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ABSTRACT
Report 103 p., 12 figures, 13 tables, 25 references, 3 appendices.    	 
WATER, RICE, TEMPERATURE, MINERALIZATION, YIELD, IRRIGATION NORM, WATER BALANCE, SALT BALANCE,  DISCHARGE-FREE IRRIGATION OF RICE
The study area is the rice irrigation system of the Akdala irrigation array, the rice-sowing cooperative of the "Birlik" Agrofarm and "Vladimir"farm 
The aim of the project is to increase the efficiency of water resources use in rice irrigation systems by reducing unjustified discharges and flow of water, to develop critical threshold indicators for temperature, salinity and pH of water in rice bays, where discharge and flow of water are made.
The scientific novelty of the project is the establishment of critical temperature, pH and mineralization threshold indicators for the composition of the water in rice bays at which discharge (change) of water is needed as well reducing unnecessary water discharges and increasing rice yields.
Main results. Within the 2018-2020 period the critical threshold indicators of the water layer to determine the discharge of water in rice bays have been studied. Experimental studies on the field have established that the maximum temperature of the water layer in rice bays is 28.3°-30.5°C during the germination period, when the surface of a rice bay is not shaded by rice plants. During booting, flooding, flowering, milky ripeness, the water temperature of rice bays is to be 24.6 - 27.4°C, these temperatures are below the threshold value of 350C and no water discharged from rice bays [1, 2, 3, 4, 5]. Mineralization and pH of the water layer in rice bays, of which the water filtration during the irrigation period is 9-12 mm per day, the water in the bays is renewed due to filtration flow, the salinity of the water layer does not exceed 951 mg/l, with an allowable 2,500 mg/l, the alkaline medium pH of the water layer in rice bays during the irrigation period is 7.4, within permitted 11.0 [6, 7, 8]. Water discharges from rice bays during the irrigation period were not carried out in terms of salinity and pH. The yield of rice in 2018 was 52.13 c/ha, in 2019 it was 71.0 c/ha, in 2020 - 57.3 c/ha, water consumption was 411 m3/c per centner of rice grain in 2018, in 2019 was 385 m3 /c, and in 2020 - 467 m3/c. On rice bays, where the water filtration during the irrigation period is supported by groundwater is 3-6 mm/day, the water salinity in rice bays increased and reached a critical toxicity threshold of 2,510 mg/l on 6 July and 2,560 mg/l on 8 August 2018, on 12 June 2019 it was 2,530 mg/l, on 30 June 2020 it reached for 2,675 mg/l. On the indicated dates, water was discharged from rice bays, followed by flooding with water from an irrigation canal. The rice yield from these bays in 2018 was 47.2 c/ha, 48.2 c/ha and 35.5 c/ha in 2019 and 2020 respectivly. Water consumption per centner of rice by years was 507, 525, 595 m3/c.
In the input part of the water balance, the water supply during the irrigation period to rice bays without water discharge is 24,727 m3/ha, with water discharge 23,299 m3/ha, groundwater inflow is 997 m3/ha and 1,724 m3/ha, respectively; in the use part: on rice bays without water discharge, the filtration flow is 10,157 m3/ha, on rice bays with water discharge 5,060 m3/ha, drainage runoff and groundwater outflow, respectively, 4,463 m3/ha and 4,917 m3/ha, waste flow from bays 1,700 m3/ha, total water consumption from rice bays 9,962 m3/ha. The salt regime of the soils in rice bays is formed according to the type of desalinization. On rice bays without water discharge, salt removal from the soils of the 1.8 m aeration zone is 33.54 t/ha, with water discharge of 46.14 t/ha.
Rice cultivation, taking into account the critical threshold indicators of the water layer in rice bays for temperature, pH and salinity of water, provides irrigation water savings of 4.5-5.0 thousand m3/ha, an increase in rice yield by 13-14 c/ha, profit per hectare by 30-40 thousand tenge, productivity of rice growing by 8-9%, comparing the data of the Birlik agricultural Farm and Vladimir farm, where the field research was conducted.
The implementation of the project contributes to reducing the cost of irrigation water in the Akdala rice system for rice growing by 44,260 thousand m3, increasing the rice yield by 14 thousand tons, improving the socio-economic and environmental situation in the river basins of rice-growing regions of Kazakhstan.
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GLOSSARY
In this report on research project, the following terms are used:
Rice irrigation system – a complex of interconnected structures and devices, ensuring the maintenance of the optimal water and salt regimes of soils to obtain high and sustainable yields of rice and related crops.
Rice bay – a primary element of the rice map and the irrigation system as a whole.
Irrigation (rice) map - an area occupied by rice crops and bounded along the perimeter by minor canals of the irrigation and drainage network
Rice hydromodule – a specific water supply per hectare of rice sowing.
Filtration - infiltration of water, which occurs mainly through the pores of the soil.
Water resources - reserves of surface and ground waters of the considered territory.
Water balance - the ratio of the inflow and outflow of water, taking into account changes in its reserves for the selected time interval for the object under consideration.
Water regime – a change over time of levels, costs and volumes of water in water bodies and soils.
Water intake - withdrawal of water from a river or reservoir for irrigation, watering, water supply, etc.
Water disposal (collector-waste runoff) - the amount of water discharged outside the irrigation system using engineering structures.
Water use during irrigation - water intake from an irrigation source, transportation and distribution between water users.
Drainage runoff - water filtered from canals and irrigated areas into the drainage network and flowing through it outside the irrigation system.
Irrigation regime - a combination of quantity, timing and rates of irrigation.
Crop rotation - scientifically based alternation of crops in time and on the territory or only in time.









SYMBOLS AND ABBREVIATIONS
In this research project the following terms are used with the corresponding symbols and abbreviations.
Q – overflow discharge
H – water layer on  overflow discharge
М - irrigation water supply volume
Р – amount of precipitation
Пг – inflow from groundwater to irrigation array
Е - total evaporation rate
F - filtration volume to the aeration zone
От – groundwater outflow
 S – balance discrepancy
S1 – initial supply of salts of the aeration zone
S2 – input of salts with irrigation water
S3 – intake of salts from groundwater
S4 – final supply of salts of the aeration zone
S5 – salt removal by filtration flow
S6 – removal of salts by drainage runoff
РОС – rice irrigation system
KZI – land use ratio
GOST – state standard
RGP – republican state enterprise
OPU – experimental plot
UGV – water-table
RK – Republic of kazakhstan
NIOKR – Research, development, and engineering 
KPD – efficiency 
NIU – research institution
NII – Research Institute
VHB – water economy balance





INTRODUCTION
Urgency of the research. Rice cultivation in Kazakhstan is constrained by a number of reasons, the main one is the increasing shortage of river water. For this reason, more than 60 thousand hectares of irrigated land are not used for rice growing in Kazakhstan every year, which leads to a decrease in rice yields and land degradation.
When rice is irrigated in the rice-growing zones of the Syr Darya, Ile, and Karatal river basins, the method of rice cultivation with water discharges from rice bays during the irrigation period, developed by local scientists in the 70s of the last century, is still practiced [9, 10]. With this method of rice irrigation, the irrigation rate is 28-32 thousand m3/ha, and the discharge flow from rice systems is 20-30% of the irrigation rate. Discharges and water flow are made from all rice bays. Discharges are made to reduce the salinity of water in rice bays, flow rate is applied to reduce the temperature. However, the need for discharges and flows is not justified. Establishing critical thresholds for salinity, pH, and water temperature of rice bays, at which there is a need to discharge water and add fresh water, is a highly relevant task which had been studied in 2018-2020 under this grant project.
The aim of the project is to increase the efficiency of water resources use in rice irrigation systems by reducing unjustified discharges and water flow, and to develop critical threshold indicators for temperature, salinity and pH of rice bay’s water, at which discharges and water replacement are justified.
The scientific novelty of the project is to establish critical threshold indicators for temperature, pH and salinity of rice bay water, at which it is necessary to discharge (change) water, and to reduce unnecessary water discharges and increase rice yields.
By 2018-2020 the research was conducted on Akdalinsky rice system on paddy fields of "Birlik" Agrofarm (2018) and the "Vladimir" farm (2019-2020).
According to the calendar plan of works for 2018-2020 approved by Ministry of Education and Science of the Repeblic of Kazakhstan the foolowing parameters have been studied on Akdalinsky rice system:
- critical threshold indicators of the water layer of rice bays for t0, mineralization, pH, frequency of water discharges from rice bays during the irrigation period;
- growth and development of rice plants, its yield when water is discharged from rice bays according to acceptable thresholds during the irrigation period,
- water and salt regime and balance of experimental plots when water is discharged from rice bays according to critical threshold indicators for temperature, pH and slainity during the irrigation period,
- efficiency of water and land resources use in rice cultivation, according to critical threshold indicators of the water level on rice bays during the irrigation period;
- development of recommendations for rice farmers and water management organizations to improve the efficiency of water resources use in rice irrigation systems.
During experimental studies on the fields of the rice irrigation systems of the Birlik agricultural Farm (2018) and the Vladimir farm (2019-2020) the temperature, salinity, and pH of the water layer, their critical thresholds that affect the growth and development of rice plants, and the need for water discharge were studied on rice bays during the irrigation period. The experimental studies have established that the temperature of water in rice bays during the irrigation period does not exceed 30.5°C that is below the threshold 350C when amount of oxygen in water and yield of rice reduces therefore, the water flow and discharges of water from rice fields during the irrigation period was not carried out [5]. With filtration of water layer of 9-12 mm/day during the irrigation period, the water salinity in them does not exceed 951 mg/l and pH 7.9, which is lower than the threshold values of 2,500 mg/l and pH≥11. Filtration during the irrigation period removal of salts and harmful compounds from the soil is ongoing, due to filtration water is replenished in rice bays. Water discharges from these bays were not made during the irrigation period, the rice yield on these bays is 52.13-71.0 C/ha, water consumption is 507-595 m3.
In rice bays with filtration runoff of 3-6 mm/day water layer, water salinity during the irrigation period reached a critical toxicity threshold of 2,500 mg/l. On rice bays with a filtration flow of 3-6 mm/day, ground water meets the water of the rice bay and due to convective diffusion, salts from the ground water move into the water layer of the rice bay, increasing its mineralization to the critical threshold of toxicity [6, 11]. Water was discharged from these bays, followed by flooding them with water from the irrigation canal. In subsequent periods of irrigation, the salinity of water in this bay increased, but did not reach the critical threshold of toxicity. The yield of rice on rice bays with water discharge is 35.5-48.2 C/ha, water consumption is 507-595 m3/d.
Looking at the the water balance of the rice field, water supply to rice bays without discharge is 24,727 m3/ha, in rice bays with discharge of water it comprises 23,290 m3/ha, the inflow of ground water during the irrigation period, respectively, 997 m3/ha and 1,724 m3/ha. In the use part, the filtration runoff in the irrigation period on rice bays without water discharge is 10,157 m3/ha, on rice bays with water discharge it is 5,060 m3/ha.
Looking at the salt balance, the salt intake with irrigation water and groundwater inflow in rice bays without water discharge is 14.97 t/ha, in rice bays with water discharge it shows 15.87 t/ha. The removal of salts from the aeration zone of soils 180cm for one year of rice cultivation is 33.54 t/ha on rice bays without water discharge, and 46.14 t/ha on rice bays with water discharge. When rice is cultivated, the salt regime and salt balance in the soils of the aeration zone are formed according to the principle of settlement in the autumn-winter period.
Looking at the rice cultivation, taking into account the critical threshold indicators of the water layer in rice bays for temperature, mineralization and pH of water, provides irrigation water savings of 4,500-5,000 m3/ha, an increase in rice yield by 13-14 C/ha, profit per hectare by 30-40 thousand tenge, productivity of rice growing by 8-9%, comparing the data of the Birlik agricultural Farm and Vladimir farm, where the research was conducted.
Project interim reports were compiled annually, with appendices containing field research materials. Reports are registered in NANTES.
Within the project fromework we have published 4 articles and recommendations titled “Improving the water use efficiency in rice irrigation systems of Akdalinskyi irrigation array” (see Appendices B and C):
All programme items of the project for the period 2018-2020 have been fully implemented, according to the calendar plan, approved by the Ministry of Education and Science of the Republic of Kazakhstan. The results of the project are presented in this report.
The project will encourage increasing the rice yield by 18%, reducing the rice irrigation rate by 20%,  and the water discharge from rice systems by 35%, improving the socio-economic and environmental situation in the river basins of rice-cultivating regions of Kazakhstan.
















