: nozcace,  sammm
Facenerme, oG3eRTS: XoAICTHONILA R TEPPTOpER OT STOrO TpeSESITAHO omACHOTO
‘mppogoro sanesas [Busaxodos, 2001

Cymecrayior Hecxomsxo Cliocobos GOpXHERE ECORGropesx osep [Kaceros,
2015]. Ocramosmics a RexoTopste m m:

1. Tloxaepasne ypoRmR 2075t & 02epe 52 6e30NACHAX OTMETKAX (OCHOBEOR MeTO,
‘mpmcemzesai s mocemme rog TY dascenesamry);

2. Tomaoe omopoacestte o3P0 KOTIORMIES, TyTeM: EpREY ATe TSRO OTEAT! 207
53 02epHOR KOTIORERS ¢ KOMOIIBHO SACOC0 i HOCHEAVIOTIErD PaspyTHermia IepeNEIT 03epa.
< mowomBIo mpea;

3. Tlpammyamresinoe samormsesme oseprHo KOTAOREES TPYETON, IYTens SacSs sacrs
‘nocnespich TeepaEn sTepERTON.

‘Ca 3708 CTPOTTSCTER TeperOpANEOTRE COOpY eI & OTIEX TOPESX PeE.
Tmxe mecer B cebe Aomo pacsa. [ICHCTETETSEO, Th OTIOTSNR IPMGPEL
TOCTpRpYIOIAe 7TOT MOMEET 5 AEpOROR MpUKTIE.

H 211 ropo ATITH HOCTPOSHEE MEKEHEPEC COOPYASHEN COTEHIIRCIO
oMmIeRca me mAmOTCR aCTOTHON TApANTICH, T KIX OFN PACCTETSEATCE EJ
SoaqefcTane ToTsEO TUBREE X MIAMATSEST cereil. OFRaxo 1887 . Tocte MomEOrO
aeunerpacesms (M=7.3) 5 cenepson cEnome 3ammmickoro ATaray SOSHIE MaccoRst CXOR
CeBCuOTeREEC. (OTSEID), Becsaa ST TI0 XapAKTepy ABACHEA X SCOROIIOTAERL
rpmexmvemmne noToka. OBseN GTITHES OOTIRA-OTOKOD NPRESITAN ASCATIR
20z 3. B Gaccedime p. Vixen Amarsr ms ee nesoro mpmora p. Tlpoxoguofi srpsancs
rpasgmoSt cenemogob moTox obbeow 10 60 o 3. Tex me ence, CTpomTD
AOTHES, CHOCOBHIE NEPEXBATHEAT COTH METTIOROR KYSONETPOR PHXTSIX OTIOReRI
273 sampSE £opOTA O CeficMOTeRERX canel B TOTSKD He pRENTHERD (RO X cemt
Moryr sommEYTh He TOTXO Ea OCHORENX pesay), HO TPEKTe BCETO, HEERTOTEO
KOROMIIECKS, TOCKOTEEY BOSMORIEH YIepd o 203IeHCTRIA CIMOTO JMTETPACEEEE
ree——————— - P A —————
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Tlo3mouy TpE HpOKTEpORINE NpOTEROCETEESIY MePONpERT YIHTHBQOTA He
TOTSKO MACHITAE! BOWORTSX KATaCTPOQ, X TOBTOPAEMOCT, HO TAKK® SKOROMITIECKAX
‘enecoobpamOCTS.

B macrommee spews seayTcs paGOT! D0 MpOKTHPOBINID CeTESAIEpAIBUIONI
ma0TiR 5a pesax Ascall, Yken ATMaTS! 3 paioRe YoTea p. Acall, BATATS IOTH 1O
pexomCTpysImE cenesaepamBaomel moTIE Metmauma pacnioxemiol ma oneeTze
3000 ¢ ¢ memet0 sanepars ceeBoro HOTOR B BHICOROTOpHO Some.

B nens mpemomspamemss n cmosemu ymepba o1 ceness maemui [V
«KascenesampeTay ocyIECTBTAETEA HeTSth KOMITER: MepONpHATIS B MeXCETeB e IpHOT.
B TepHOT STPOSEE X PASEATHR CeneBBX ABTEHAE, @ TKKe B HOCT-Cenesste. MommTopRRr
cenepopapyiom GaxTopos  Ceremsrx mremmi B Clyme X BosmmEOBemE:
OCYWCTTETCE  C  IOMONBO MEpHODIECHEY GSPONIVATESN H  EIEMI
CHEIHATIHpORASHSD: 06cTeT0BANI, A TACKE PEAIX HABTOTORIHE H2 NOCTOREX 1
spevenmo oTipHEISG: mocTax B CeneCmcIe NepHOT SKEHISTIHO MPOBGIETCE
TPOBSATIE  OGCISIOBNNA  EHCOROTODIS  TeppNTOPHN,  MOPEMHO-TETMEKOR.
KOMIIERCOB, KOMIPOTSHEDS MOPESEEDS 03ep  HYCTYIONIS KOTIOBE, CSTesss O%arce i
‘PHITBER, CeTeRI 2DE30B  PYCTA CeTEOMACHSX ek