MAJOR PART OF THE RESEARCH REPORT
1 Direction, object and methodology of the research

1.1 Direction of the research
Rice irrigation systems in Kazakhstan are located in the basins of the Syr Darya, Ile, Karatal rivers with continental hot dry climate, with complex soil and hydrogeological conditions of the aeration zone of 2.0–3.0 m. On the fields the rice is cultivated according to the recommendations of local scientists with water discharges from rice bays. It is recommended to flood the soil with a water layer of 8-10 cm after sowing of rice. With a chlorine ion content of 0.2-0.25 g/l, the water from the bay is discharged [9, 10]. Such discharges are recommended to be carried out 2-3 times, before the tillering phase. In subsequent periods, before the sweeping phase, water should be discharged from the bays up to 4-6 times. The scientist unreasonably recommend 6-9 discharges of water from rice bays during the irrigation period. According to this technology of rice irrigation, the discharge volume is 5.3-6.5 thousand m3/ha.
In rice-growing cooperatives and farms, when cultivating rice, rice growers explain the need for periodic discharges of water from rice bays during the irrigation period by increasing the temperature, mineralization and pH of water, which affect the decrease in rice yield.
The disadvantages of this method of rice cultivation are that water discharges from rice bays do not take into account the thresholds for temperature, mineralization and pH of rice bays water, at which there is a decrease in rice yield [15, 16]. Water discharges from rice bays during the irrigation period are not justified, unnecessary water discharges overflow drainage channels, reduce their draining effect, cause ground water pressure, secondary salinization and waterlogging of the soils of rice systems. Up to 20-30% of the applied mineral fertilizers and herbicides are carried out by the discharge runoff, which leads to a decrease in the yield of rice. As a result of this rice cultivation method, the rice yield decreased from 56 C/ha in 1990 to 45 C/ha in 2020, and the irrigation rate increased from 23 thousand m3/ha to 29 thousand m3/ha, while the discharge flow is 20-30% of the irrigation rate.
The project determines critical thresholds of water characteristics on rice bays for t0, mineralization and pH, at which there are signs of infringement in the growth and development of rice plants and there is a need for water discharges during the irrigation period.


1.2 Object of the research 
The Akdalinsky rice-growing area is located in the middle and lower reaches of the Ile river and is one of the most promising rice-growing areas. Currently, about 31 thousand hectares have been developed here, so in the future up to 43.4 thousand hectares can be developed for rice crop rotations. According to climatic conditions, the Akdalinsky irrigation massif is favorable for the cultivation of precocious varieties of Yantar rice, forage and curcurbits crops.
In the Akdala rice system, the structure of sown areas is dominated by rice – 9,914.7 ha, or 32% of the total area, alfalfa is 8,823.8 ha (29%), wheat is 3,757.3 ha, barley is 968.5 ha. 1,109.1 ha (3.6%) is allocated for the reclamation field. The area affected by secondary salinization is 8 thousand hectares; degraded land that has left agricultural turnover is 6 thousand hectares. 
Water intake from the Ile River and its supply to irrigation systems and to the consumers is carried out by the state municipal enterprise of water management (GKP VH) Balkhash irrigation through three main channels that are on the balance sheet of the enterprise and are state property.
The volume of drainage and discharge water is 44% of the water intake, the coefficient of productivity of irrigation water use in rice fields does not exceed 0.45–0.50. At the same time, more than 6 thousand hectares of rice systems left the agricultural crop rotation due to a shortage of irrigation water and 2.5 thousand hectares are insufficiently supplied with water. Under-watering affects the decline in the yield of rice and other crops. In this regard, the development of rice irrigation technology with the discharge of water from rice bays at critical thresholds will reduce the shortage of irrigation water and improve the socio-economic and environmental conditions of the Balkhash region.
Research under the project was carried out on the second above-floodplain terrace of the Akdala rice system, with a high water capacity of 1,400 m3/day, a soil thickness of 20-25 m, represented by alluvial upper-quaternary deposits of loam, sandy loam and modern sands. The high water supply capacity of the active soil column during the rice irrigation period creates an outflow of ground water from the high sections of the rice irrigation system to the low ones, which are subject to secondary salinization and are problem lands of the Akdala rice system [14]. Inside the rice irrigation system, when the terracing of adjacent rice bays is 70-90 cm, low bays are exposed to high adjacent bays. During the rice irrigation period, water filtration from high bays is 2-3 times higher than on low bays. On low bays, due to the contact of ground water with rice bay water, water mineralization reaches a critical toxicity threshold of 2,500 g/l, when the water from the bays must be discharged, followed by flooding from the irrigation channel [17, 18].



1.3 Methodology of the research
The aim of the project is to increase the efficiency of water resources use in rice irrigation systems by reducing unjustified discharges and water flow, and to develop critical threshold indicators for which it is recommended to discharge water from rice bays.
The objectives set by the research project for 2018-2020 are following:
- to study the water temperature in rice bays and establish critical thresholds at which changes occur in the ontogenesis of rice plants and there is a need for discharge or replace water;
- to examine the chemical composition and mineralization of irrigation water and water in rice bays, to establish critical thresholds for the mineralization and pH of rice bays water, at which changes occur in the ontogenesis of rice plants and there is a need to discharge water;
- to study the growth and development of rice plants on experimental fields, with changes in temperature, mineralization and pH of water in rice bays, to determine biological and barn yield of rice;
-to determine the irrigation rate of rice and its constituent elements in rice cultivation based on critical water thresholds for temperature, mineralization and pH;
-to study the chemical composition of soil salts in the aeration zone, and to determine the water and salt balance of experimental plots in rice cultivating process according to critical water thresholds in rice bays;
- to determine the efficiency of rice cultivation at experimental production sites using rice irrigation technology, taking into account critical threshold indicators of water composition.
Experimental studies were conducted on the rice fields of the Birlik agricultural Firm and Vladimir farm of the Akdalinsky rice system (figure 1).
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	Rice field of the 2nd agrosite of Birlik agrofarm (2018)
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	Rice field of 3D agro-site of Vladimir farm (2019 )
	Rice field of 2nd agro-site of Vladimir farm (2020 )


Figure 1 – Layout of rice fields of Birlik and Vladimir  Agrofarms; 1 – 20 –rice bays, which to be monitored for  t0, mineralization and рН water indicators 

The study of critical periods in the ontogenesis of rice that cause the need to discharge (change) water from rice bays during the irrigation period and associated with an increase in temperature, salinity and pH index up to the critical threshold of 350C, 2,500 mg/l and 11 respectivly, was carried out on the phonological areas of rice bays (the bays are highlighted in dark color) and in vegetation vessels-lysimeters installed on rice bays. Studies were conducted at different agricultural sites in order to cover the lithological composition of soils in the aeration zone of the Akdala rice system.
The selected bays marked the phases of rice vegetation, observed the growth and development of rice plants, the water temperature of rice bays, salinity and pH indexes (Figure 2). When the first signs of wilting or stunting of rice plant development were established, the rice bays water indicators exceeds a critical threshold levels, the water was discharged from rice fields, followed by flooding rice fields with water from irrigation canal was carried out.
Irrigation norms of rice and its constituent elements in experimental plots have been determined: water supply to rice bays along the Ivanov spillways by measuring water flow rates supplied for rice irrigation; evaporation from the water surface, transpiration from rice plants, total evaporation, filtration by GGI-3000 lysimeters (Figure 2).
Measurements were carried out every other day at 10 am and 16 pm, during the entire irrigation period. During the irrigation period, water and soil temperatures were determined in rice bays and vegetation vessels by using cranked Savinovsky thermometers and depth thermometers, the TDS-3 solemer was applied to detect salinity index and and for pH the Waterliner WMM-73 device was used, Measurements were carried out every other day at 10 am and 16 p.m, during the entire irrigation period. Water samples were taken from the irrigation canal and rice bays for chemical analyses, which were performed by the chemical laboratories in Almaty.
The biological yield of rice in rice bays and in vessels was determined by the end of the growing season, before harvesting rice. 
The salt regime and balance of the experimental site is determined by measurements of the salinity of irrigation water supplied for rice irrigation, drainage and discharge from rice bays and soil samples for chemical analysis, which were performed in the chemical laboratories of Uspanov Institute of Soil Science and Agrochemistry and Zonal hydrogeological and reclamation Center of the Committee on water resources of the Ministry of Agriculture of the Republic of Kazakhstan in Almaty. Soil samples were taken at the depth of 180 cm, every 20 cm, in the spring before rice sowing and in the autumn after harvesting.
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Figure 2 – Water temperature and flow measurements
1 - taking readings on Savinovsky and soil thermometers installed in rice bays; 2 - taking readings of the vegetative vessel with rice; 3 - adding water to the vegetative vessel with rice; 4 - taking readings on evaporation from the water surface by the GGI-3000 vessel; 5 – water consumption sampling on evaporation from the water surface by the GGI-3000 vessel; 6 - water flow measurements along the spillway; 7 - description of the soil section, Rau А.G.; 8 - soil sampling for chemical analysis.

































2 Temperature regime for air, water and soil of rice bays

In the practice of rice cultivation on the Akdala rice system, a shortened mode of flooding rice bays is used, when after sowing rice, rice bays are flooded with a 10 cm layer of water. In seedlings of rice produced periodic flooding, a permanent layer of water is created before tillering 5 cm and 12 cm in phases trubkove, flowering and milk-wax ripeness, in the period of full ripeness of grain of rice, the water supply stops, the water layer is not reset and is absorbed into the soil and consumed for the full ripening of rice grain.
The water layer on rice bays plays a multi-factor role. It has a great influence on the microclimate of the rice field. With changes in the water layer on rice bays, the water temperature, salinity and pH change, which affect the irrigation rate, rice yield and water consumption per ton of production.
In the conditions of the continental climate in the Akdala irrigation massif, the vegetation period of rice plants is limited by the dates of stable transitions from the average daily air temperature of 150C, and this date is 15 May. Rice seeds begin to germinate at an average daily temperature of air and soil above 100C, the transition date is 6 May [1, 2, 19].
The presence of a water layer creates a special microclimate in a flooded rice field, which differs from the microclimate of rainfed fields. In flooded rice paddies, most of the heat flow from the atmosphere is spent on evaporation. The large amount of heat spent on evaporation from a flooded rice paddy causes a temperature inversion in the surface layer of air, when heat from the air is directed to the surface of the water of the rice paddy.
According to the Bakanas weather station, the sum of monthly long-term air temperatures during the growing season is 520.80 °C in May, 660.00 °C in June, 747.10 in July, 682.00 °C in August, and 474.00 °C in September, during the growing season it comprises 3083.90 °C. With such a sum of average monthly air temperatures, only precocious rice varieties zoned for the Yantar rice-growing zone under study can be cultivated.
[bookmark: _Hlk54726735]2018 was characterized by a reduced daily and average monthly air temperature during the growing season, which according to the Bakanas weather station was: 496.00 °C in May, 648.00 °C in June, 737.80 °C in July, 672.70 °C in August, 474.00 °C in September, which was lower than the long-term by 55.40 °C. In 2019 and 2020, the summer was hot, and on some days in June and July, the air temperature reached 43-45 °C at 14-16 p.m. The sum of monthly air temperatures in the growing season of 2019 was: in May - 540.4 °C, in June - 705.7 °C, in July - 850.8°C, in August - 787.0°C, in September - 475 °C. In 2020, May - 642.8 °C, June - 707.6°C, July - 809.3 °C, August - 763.3 °C, September – 474 °C (Table 1, Figure 3).

Table 1 – Sum of monthly air temperatures according to the Bakanas weather station
	Item 
	Months  
	Sum of temperatures for the irrigation period
	Deviation in the sum of air temperatures from long-term ones

	
	May
	June
	July 
	August
	September
	
	

	Average annual sum of air temperatures
	520.8
	660.0
	747.1
	682.0
	474
	3083.9
	-

	The sum of the air temperature, 2018
	496.0
	648
	737.8
	672.7
	474
	3028.5
	-55.4

	The sum of the air temperature, 2019
	540.4
	705.7
	850.8
	787
	475
	3357.9
	274.0

	The sum of the air temperature, 2020
	642.8
	707.6
	809.3
	763.3
	474
	3397
	311.3




Figure 3 – Average monthly air temperature according to the Bakanas weather station of the Akdala rice system [image: ]average annual,[image: ] data for 2018, [image: ] data for 2019, [image: ] data for 2020

According to the s. Bakanas meteorological station mean monthly air temperature in the vegetation period of rice in 2018 was lower than a multiyear average by 0.3°C-0.8°C, in 2019 higher mean annual of 0.8°C-3.4°C, in 2020 above the average annual 1.6°C-3.8°C (table 2)
Table 2 – Deviation in the average monthly air temperature in 2018-2020 from long-term ones according to the Bakanas weather station
	months
	Average monthly air temperature 
	Deviation of average monthly temperatures for 2018, 2019 and 2020 from long-tem ones

	
	Long-term average normal
	2018
	2019
	2020 
	2018 
	2019 
	2020 

	1
	2
	3
	4
	5
	6
	7
	8

	May
	16.8
	16.0
	17.4
	20.6
	-0.8
	0.8
	3.8

	June
	22.0
	21.6
	23.5
	23.6
	-0.4
	1.5
	1.6

	July
	24.1
	23.8
	27.4
	26.1
	-0.3
	3.3
	2.0

	August
	22.0
	21.7
	25.4
	24.7
	-0.3
	3.4
	2.7

	September

	15.8
	15.7
	15.85
	15.9
	-0.1
	0.05
	0.1



The water temperature in rice bays during the irrigation period repeats the daily course of air temperature. In the month of June, when the stem of the rice plant does not shade the water surface of the rice bay, the average decadal water temperature in the bay is higher than the average decadal air temperature by 20-60 0C. The maximum water temperature in the rice bay falls on the month of June, during the tillering period of the rice plant when: the surface layer of water 0-5 cm is heated to 28.3 °C-30.5 0C, at a depth of 5-10 cm 25.3 0C, at a depth of 10-15 cm-24.8 0C. In July, the water layer on the rice bay is completely shaded by the rice stem and the water temperature in the bay did not rise above 24.7 0C. In August, during the period of milk and wax ripeness of rice grain, the water temperature in the bay decreases to 23.3 0C (Table 3, Figure 3).
Table 3 –Monthly normal, maximum and minimum water temperatures of rice bays
	№
	Month
	
	Water surface, 0С
	On 5 sm.  depth, 0С
	On 10 sm  depth, 0С
	On 15 sm depth, 0С
	On 20 sm  depth, 0С

	1
	May 
	normal
	21.1
	21.1
	20.8
	20.6
	20.3

	
	
	Max.
	28.5
	28.3
	28.0
	27.8
	26.4

	
	
	Min.
	20.1
	21.1
	20.8
	20.6
	20.3

	2
	June 
	normal
	21.5
	21.7
	21.6
	21.5
	20.7

	
	
	Max.
	24.0
	24.6
	23.2
	23.2
	23.2

	
	
	Min.
	18.6
	18.6
	18.3
	18.1
	18.0

	3
	July 
	normal
	23.9
	23.7
	23.5
	23.3
	23.1

	
	
	Max.
	27.4
	27.3
	26.8
	26.4
	26.1

	
	
	Min.
	22.1
	22
	21.8
	21.8
	21.6

	4
	August
	normal
	22.3
	22.4
	22.6
	22.8
	22.9

	
	
	Max.
	24.7
	24.6
	24.5
	24.3
	24.4

	
	
	Min.
	19.2
	19.4
	19.9
	20.5
	20.5
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Figure 3 – Temperature of air and water in a rice bay
There were no discharges of water from rice paddies due to overheating of the water layer in rice paddies in 2018, 2019 and 2020. A short-term 5-6 hours increase in an air temperature in June and July to 420C-450C, the surface layer of water 0-5 cm to 30.5°C did not affect the cone of stem growth and panicle formation.
To predict the water temperature in the rice bays, its dependence on the air temperature was established by the Bakanas weather station.
	tг = 6,2 – 0,17 tв + 0,04
	(1)


where tг –  average daily water temperature in bays and tв – average monthly air temperature at the Bakanas weather station. 
The temperature regime of rice bay soils depends on the temperature of the water layer of rice bay, the average daily soil temperature at a depth of 5 cm varies during the growing season from 200°C to 260°C and at a depth of 20 cm it ranges from 20.00°C to 25.30°C (Figure 4).
The warming rate of the rice paddy soil depends on the depth of flooding. With a water layer of 5 cm, the soil warms up faster than with a 20 cm water layer. This is clearly seen on the thermal layers of the water layer of rice bays during the irrigation period, the maximum temperature of the water and soil layer was 28-290 C in the tillering phase of rice, when the depth of flooding of rice bays was 5-6 cm, in the remaining phases of growth and development of the rice plant, the water and soil temperature is not higher than 260C, during the waxy and full ripeness of rice grain, the soil temperature decreases to 19-210 C (Figure 4).
[image: ]Figure 4 – Isothermobarth of water and soil layer of rice bays
During the period of rice germination, when the water surface is not shaded by rice plants, the water in rice bays warms up faster than the soil, and during the period of rice stalks, the water and soil temperatures are equalized.
Many scientists have proved that the decrease in rice yield occurs at a stable water temperature higher than 350C, when oxygen in the water decreases, the conditions for panicle formation worsen and the number of spikelets on it decreases, which affects the decrease in rice yield [4, 5]. In the conditions of the continental climate of the Akdala rice system, individual days with high air temperatures of 450C and water of rice bays of 30.90 C, during the daytime at 14-16 p.m do not affect the oxygen content in the water and are not used by rice plants, because the speed of biological processes of rice plants does not correspond to the rate of temperature growth in individual hours, at night the air and water temperatures drop to 28°C and 27°C respectively. Therefore, water discharges from rice bays from overheating of the water and reducing oxygen in the water of rice bays should not be carried out. The yield of rice in the Akdala rice system depends on the sum of temperatures during the growing season. Comparison of metrological conditions with elements of the structure of the rice crop showed that the higher the sum of the average monthly temperatures for the growing season, the better rice plants develop, the empty grain rate significantly reduces, tillering, absolute grain weight and rice yield increase. The sum of the average monthly air temperatures for the irrigation period accounted for as follows: in 2018 was 3,028.5°C, rice yield-52.4 C/ha, in 2019 3,357.9°C, rice yield-67.8 C/ha, in 2020 – 3,397.0°C, rice yield-57.3 C/ha (Figure 5).