e g —
APATEpHCTI: CeTeBOT0 IOTOR AYAIOTCS 3 HITEHCHQHKAIIE, 770 B IOCTEAee 2pesE
maserca o m ocaomR pabor [ (Kascenesamnrray. B xatecTe TpIEpa MOREO
prmecr pasors:, peaymmecs B mroTaRe MptRes 1 y Aezpma Mammyx Masieropofs
B eep———_———
‘ocoSermo KaCaOTITCR FATATESS cenedl
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ONEHKA MAKCHMATBHBIX PACXOJIOB BOJIEI PEK TOPOIA
ATMATED
Kmoucsvie r060: NOTHC PR, MANCENATSHC PACKOTH BOTSL, pOEa-
IHATOT, PACHISTHAIS HepHO, YPABHEHHE PETPeCCL, KpUBSIe O0LCHENeR-
B cmamee cobpans u  eoccmmicerons  omike  no
aRUNGTHOMY CMOXY por 2. dnviams. Bupa pacvemsail nepiod, no
Komopexy  cnpederews  MaKCuvaTWMG  PACTods  paameci
obecneveuiocmu & ucciedyeou  paiiowe. Ipouseedexa  oyenxa
MONHOCIIIL CMIGUCIYeCRIEY MGPANOMPOS NAECUNATLHOZ0 COa.

Beexene. Onpexeremie  axcmammor  croa  fopuuX i
B R pe——
OCBoEII FopmAD: TeppETGpI X HCTOTIIGDAIE DOZECK PeCyPOD KOPIAIS
pex A  yacsremmopemmi motpebmocTel  cemscxoro  xeicraa,
THIPOYICPIOTIN, TPOMMIICHIOCT, KOMMYIATHO GHTOBOTO XosECTIA
myas apyrEx orpacneh mapomoro XoMACTSA, 3 TARE NP DWSDIOREI
B A T ——
AT TpeGORIIE T NOBENTO TOTIOCT PACTETA MAKCIMATLILE PACKOTOD
oz

Topoa AT PACTOTOKeE: 3 MPEATOPLAX CEDEPHOFD CEIOMA XPeBTa
e Azatay ma Touyce BAOCa, KOTOPECE HOCTETRHHO TOHICKIRTSA C 10T 5
cenep. Cpemams autcommas omersa ropom oxeno 300 BC. Hecaeayenati
Palion B EToN XaPIKTEPEAYETCS HATITHEN OBOTHEO PAIBETRACROR FARpo-
Tpagmcckoi cem (pac 1), cocTotmelt 3 SCTECTREHHAY pex, I PYKaBOD, Ki-
RAT08 % R0OXPAFIIE, PazTHe TATPOTPA}I=CK CETE TOPOTA 0BYCHOS-

TKasHY me am-Papadn, r. Amuars, Kasascran
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B Co ¢ PACIIEPCRECIM TP FOPOTA VBCTIIHBICICE THCIO PEX X
BooToKoD, TpoTexaOmIT: Tepes Fopos, B Wcre Koropr pex Kemmn m V-
xem Amirs, Ancafl, Kaprams. a Tamxe mx npiross - Ecerrrali (Becrionxa),
Pevrscna, HKapbynax (Kaama), Kapacy. It Bce OB OTHOCATCR X Gacceiny
sauyzoro ctoxa cscpa Bexam. Tloce DMIAZEEISt G0THIOTD KOTIIECTOa
CATROB peIt HECTEAYEMOTO Paiiona TPEBPATSIOTER B GYPHEIE HOTORI ¢ pac-
X0TAN, 30 MIOFO P22 MPEBLITICIOMINI CPEANETOORiiE TATEII, IO MCKET
HPEDECTI X ROTACTPOQUTIRCKIIN TOCTEACTORNY, %K X THIpOTENEITIECKEX
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S, JCTOAMROCTS 7 GS0MACHOCTS COOPYASHHH. 0BASKTOR XOMCTRORIRIS,
[DACTIOTIOXEHHEI 0 GEPETaN ¥ B PYCIAX ek BOMPOCH TOBKIIERKE TOSHOCTH,
HATEAHOCTA # QQENTHBHOCTH PACIETOR MAXCHMATEKBIX PACKOICE BOTE! TP~
HBIX H TDEITOPHAIX DEX T ATINATH 33 CHET CTDOTOTO CTATHCTHYECKOTO AHATHIA
HCKOIRRIX NATEDHATOB — OIF3 3 AKIVATHEHIX JAT1 THIDONETOGECTETeHHR
11 YCTORAHEOTO pASRHTIA 3T0r0 KDYTHEHIET0 Neranoca Kasaxcraa.