Figure 5 –Dependence of rice yield on the Akdala rice system on the sum of the air temperature during the growing season



















3 Salinity of irrigation water, rice bays and rice yield

3.1 Salinity of irrigating water 
The Akdala rice system is irrigated by the water the Ile river that has mixed glacial-rain nutrition. The salt regime of the river water is determined mainly by the salinity of precipitation, as well as by the leaching of salts from the rocks in the river basin.
The salinity of water in the Ile river ranges from 307 mg/l to 760 mg/l the chemical composition of water is mainly bicarbonate-calcium, but separate analyses show the presence of bicarbonate NaHCO3 and carbonate Na2CO3 in it (Table 1). The bicarbonate of soda content is 0.29 mg-EQ. Even such a small amount of soda in the water was enough to the irrigation soils massif to be salinated by soda, and to form saline soils in places of flooding when the river floods in high water. In irrigation channels, the alkaline pH water is 7.0–7.9.
Water salinity in irrigation channels of the Bakhbakhtinsky rice system of the Birlik agricultural farm in 2018 was 343-407 mg/l in May, 434-475 mg/l in June, 492-530 mg/l in July, 540-567 mg/l in August; while at Vladimir farm in 2019-2020 its index was: 407 – 576 mg/l in May, 420 – 597 mg/l in June, 463 – 599 mg/l in July, 498 mg/l and  608 mg/l in August (Table 4).
The irrigation coefficient of water in the Ile river, the ability to salinize soils, is estimated by the value of the coefficient of potential sodium absorption […]
	SAR =Na :  = 0,85  = 0,63
	(2)


According to the SAR indicator, water in the Ile river belongs to a low salinity class and is suitable for watering all cultivated crops, including rice.


3.2 Salinity of water from rice bays
There is a shortened mode of flooding rice bays that is applied on the Akdala rice system, when a permanent layer of water on rice bays is created after 20 May.
The chemical composition of rice bay water depends on the salt content in the irrigation water, water-soluble salts in the upper layer of the soil, the water layer in rice bays, and the amount of water filtration from rice bays during the irrigation period. Studies on the effect of salinity and pH of water in rice bays on rice yield were conducted in the rice-cultivating cooperative of the Birlik agricultural farm  in 2018 and in the Vladimir farm in 2019 and 2020. (Figure 1).
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Table 4 – Salinity of irrigating water, mg-eqv/mg-l
	№ 
	Sampling point
	Date of sampling
	pH
	mg-eqv%  /  mg/dm3
	Ʃk mg/eqv.
	Salinity
	The Kurlov Formula
	SAR

	
	
	
	
	CO3
	HCO3
	Cl
	SO4
	Ca
	Mg
	Na+K
	
	
	
	

	1
	Irrigation channel 
	27.08.2018
	7.8
	 
	3.2
	1.0
	1.8
	2.6
	1.4
	2.0
	6.0
	431
	  HCO3 53 SO4 30 CI 17
	1.0

	
	
	
	
	0.00
	195
	35
	86
	52
	17
	46
	
	
	M 0,43 Ca 43 Na 33 Mg 24
	

	2
	Irrigation channel
	27.08.2018
	7.9
	
	2.8
	1.6
	2.0
	2.6
	1.4
	2.4
	6.4
	448
	 HCO3 44 SO4 31 CI 25
	1.2

	
	
	
	
	0,00
	171
	57
	96
	52
	17
	55
	
	
	M 0,75  Ca 41 Na 38 Mg 21
	

	3
	Irrigation channel
	05.09.2018
	7.0
	
	3.4
	1.0
	2.2
	2.7
	1.4
	2.5
	6.6
	760
	    SO₄ 43 HCO3 42 CI 15 
	0.3

	
	
	
	
	0.00
	207
	35
	106
	54
	17
	57
	
	
	M 0,76 Ca 54  Na 35 Mg 11  
	

	4
	Irrigation channel
	18.05.2019
	7.7
	 
	1.60
	1.00
	2.40
	2.70
	1.10
	1.20
	5.0
	343
	     SO₄ 48 HCO332 CI 20 
	0.9

	
	
	
	
	0.00
	97.60
	35.46
	115.27
	54.00
	13.38
	27.60
	
	
	M 0,34 Ca 54 Na 24 Mg 22  
	

	5
	Irrigation channel
	30.05.2019
	7.2
	 
	1.40
	1.00
	2.20
	2.70
	1.60
	0.30
	4.6
	307
	     SO₄ 48 HCO3 30  CI 22
	0.2

	
	
	
	
	0.00
	85.40
	35.46
	105.67
	54.00
	19.46
	6.90
	
	
	M 0,31    Ca 59 Mg 35 Na 6 
	

	6
	Irrigation channel 
	09.07.2019
	7.4
	0.00
	3.60
	1.10
	2.10
	2.40
	3.10
	1.30
	6.8
	475
	HCO3 53 SO4 31 Cl 16  
	

	
	
	
	
	0.00
	219.60
	39.01
	100.86
	48.00
	37.70
	29.90
	
	
	М 0,48 Mg 46 Ca 35 Na19
	

	7
	Irrigation channel 
	01.09.2019
	7.2
	 
	3.60
	1.10
	1.90
	2.30
	2.20
	2.10
	6.6
	471
	HCO3 55 SO4 29 Cl 16  
	0.9

	
	
	
	
	0.00
	219.60
	39.01
	91.26
	46.00
	26.75
	48.30
	
	
	М 0,47 Ca 35 Mg 33 Na32
	

	8
	Irrigation channel 
	08.06.2020
	7.7
	0.00
	2.80
	1.00
	2.00
	1.50
	1.00
	3.30
	5.8
	420
	М 0,42 HCO3 48 SO4 35 Cl 17
	2.9

	
	
	
	
	0,00
	170,80
	35,46
	96,06
	30,00
	12,16
	75,90
	
	
	Na 57 Ca 26 Mg 17
	

	9
	Irrigation channel 
	02.07.2020
	7.8
	0.00
	3.00
	1.20
	2.60
	2.10
	3.50
	1.20
	6.8
	463
	М 0,46HCO3 44 SO4 38Cl18  
	0.7

	
	
	
	
	0.00
	183.00
	42.55
	124.88
	42.00
	42.56
	27.60
	
	
	Mg 51 Ca 31 Na 18
	

	10
	Irrigation channel 
	04.09.2020
	7.9
	0.00
	3.40
	1.40
	2.60
	4.20
	1.90
	1.30
	7.4
	519
	М 0,52 HCO3 46 SO4 35 Cl 19  
	0.7

	
	
	
	
	0.00
	207.40
	49.64
	124.88
	84.00
	23.10
	29.90
	
	
	Ca 57 Mg 26 Na 18
	




During the irrigation period, water samples were taken for chemical analyses, which were performed in the hydrogeological laboratory in Almaty. In the field, the mineralization and pH of water in rice bays were determined by TDS-3 and Waterliner WMM-73 salt meter. At the experimental production field of the Berlik agricultural Farm, studies were conducted on 20 rice bays with an area of 55 hectares, in 18 bays, filtration of water from rice bays during the irrigation period was 8-9 mm/day, ground water does not merge with the water of rice bays, salinity and chemical composition of water during the irrigation period according to SAR (2) does not exceed 6.0, such water is considered to be of good quality, suitable for cultivation of rice and other crops (Table 5). No water was discharged from these bays during the entire irrigation period.
In two cheques out of 20, the filtration of water from rice bays during the irrigation period is 3-5 mm/day, ground water is connected to the water of rice bays due to the convective diffusion of salt from the soil and ground water, moving into the water layer of rice cheques, the salinity and chemical composition of water during the irrigation period have increased, and by the end of May it comprised 1,091-1,981 mg/l, in June it was 1,512-1,596 mg/l. In the first decade of July, the salinity of water in rice bays reached the critical threshold of toxicity-2.49 g/l and 2,510 mg/l, the water from the bays was discharged, followed by flooding with water from the irrigation channel, with a salinity of 359 mg/l. The second discharge of water from rice bays was made in the first decade of August, when the salinity of water in bays was 2,520-2,560 mg/l (Figure 6).
By the chemical composition the water in two rice bays with a salinity index of 2,520-2,560 mg/l, is characterized as sodium-magnesium carbonate. According to the SAR coefficient, the chemical composition of water in two rice bays of 2,520-2,560 mg/l exceeds 18 and the water is considered unsuitable for cultivated crops, including rice therefore, water is discharged and then flooded to the previous level from the irrigation channel (Table 6, Figure 6).



Table 5 - Results of chemical analysis of rice check water performed in the chemical laboratory of the RSU "Zonal hydrogeological and reclamation center" of the Ministry of agriculture of the Republic of Kazakhstan, 2018-2020.
	Date of sampling
	Sampling point
	pH
	mg-eqv%  /  mg/dm3
	Ʃk mg-eqv
	Salinity, mg/dm3
	            The Kurlov Formula
	SAR

	
	
	
	CO3
	HCO3
	Cl
	SO4
	Ca
	Mg
	Na+K
	
	
	
	

	Rice bays without water discharge

	27.06.2018
	rice bay 7 

	7,3
	0,00
	3,0
	1,1
	2,9
	2,8
	1,7
	2,5
	7,0
	495
	            HCO3 43 SO4 41 CI 16
M 0,50   Ca 40 Na 36 Mg 24
	1,1

	
	
	
	0,00
	183
	39
	139
	56
	21
	57
	
	
	
	

	05.09.2018
	rice bay 10
	7,5
	0,00
	3,2
	1,0
	5,0
	2,5
	1,5
	5,2
	9,2
	658
	            SO4 54 HCO3 35 CI 11
M 0,66   Na 57 Ca 27 Mg 16
	2,6

	
	
	
	0,00
	195
	35
	240
	50
	18
	120
	
	
	
	

	30.05.2019
	rice bay 5
	7,1
	0,00
	3,80
	0,90
	1,70
	2,40
	2,30
	1,70
	6,4
	460
	      HCO3 59 SO4 27 CI 14
M 0,46  Ca 38 Mg 36 Na 26
	1,1

	
	
	
	0,00
	231,80
	31,91
	81,65
	48,00
	27,97
	39,10
	
	
	
	

	09.07.2019
	rice bay 10
	7,00
	0,00
	3,20
	0,90
	3,10
	2,20
	2,20
	2,80
	7,2
	511
	HCO3 44 SO4 43 Cl 13  
М 0,51        Ca30 Mg 30 Na40
	


	
	
	
	0,00
	195,20
	31,91
	148,89
	44,00
	26,75
	64,40
	
	
	
	

	01.09.2019
	rice bay 3
	7,70
	0,00
	3,40
	1,10
	3,50
	1,90
	1,70
	4,40
	8,0
	574
	М 0,57      SO4 44 HCO3 43 Cl13 
Na 55 Ca 24 Mg21
	

	
	
	
	0,00
	207,40
	39,01
	168,11
	38,00
	20,67
	101,20
	
	
	
	

	08.06.2020
	rice bay 3
	7,10
	0,00
	3,40
	1,00
	2,00
	1,50
	1,20
	3,70
	6,4
	469
	М 0,47    HCO3 53 SO4 31 Cl 16  
Na 58 Ca 23 Mg 19
	3,2

	
	
	
	0,00
	207,40
	35,46
	96,06
	30,00
	14,59
	85,10
	
	
	
	

	02.07.2020
	rice bay 1
	6,60
	0,00
	4,40
	1,20
	2,40
	2,60
	2,80
	2,60
	8,0
	572
	М 0,57 HCO3 55 SO4 30 Cl 15  
Mg 34 Ca 33 Na33
	1,6

	
	
	
	0,00
	268,40
	42,55
	115,27
	52,00
	34,05
	59,80
	
	
	
	

	04.09.2020
	rice bay 7
	6,50
	0,00
	4,20
	1,40
	2,80
	5,00
	2,90
	0,50
	8,4
	587
	М 0,59 HCO3 50 SO4 33 Cl 17  
Ca60 Mg 35 Na 6
	0,3

	
	
	
	0,00
	256,20
	49,64
	134,48
	100,00
	35,26
	11,50
	
	
	
	

	Rice bays with water discharge

	27.08.2018
	rice bay 8
	8,3
	0,8
	4,2
	3,4
	14,4
	4,3
	8,5
	10,0
	22,8
	1512
	       SO4 63 HCO3 18 CI 15 CO3 4
M 1,51   Na 44 Mg 37 Ca 19
	2,8

	
	
	
	24
	256
	121
	692
	86
	103
	230
	
	
	
	

	27.08.2018
	rice bay 11
	7,5
	0,00
	6,0
	3,3
	38,7
	5,6
	29,4
	13,0
	48,0
	3110
	            SO4 81 HCO3 13 CI 6
M 3,11   Mg 61 Na 27 Ca 12
	2,1

	
	
	
	0,00
	366
	117
	1859
	112
	357
	299
	
	
	
	

	14.09.2018
	rice bay 10
	6,9
	0,00
	6,6
	7,3
	33,9
	7,3
	31,3
	9,2
	47,8
	3027
	            SO4 71 CI 15 HCO314
M 3,0   Mg 65 Na 19 CI 16
	1,5

	
	
	
	0,00
	403
	259
	1628
	146
	380
	211
	
	
	
	

	30.05.2019
	rice bay 8
	7,1
	0,00
	5,60
	2,80
	10,00
	4,40
	3,90
	10,10
	18,4
	1289
	      SO₄ 54 HCO3 30 CI 16
M 1,3   Na 55 Ca 24 Mg 21  
	4,9

	
	
	
	0,00
	341,60
	99,29
	480,30
	88,00
	47,42
	232,30
	
	
	
	

	01.09.2019
	rice bay 8
	6,80
	0,00
	7,80
	1,60
	5,60
	2,10
	6,80
	6,10
	15,0
	1066
	М 1,07 HCO3 52 SO4 37 Cl 11  
Mg 45 Na 41 Ca 14
	

	
	
	
	0,00
	475,80
	56,74
	268,97
	42,00
	82,69
	140,30
	
	
	
	

	08.06.2020
	rice bay 10
	6,80
	0,00
	7,60
	2,20
	2,80
	2,60
	1,60
	8,40
	12,6
	941
	М 0,94 HCO3 60 SO4 22 Cl 18  
Na 67 Ca 20 Mg 13
	5,8

	
	
	
	0,00
	463,60
	78,01
	134,48
	52,00
	19,46
	193,20
	
	
	
	

	08.06.2020
	rice bay 6
	6,30
	0,00
	11,20
	1,90
	3,10
	3,60
	1,70
	10,90
	16,2
	1243
	М 1,24 HCO3 69 SO4 19 Cl 12  
Na 67 Ca 22 Mg 11
	6,7

	
	
	
	0,00
	683,20
	67,37
	148,89
	72,00
	20,67
	250,70
	
	
	
	

	04.09.2020
	rice bay 6
	7,20
	0,00
	8,00
	1,40
	2,60
	6,20
	4,60
	1,20
	12,0
	870
	М 0,87

	HCO3 67 SO4 22 Cl 12  
Ca 52 Mg 38 Na 10
	0,5

	
	
	
	0,00
	488,00
	49,64
	124,88
	124,00
	55,94
	27,60
	
	
	
	
	



Table   6 – Monitoring of salinity and pH index for water of rice bays on the experimental site of Birlik agricultural Farm
	Rice bays
	Salinity 
	рН

	
	May
	June
	July
	August
	May
	June
	July
	August

	1
	2
	3
	4
	5
	6
	7
	8
	9

	Rice bays without water discharge during the irrigation period

	1
	319
	377
	511
	407
	7.5
	7.7
	7.97
	8.3

	2
	319
	319
	461
	404
	7.7
	7.6
	8.02
	8.3

	3
	319
	363
	431
	515
	7.7
	7.3
	7.65
	7.9

	4
	319
	397
	448
	500
	7.5
	7.7
	7.67
	7.9

	5
	319
	393
	503
	400
	7.3
	7.5
	6.95
	8.3

	6
	319
	326
	437
	312
	7.4
	7.5
	8.05
	8.8

	7
	319
	407
	495
	444
	7.85
	7.3
	7.79
	8.2

	8
	319
	-
	-
	541
	7.4
	7.7
	-
	7.7

	9
	319
	381
	537
	917
	7.3
	7.1
	7.15
	8.7

	10
	319
	281
	554
	516
	7.5
	7.4
	8.06
	8.1

	11
	319
	442
	657
	454
	7.4
	8.6
	7.81
	8.0

	12
	319
	-
	573
	423
	7.5
	7.8
	8.01
	7.8

	13
	319
	338
	581
	506
	7.7
	7.8
	9.29
	7.6

	14
	319
	364
	543
	592
	7.6
	7.9
	8.23
	8.0

	15
	319
	-
	357
	523
	7.4
	7.9
	7.94
	7.8

	16
	319
	279
	321
	523
	7.5
	7.8
	7.86
	7.6

	17
	319
	293
	-
	476
	7.5
	8.3
	-
	-

	18
	319
	359
	-
	433
	7.4
	7.8
	-
	-

	Rice bays with water discharge during the irrigation period

	19
	319
	1,381
	2,490
	2,520
	7.7
	8.2
	7.58
	8.8

	20
	319
	1,520
	2,510
	2,56
	7.4
	8.6
	7.60
	8.9
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Figure 6 – Salinity of rice bay water with water discharges during the irrigation period

The results of studies on water salinity of rice bays in the Vladimir farm in 2019 and 2020 have shown that in 9 bays out of 10 during the maintenance of the water layer, the salinity does not exceed 951 mg/l (Table 7). Water in bays is characterized by a sulfate-bicarbonate-calcium composition. The salinity and chemical composition of water in 9 rice bays during the irrigation period is estimated by SAR (2) to be below 6.0 and is considered suitable for cultivation of rice and other crops, no water was discharged from these bays during the irrigation period.
Table 7 – Salinity of water from rice bays in 2019-2020, mg/l
	Date
Years
	Rice bays without water discharge
	Rice bays with water discharge

	
	2019
	2020 
	2019
	2020 

	20.05
	343
	565
	1170
	1332

	30.05
	363
	580
	1310
	1542

	10.06
	485
	526
	2530
	1305

	20.06
	443
	584
	860
	1502

	30.06
	522
	592
	930
	2675

	10.07
	596
	646
	938
	1077

	20.07
	520
	572
	1011
	1445

	30.07
	518
	530
	1035
	1385

	10.08
	593
	585
	1152
	1617

	20.08
	612
	568
	1203
	1455

	28.08
	778
	623
	1302
	2305


 
In one bay out of 10, water salinity increases during the irrigation period of 2019 and 2020, at the end of May 2019 it was 1,310 mg/l, and in 2020 it was 1,542 mg/l. During the tillering period of rice plants, the salinity of water in bays reaches the critical threshold of toxicity of 2,530 mg/l on 12 June 2019 and on 30 June 2020, it was 2,675 mg/l, water from bays was discharged, followed by flooding from the irrigation channel (Table 7, Figures 7, 8). In subsequent periods of vegetation of rice plants, the salinity of water in bays increases to 1302 mg/l and  1,905 mg/l in 2019 and 2020 resectively, but does not exceed the toxicity threshold of 2,500 mg/l (Table 7, Figures 7, 8). The Alkaline pH medium of rice bay with water discharge was 7.25 and did not exceed the critical toxicity threshold of 11.0 [19].