‘Hlcxonmbte xamabte. JL1% OIPEIEIEHAR  PACET MAECHMATEHEX Dac-
B ——
110 IPOTOTHYECKHM OCTAN GacceRKa 03 BATKAIL BOTAIAN B COCTaB CTa-
‘monapmof cern PITL (KasuaponeD. ¢ Katala SACHIR NECTPYMCTGTSESS
aGnmoncanit 70 2015 FOTA. 3 TAKEC MFTCPKAIA HATYPHBX HIGTOACKIR, TPO-
‘o astopan 5 payka saumoanerm: rpara HPH APD3130805 «Oncrta
BT IpEpO: GaxTopos 1 xoswCTBCHOR ACTTEIHOCTE Ha CoCTORE
BOZHBLX OGBCKTOB YpOAHHSHPOBANHSIX TCPPHTOP (3 TpmNCPC T. ATiaTal)
[1-8]. Ha repprTpopmx ropoaa 3 HacTozmee spess BaxomTes 13 AcicTsyio-
e 1 20 33KpTERS TOCTOB.

Merost BeCae10BaBER. TS UICISEY0 POTS 5 PASHIME NCTOIOH
PACICTa MARCHNGTH A PACKCAO BOm cairpan ccacnosaks I A, Aerce-
csa. AT Bepamm. MA. Bemmarosa, 105, Brmorpazosa, K1 Bockpeces-
exoro, T T Kammoma, C.H. Kpmoro, M.®. Memxeaz, A A Coxozona, 211
Coxozoscoro. M.&. Condroro. A B. Poaccraccxaro, A H HeGorapesa.

Onemxa m mecczoBarme GopNTpOBAHA MANCHNATHENX PACKOTOD
suaurs pex Haciicxoro ATatay NpOBOIIICS PIoM aTOpoD B PavLLe TOTS
[9-12. 18-20]. 1o padoret Grumm mapamnert ma necnezopamx yeTont hop-
MEpoBamIR MaKCHNATITORD CToxa pess KImi ATHaTst 7 f HpHToRoD 5 M-
nest Tevemmn, o1 mEAmel rpamms r. ATNATI %0 yeTepofi TaCTH, KOTIE-
CTBeRIIA OUEKA TOBEPRHOCTSR 3OXIX PECYPCOB 5 COBPEMERREIX TPARIIAX
“TeppITIOPII £, ATNETHL SHISBIENHE 2AKOROMEPROCTER IINCHEIIE KIDATITIE-
€A XapaKTEpHCTIK, C60p CoeReR: © TIAPOMETEOPATONITECKo MY TeHHO-
1 1 X028HCTD eNOM HETOTLACHIIIN DOTM OBLEKTOD.

PaCTeT MAKCAMATUEIX PACKOI0R OB MPOSBOTATCE HA OCHOBE
B e —
MIECIMATED PACXOXBm BOB B HCCTEIyeMoM PIOHS TPOROMATCE €
navaa XX pexa (p. Kimm Amars: . Amamst, ¢ 1916 roza)
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Masmate, BocCTaRCRNERNIME 0 YPATKERIIO PETPECCH, MMEROT CACTE-
AMATIECKR MTRERNYi0 AHETEpCmO. CACTENATHRECKRE YMEHSTICRNE AMCTEp-
CHI ROCCTARORT X FAWNKIX ACKMIOTATACS ¢ TPMERERTEN HOPNYTS, TpH-
‘meAeHHO 2 [14]. EREACTAEM TOMPATEN & HOTOTITHSIE FHAHLS CTOKA, TOTy-
wemme o ypasAeAmo perpecerm

PACTeTHAE NAKCTMYNS OPSTETSIOTCR MO MITEpHATIM TATPOMETP-
SeCKNX RABTOACKA, 2 B YIS WX OTCYTCTRRS o PATTHTHRNN GOPNYTAM
TIADANETYE TAKWX QOPNYT DARORHDYROTCA  MDETOCTARTROTCS B BHTE Kapr it
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Tipexae west mprcTymIT: X TIEpOTOTIECKIDS pacTETaM O OTpERETE-

HIlio PACTETHAIY TEEPOTONIISCKX X3PAXTEPHCTH TPH OTCYTCTEN AAMEELX
TEIPOMETPITECKEX HIBTOICHN, To €CTH MPEAZE TEN OCYMECTENTS Tpo-
CTpamETReROR 0BOOEHE HEXOTHO [HTPONETEOPOTOTSECKCR HEQOPNATITH
2 MHOTOTETHI TIepOT, REOGXOTIMD MPOMTRECTH TUATETHAH AAAT e~
XOTHEX AARAX RAOTIOACHNA ITOT AFATL ATOTIET OERKY KITECTRA AC-
XOTHECX FARX, OUERKY CTYSANHNX T CHCTENATITIECKTX NOTpEIIAOCTef -
XX AR THApOMETEOPOTOTIRECKNY Ha6TOTR [15]. 370 ocobemmo
BAKHO IOTONY. 510 CAYHAREBIE TIOTPEIIROCTH HCXOTHNX TAHHHX KaGTioneRHft
OKIHRTOT RCTEMATIICCKOE RTENMS HA CTPEACTCHAE HOOPOTHNX Mapa-
METPOB (KOpQAIHERTE BAPHALHH, ACHMMETDHE W ABTOKOPPETSIINH MEALY
CHERHBIH STEHANH HCXOTHBIX DAIOB HADTOIEHHF) H PACIETHSIX KEGKTHACH
“