Figure 7 – Water salinity from irrigation chanel, rice bays in 2019
1 – irrigation chanel, 2 –  rice bays without water discharge, 3 –  rice bays with water discharge 
Figure 8 – Water salinity from irrigation chanel, rice bays in 2020
[image: ]irrigation chanel, [image: ] rice bays without water discharge,
[image: ]rice bay with water discharge.

In vegetation vessels-lysimeters GGI-3000, installed in the rice bay, the water salinity was measured with the TDS-3 solemer, and pH index was deterrmined by the Waterliner WMM-73 device. Rice was cultivated in lysimeter vessels and the water layer in them was supported by a layer of rice bay. The observations showed that in vessels without bottom (vessels 2 and 3), in which there was a free outflow of filtration water, the salinity of water in the irrigation period in 2018 was 490 – 536 mg/l, in 2019 it was 420 – 634 mg/l, and in 2020 - 597 – 819 mg/l. In the Vladimir farm, water salinity during the tillering of rice plants, when the water layer in bays and vessels decreases to 5 cm, water salinity increases to 1,571 mg/l on 30.06.2020, in a vegetative vessel with a bottom and rice, in which there was no filtration outflow, water mineralization indicated 1550 mg/l. in 2019, water salinity index in the lysimeter vessel during the irrigation period increased and reached 910.8 mg / l on 20 August (Table 8).
Table  8 – Water salinity in vegetation vessels-lysimeters, mg/l.

	Date 
	Birlik agrofarm
	Vladimir farm

	
	The water salinity of the rice bay with installed vegetation vessels
	Vegetation vessels
	The water salinity of the rice bay with installed vegetation vessels
	Vessels with bottoms
	Vessels without bottoms
	Vessels without bottoms

	
	
	
	2019
	2020
	2019
	2020
	2019
	2020
	2019
	2020

	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11

	20.05
	532
	536
	453.6
	580
	437.4
	853
	451.8
	621
	437.4
	597

	30.05
	489
	490
	462.6
	574
	468.0
	1550
	466.2
	709
	489.6
	703

	10.06
	516
	507
	460.8
	546
	518.4
	1300
	491.4
	718
	588.6
	819

	20.06
	484
	508
	450.0
	563
	410.4
	1279
	414.0
	771
	633.6
	789

	30.06
	500
	487
	459.0
	567
	316.8
	1515
	358.2
	935
	541.8
	1571

	10.07
	496
	451
	446.4
	602
	324.0
	1403
	352.8
	584
	522.0
	703

	20.07
	524
	499
	439.2
	578
	331.2
	1388
	367.2
	569
	540.0
	1034

	30.07
	497
	506
	448.2
	457
	493.2
	1199
	388.8
	473
	538.2
	748

	10.08
	479
	491
	444.6
	576
	549.0
	1229
	437.4
	576
	590.4
	664

	20.08
	476
	493
	468.0
	576
	505.8
	1178
	406.8
	685
	703.8
	715

	28.08
	511
	848
	567.0
	604
	502.2
	1388
	486.0
	726
	910.8
	621



Water salinity in vegetation vessels in 2018-2020 is considered to be of satisfactory quality and does not require changing water according to the irrigation coefficient SAR (2). The alkalinity pH index of water in vegetation vessels is 7.4-8.2, which is below the critical threshold of toxicity pH≤11.


3.3 Forecast on salinity of rice paddy water during the irrigation period
To determine the intensity of changes in the salinity of water in the rice bay and the need to change water from the balance equations, we obtained analytical dependences describing the dynamics of changes in the volume of water and the intensity of salt accumulation in water during dt.
The equation describing the change in the volume of water in the bay is as follows:
	

	(3)


Salt accumulation 
	

	    (4)


where V – the amount of water in the bay at a time t, м3/ha;  V0 – initial volume of water in a bay, м3/га; Vn, Vгр – average daily volumes of water received in a bay over times   t1, t2, t3 … tn through the water outlets and the soil solutions from groundwater, м3/hа; 
Ve, Vчт, Vф – average daily volumes of water consumed from the bay over times t1, t2, t3 … tn for discharge, evaporation, transpiration, and infiltration respectively, м3/hа;
С0, Сn, Сгр, Сч  - accordingly the initial salinity of water in the bay, the salinity of irrigation water, ground water, and rice bay at time t, g/l.
The volume of water entering the bay from the soil solution of ground water is determined by the equation:     
	

	(5)






where K is  the coefficient of filtration for sediments, m/d;  - terracing of rice bays, m; n – porosity of cover deposits, in fractions of one;  - water layer in bays with positive and negative terracing, м;  - the distance between the centers of terraced bays , m.
In the differentiated form, equation (1) is to be written as:                   
	
,
	(6)


equation (2)
	

	 
(7)


Substituting equation (4) into equation (5), we obtain the intensity of changes in water salinity in a rice bay:
	

	(8)


Equation (10) allows us to determine the salinity of water in a rice bay at any time t and the need to change water when it reaches its critical values (1)
	

	(9)



where   – is an accumulation of salts in rice bay water over time t1, t2, t3 … tn,                          
	

	(10)


- changing the volume of water supply in a rice bay over time t1, t2, t3 … tn                     
	

	(11)


Equation (11) states that with an increase in water supply (Vn), the salinity of water in the bay decreases and, conversely, with a decrease in water supply through the outlet Vn and an increase in supply from ground water Vgr, the salinity of water in the bay increases. The salt concentration in the bay water may vary from: 
	

	(12)




till Сп under Vгр 0 и Vф + Vc Vп
The dependence of changes in water mineralization in rice bays on the degree of soil salinity and the ratio of VF and Vgr for saline loamy soils at the Karaultyubinsky agricultural complex is presented in (Figure 7).
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Figure 7 -  Dynamics of water salinity in rice paddies during the irrigation period
where:  1 — salinity rate of irrigating water 2, 3, 5 — salinity of water in the receipt, respectively, when Qф + Qч = QГ  и СЧ <b/а, when Qф >0 и Сч<b/а, when Qгр≥0 и Сч>b /а; 4 - maximum permissible water salinity in a rice paddy.

From the above equations, it follows that the higher the filtration of water from rice bays and the lower the salinity of ground water, the less salts accumulate in the water of rice bays. With a decrease in filtration and an increase in ground water pressure, the salinity of rice bay water increases and to reduce it, it is necessary to change the water in rice bays (Figure 7, I and II).


3.4 Rice yield on the field
On the Akdala rice system, where the precocious Yantar brand of rice is cultivated, and the salinity of water during the irrigation period did not reach the critical threshold of toxicity, the yield of rice on rice bays accounted for 52.4 C/ha in 2018 in the Berlik agricultural Farm, while in the Vladimir farm it was 67.8 C/ha and 57.3 C/ha in 2019 and 2020 respectively. Water consumption per centner of grain is 405-530 m3/d. No water discharges were made from these bays during the irrigation period (Table 9).
Table 9 – Rice yield and water consumption per centner of grain
	№
	Number of plants, units
	Number of  stems, units
	Rice yield, C/ha
	Water consumption, m3/C

	
	2018
	2019
	2020
	2018
	2019
	2020
	2018
	2019
	2020
	2018
	2019
	2020

	Rice bays without water discharge

	1
	142
	181
	121
	195
	210
	228
	50.30
	59.9
	52.7
	425
	447
	493

	2
	152
	246
	174
	206
	271
	217
	53.30
	74.1
	37.3
	402
	362
	696

	3
	142
	184
	188
	197
	201
	375
	50.15
	60.8
	73.1
	427
	441
	355

	4
	142
	188
	159
	196
	202
	293
	50.0
	55.5
	53.7
	428
	483
	483

	5
	155
	164
	150
	197
	187
	310
	55.65
	82.9
	64.0
	384
	323
	406

	6
	157
	208
	155
	193
	219
	304
	54.30
	73.6
	59.8
	394
	364
	433

	7
	150
	181
	158
	197
	199
	292
	51.90
	68.6
	53.7
	412
	391
	483

	8
	146
	166
	135
	189
	193
	289
	54.0
	80.5
	61.9
	396
	333
	420

	9
	148
	163
	148
	185
	190
	297
	49.54
	82.7
	59.8
	432
	324
	434

	average
	148
	187
	154
	195
	208
	289
	52.13
	71.0
	57.3
	411
	385
	467

	Rice bays with water discharge

	10
	137
	153
	223
	178
	173
	286
	46.3
	48.2
	35.5
	507
	525
	595



On rice bays, where the salinity of water during the irrigation period reaches a critical threshold of toxicity and water was discharged from the bays, the yield of rice decreased and amounted to 47.2 C/ha in the Birlik agricultural Farm in 2018, while  in the Vladimir farm it was 48.2 C/ha and 35.5 C/ha in 2019 and in 2020 respectively. The decrease in rice yield compared to rice bays without water discharge is 10% in 2018, 30% in 2019, and 40% in 2020. Water consumption per centner of rice crop on bays with water discharge was 480-595 m3/d.
In vegetation vessels-lysimeters without a bottom, the growth and development of rice plants do not differ from rice bays without water discharge, water change in the vessels was not performed, and the rice yield accounted to 41.9-64 C/ha. In a vegetative vessel with a bottom, where water there was no filtration during the irrigation period, the salinity of water in the vessel is higher than in vessels without a bottom. At the beginning of the irrigation period its rate was 445 mg/l and 950 mg/l by the end of the irrigation period, the pH value was 7.6-7.8. In the given vessel-lysimeter the yield of rice was 39.0-60.1 C/ha. No water changes were made in the vegetation vessel-lysimeter during the irrigation period (Table 10).
Тable 10 – Rice crop productivity in vegetation lysimeter-vessels, 
	vessel 
	Number of plants, un/m2
	Number of stems, un/m2
	Tilling capacity
	Thousand kernel weight, (TKW) gr.
	A panicle grain weight, gr.
	Crop productivity, C/ha

	1 
	180
	197
	1.09
	28.9
	3.27
	64.4

	2 
	195
	211
	1.08
	27.6
	2.85
	60.1

	3 
	144
	156
	1.08
	27.2
	2.74
	47.9



According to experimental data, a correlation of rice yield (Y) on the water salinity of rice bays was established (r=0.983)
	Y = (2,6+4,8С) – 0,5С. С ≤ 2500 mg/l.
	(3)


where C is the salinity of rice bay water
The physics of negative effect of salts on the development of rice plants implies that salts increase the osmotic pressure of soil solutions, reduce transpiration, inhibit the ionization of mineral fertilizers, some of which remain in an undissociated state and therefore are inaccessible to rice plants, cells receive less water and dissolved elements of mineral nutrition.
Chemical elements that are unnecessary for the formation of biomass, such as sodium, chlorine, magnesium, and others, are deposited in vacuoles, which, growing, reduce the volume of the cytoplasm [19, 20]. In addition, all agronomic valuable properties of the soil deteriorate such as structure, water-holding capacity, aeration porosity, alkalinity, and mobility of organic compounds. Excess sodium leads to swelling of soil colloids, deterioration of coagulation and other negative consequences. To improve the conditions of rice plant development it is necessary to improve the environment, reduce the concentration of salts in water and soil of rice fields. It requires a change of water in rice bays, and water discharge with subsequent flooding from an irrigation canal.
On rice bays with propped filtration, the yield of rice is always lower than on rice bays with free outflow of ground water. The increased salt content in the water of rice bays and soil affects the cone of growth of the stem of rice plants and a decrease in yield, which we note in a rice field of 28 hectares (table 10). No more than 10% of the irrigated area is covered by such rice bays on the high second above-flood terrace of the Akdala rice system. The distribution of areas between plots without water discharge from rice paddies and with water change during the irrigation period can be calculated according to the dependence
	S1 = 
	(14)


where S is the total area of the rice irrigation system, ha;
n is the volume of water diverted from the rice paddy as a percentage of the irrigation rate.
With this accounting of areas in the rice system, optimal use of irrigation water, reduction of discharge runoff and supply of irrigation water from a water source is ensured. 
Waste-free rice irrigation technology helps to reduce the total amount of toxicants carried into water bodies, as there is a decrease in the volume of discharged waste water from rice crop rotations. Studies have shown that checks with propped filtration in order to preserve the yield of rice, it is necessary to discharge water, followed by flooding with water from the irrigation channel.




















4 Rice irrigation rate and water-salt balance of the rice field

4.1 Irrigation rate of rice
During the irrigation period, water supply to rice bays without water discharge in the Birlik agricultural Farm in 2018 was 21,396 m3/ha, while  in the Vladimir farm its rate was 26,800 m3/ha and 25,983 m3/ha in 2019 and 2020 respectively, the average rate of water supply for three years accounted to 24,720 m3/ha. Water supply to rice bays with water discharge during the irrigation period in the Birlik agricultural Farm in 2018 was 23,448 m3/ha, in the Vladimir farm in 2019 – 25,300 m3/ha, in 2020 – 21,109 m3/ha, the average value was 23,299 m3/ha (Table 10).
Table 10 - Water Supply to rice bays for the irrigation period, m3 / ha
	months
	Decade 
	Water Supply to rice bays without water discharge
	Water Supply to rice bays with water discharge

	
	
	2018
	2019
	2020
	average
	2018
	2019
	2020
	average

	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	May
	1
	-
	-
	5789
	5789
	-
	
	3887
	3887

	
	2
	6723
	-
	4493
	5608
	5525
	
	3568
	4547

	
	3
	766
	5037
	2376
	2727
	1209
	4850
	1400
	2487

	
	Total sum for a month 
	7489
	5037
	12658
	8395
	6734
	4850
	8855
	6813

	June
	1
	1412
	2720
	991
	1708
	2091
	1940
	791
	1608

	
	2
	205
	1212
	1367
	928
	1256
	2530
	1124
	1637

	
	3
	168
	5357
	1323
	2283
	668
	4700
	1210
	2193

	
	Total sum for a month 
	1785
	9288
	3681
	4918
	4015
	9170
	3125
	5437

	July
	1
	1610
	4320
	1642
	2524
	327
	4040
	1469
	1946

	
	2
	1422
	3888
	1728
	2346
	3688
	3600
	1685
	2991

	
	3
	1425
	2506
	1814
	1915
	1830
	2050
	1771
	1884

	
	Total sum for a month 
	4457
	10714
	5184
	6785
	5845
	9690
	4925
	6820

	August
	1
	706
	734
	1642
	1028
	2200
	680
	1512
	1464

	
	2
	2992
	734
	1728
	1818
	2298
	670
	1685
	1551

	
	3
	3967
	294
	1090
	1784
	2396
	240
	1007
	1215

	
	Total sum for a month 
	7665
	1762
	4460
	4629
	6894
	1590
	4204
	4230

	
	Water Supply to rice bays for the irrigation period
	21396
	26800
	25983
	24727
	23488
	25300
	21109
	23299



The hydromodule of the initial flooding of rice bays is equal to 6.4-7.8 l/s·ha, and during the maintenance of the water layer it was 1.9-3.6 l/s•ha.
The intensity of evaporation from the water surface of the rice bays decreases with the growth and development of rice, the highest value of evaporation occurs from the open water surface during the phases of tillering of the rice plant and is 80 m3/ha per day. Transpiration from rice plants increases as plants grow and develop. The highest value of transpiration from rice plants occurs during the earing or flowering phase and constitutes 92 m3/ha per day. Rice field evapotranspiration increases as rice plants grow and develop (Figure 8).

Figure 8 – Consumption from rice bays: 1 – evotranspiration (evaporation and transpiration), 2 – transpiration, 3 – evaporation.
The amount of water filtration from rice bays during the irrigation period varies. 
The highest value of water filtration from rice bays falls on the period of initial flooding of 45 mm/day, when the soil saturation of the aeration zone occurs. During the period of maintaining the water layer on rice bays without water discharge the filtration is 9-12 mm/day, and on rice bays with water discharge is 4-6 mm/day (Figure 9).

Figure 9-Filtration of water from rice bays during the irrigation period, 2018-2020: 1, 2-rice bays without water discharge, 3, 4-rice bays with water discharge.

4.2 Water and salt balance of the rice field
The water balance of  the experimental plots from the Birlik agricultural farm in 2018 from the Vladimir farm  in 2019 and 2020 were calculated by the equation (5)
	М + Р + Пг + Fос – Е - F – Д – От =  S
	(5)


where: М - volume of irrigation water supply; Р - amount of precipitation; Пг – flow from underground water to the irrigation array; Fin – filtration from irrigation network; Е – total mevaporation rate; F - the amount of filtration in the aeration zone; От – the outflow of groundwater;  S – imbalance. 
The water supply, evaporation, transpiration, filtration, drainage and discharge flow components of the rice field water balance are determined by weirs, vegetation vessels-lysimeters, and the inflow and outflow of ground water through wells-piezometers.
In the input of the water balance of rice bays without water discharge, water supply, precipitation and groundwater inflow amount to 22596 m3/ha in the Birlik agricultural Farm in 2018, in the Vladimir farm it was 27780 m3/ha in 2019 and 26793 m3/ha in 2020, the average value for three years on rice bays without water discharge was 25724 m3/ha. In rice fields with water discharge during the irrigation period, the water supply in 2018 was 24688 m3/ha, 27200 m3/ha in 2019, and 23179 m3/ha in 2020, the average value comprised 25023 m3/ha. In the expenditure part of the water balance, the total evaporation from rice crops in 2018 was 9,860 m3/ha, 10,180 m3/ha and 9,918 m3/ha in 2019 and, 2020 respectively. An average rate was 9,962 m3/ha, soil saturation of the aeration zone indicated at 2488 m3/ha, filtration of water from rice bays for the irrigation period was 10,157 m3/ha, drainage runoff and outflow of groundwater was 4,463 m3/ha. In rice bays with water discharge during the irrigation period, the water supply was 24,688 m3/ha in 2018, 27,200 m3/ha in 2019, and in 2020 it comprised 23,179 m3/ha, the average value was 25,023 m3/ha. Soil saturation of the aeration zone was 2,295 m3 / ha, evotranspiration rate was 9,962 m3/ha, filtration was 5,060 m3/ha, discharge flow was 1,700 m3/ha, drainage flow and outflow of groundwater indicated 4,917 m3/ha. The water balance discrepancy was 0.1-0.6% (Table 11).
Table 11 –Water balance of rice bays, m3/ha
	№
	Item 
	Rice bays without water discharge
	Rice bays with water discharge

	
	
	2018
	2019
	2020
	Average 
	2018
	2019
	2020
	Average

	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	Water input

	1
	Water supply
	21396
	26800
	25983
	24727
	23488
	25300
	21109
	23299

	2
	Precipitation and groundwater effluent
	1200
	980
	810
	997
	1200
	1900
	2070
	1724


Continuation of table 11
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	
	Total
	22596
	27780
	26793
	25724
	24688
	27200
	23179
	25023

	Water outflow

	1
	Soil saturation
	2700
	2400
	2364
	2488
	2700
	2350
	1835
	2295

	2
	Total evaporation and transpiration
	9860
	10108
	9918
	9962
	9860
	10108
	9918
	9962

	3
	Filtration
	7850
	11290
	11332
	10157
	4250
	3910
	7021
	5060

	4
	Discharge oulet
	-
	-
	-
	-
	2800
	1800
	480
	1700

	5
	Drainage runoff and outflow of ground water
	1180
	6300
	5910
	4463
	1490
	9400
	3860
	4917

	
	In total
	22590
	27698
	26623
	25637
	25210
	27568
	23114
	25297

	
	Imbalance 
	146
	82
	170
	133
	-52
	-368
	65
	-118

	
	
	0,6%
	0,3%
	-0,6%
	0,1%
	-0,2%
	-1,3%
	-0,3%
	-0,6%



The salt balance of rice bays during the period of rice cultivation was formed on the principle of settling the soil thickness of the aeration zone 180 cm (Figure 12). In 2018, on the lands of the Birlik agricultural Farm, on rice bays without water discharge, with the slightly saline soil, the salt content in the soil profile of the aeration zone of 180 cm was 0.2-0.3%, the removal of salts from the soil of the aeration zone for one year of rice cultivation was 54.5 t/ha.
On rice bays with water discharge, the soil is saline, the salt content in the aeration zone of 180 cm is 0.9-1.7%, the salt removal for one year of rice cultivation is 46.1 t / ha (Figure 12, Table 12).
On the land of the peasant farm "Vladimir" on rice bays without water discharge, the soil is slightly saline 0.2-0.3%, the removal of salts from the soil of the 180 cm aeration zone in 2019 was 16.32 t/ha, while in 2020 it was 29.7 t/ha. On rice bays with water discharge salt removal constituted 40.24 t/ha in 2019, and in 2020 it was 52.1 t/ha. On rice bays without water discharge, salt removal prevails over the 2018-2020 intake by 18.6 t/ha. On rice bays with water discharge during the irrigation period the prevalence was 30.3 t/ha. The balance discrepancy does not exceed 4.7%, within acceptable 7.0% (Table 12).
Table 12-Salt balance of rice bays, t/ha
	Elements of salt balance
	On rice bays without water discharge during the irrigation period
	On rice bays with water discharge on 1 July during the irrigation period 

	
	2018
	2019
	2020
	Average
	2018
	2019
	2020
	Average

	1
	2
	3
	4
	5
	6
	7
	8
	9

	S1 – stock of salts in the aeration zone before rice sowing 
	112.6
	33.62
	50.39
	65.54
	229.8
	57.15
	93.77
	126.91


Continuation of table 12
	S2 – arrival of salts with irrigation water
	12.2
	10.72
	13.0
	11.97
	12.8
	9.72
	10.6
	11.04

	S3 – arrival of salts from ground water 
	1.2
	2.4
	3.6
	3.0
	1.4
	7.0
	6.1
	4.83

	In total
	126.0
	46.74
	66.99
	80.51
	244.0
	73.87
	110.47
	142.78

	S5 – salt removal by filtration runoff
	49.1
	8.8
	19.0
	25.63
	38.1

	15.2
	24.8
	26.03

	S6 – salt removal by waste water
	-
	-
	-
	-
	5.2
	1.44
	1.2
	2.61

	S6 – salt removal by drainage runoff and groundwater outflow
	5.4
	7.52
	10.7
	7.87
	2.8
	23.6
	26.1
	17.5

	Total removal of salts from soils in the aeration zone
	54.5
	16.32
	29.7
	33.54
	46.1
	40.24
	52.1
	46.14

	S4 – stock of salts in the aeration zone after the rice harvest season
	76.2
	31.38
	35.97
	47.85
	199.9
	33.59
	53.41
	89.78

	IN TOTAL
	130.7
	47.7
	65.67
	81.39
	246.6
	73.83
	105.51
	141.98

	Balance sheet
	- 4.7
	-0.96
	1.32
	-0.88
	- 2.6
	0.04
	4.96
	0.8

	imbalance, %
	- 4.0
	2.2
	2.0
	-1.1
	- 1.3
	0.05
	4.7
	0.6
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Figure 12-Dynamics of salt content in soils of the aeration zone in spring before rice sowing (1) and in autumn after harvesting (2)
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5 Economic efficiency of rice cultivation by threshold critical indicators of water layer on rice bays
In the terms of irrigation water shortage, the development and implementation of water management technology in the Akdala rice system should ensure an increase in water availability for irrigated land and determine rice yield and profit growth per unit area of irrigated land. Economic efficiency for rice irrigation has been determined taking into account the critical threshold water values of irrigation norm for rice bays, with a minimum of unit costs per 1 m3.
Specific costs of water use technology implementation have been determined to assess its effectiveness for rice irrigation [21]. Unit costs per 1 ha are calculated using the formula

	

	(6)



where З – the total cost of the option, tg/ha; Зpr - the cost of preparatory work: planning, plowing, field levelling, rice sowing, tg/ha; Зop -the cost of water supplying to bays with reference to the water cost, tg/ha.
On rice bays, when rice is watered without water discharge, the rice yield in the Birlik agricultural farm was 52.4 C/ha in 2018, while in the Vladimir farm the yield index was  67.8 C/ha and  57.3 C/ha in 2019  and 2020 respectively. On these bays, the water layer is updated due to filtration runoff with an intensity of 8-12 mm/day. On rice bays, where the filtration runoff does not provide water renewal and water was discharged, the rice yield in the Birlik agricultural farm was 47.15 C / ha in 2018, in the farm Vladimir the yield rate was 48.2 C/ha in 2019 and  35.5 C/ha in 2020. During rice cultivating on the production cooperative of the Birlik and Vladimir agricultural Farms, water discharges are produced from all rice bays. The rice yield by years was 46.0 C/ha, 48.7 C/ha and 34.1 C/ha, respectively (Table 13).
Analysis of the calculations shows that with an increase in the irrigation rate, the cost for rice growing increases, and with an increase in the yield of rice, the cost of gross production also increases.
The cost of rice per 1 ha and the efficiency of rice irrigation technology (profit) is determined by the formula:
	


	
(7)



When justifying the efficiency of using irrigation water for rice irrigation, the investments allocated by the state for rice cultivation were taken into account. The economic efficiency of rice irrigation, taking into account the critical threshold indicators of water quality of rice bays, provides a profit of 81,478 tg/ha, and profitability of 21.7%. 
In production conditions, when water discharges from rice receipts were made without taking into account the critical threshold indicators for water salinity in bays, the profit was lower by 20,137 tg/ha and profitability by 10.7% in the Birlik agricultural farm. In the Vladimir farm the profit and profitability indexes wer lower by 38,678 tg/ha and 10.2% in 2019, and by 77,522 tg/ha and 7.9% in 2020 respectively (Table 13).
Table 13 - Economic efficiency of rice cultivation using irrigation technology, taking into account the threshold critical indicators of water layer salinity in rice bays

	indicator
	Rice bays without water discharge
	Rice bays with water discharge
	Weighted average
	Control, agricultural rice crops 
	discrepancy

	Data from Berlik agrofarm, year 2018

	area, ha
	48.2
	6.8
	55
	100 
	

	Rice yield, C/ha 
	52.4
	47.15
	51.8
	46.0
	5.8

	Irrigation rate, m3/ha
	21396
	23488
	21655
	29400
	- 7745

	Water consumption, m3/C
	408
	499
	418
	639
	- 221

	Production cost, tg/C
	5060
	5307
	5154
	5810
	- 656

	profit, tg/hа
	49256
	33250
	47277
	27140
	20137

	profitability,  %
	22.2
	18.6
	21.7
	11.0
	10.7

	Data from Vladimir farm, year 2019 

	area, ha
	25.2
	2.8
	28.0
	100 
	

	Rice yeild, C/ha 
	67.8
	48.2
	65.8
	48.7
	+17.1

	Irrigation rate, m3/ha
	26800
	25300
	26650
	31300
	- 4650

	Water consumption, m3/C
	395
	525
	405
	643
	- 238

	Production cost, tg/C
	5120
	5201
	5178
	5508
	- 330

	profit, tg/hа
	93564
	62612
	86988
	48310
	+38678

	profitability,  %
	26.9
	25.0
	25.5
	15.3
	+10.2

	Data from Vladimir farm, year 2020 

	area, ha
	15.9
	2.1
	18.0
	32 
	

	Rice yeild, C/ha 
	57.3
	35.5
	54.7
	34.1
	+20.6

	Irrigation rate, m3/ha
	25983
	21109
	25414
	29840
	- 4426

	Water consumption, m3/C
	467
	595
	465
	875
	- 410

	Production cost, tg/C
	5412
	5844
	5503
	6012
	- 509

	profit, tg/hа
	90189
	60780
	81470
	39480
	+77522

	profitability,  %
	33.6
	29.3
	27.1
	19.2
	+7.9



Socio-economic significance of the project is that the introduction of rice irrigation technology for critical threshold indicators of water quality of rice bays increases irrigation water savings by 20%, increases the profitability of rice production by 8-10%, and provides additional collection of unpolished rice from the Akdala rice system annually by more than 20 tons.
The environmental efficiency of the project implies reducing the discharge of water from rice paddies by 35%, which overflows the drainage channels and reduces their reclamation effect. As a result, the ground water level rises and secondary salinization of land adjacent to rice crops occurs.



























CONCLUSION
Rice irrigation systems in Kazakhstan are located in the basins of the Syrdarya, Ile, and Karatal rivers in a continental hot dry climate, with complex soil and hydrogeological conditions in the aeration zone of 2.0-3.0 m. On the fields, cooperatives and farms in the process of rice cultivation discharge water to reduce the temperature, salinity and pH levels of the water layer in rice bays. Unjustified discharges reduce the efficiency of water and land use in rice systems.
The experimental studies were carried out within the period of 2018-2020 at Akdalinsky rice system in the production cooperative of Birlik Agrofarm (2018) and in the Vladimir farm (2019 and 2020) to determine critical threshold  indicators for temperature, salinity and pH of rice fields’ water layer  that determine the need for water discharge in irrigation period.
It has been established by the experimental studies that:
	1. Temperature of the water layer of rice bays during the germination period of the rice plant is 28.3°C-30.5°C. In the months of June and July, during tillering and the release of the rice plant into the tube, the temperature of the water layer is 24.60°C-27.40°C, but in August it is 24.7°C. At this temperature, rice plants do not show signs of wilting or pinching in the development and growth phases. Flow and discharge of water from rice bays due to overheating of the water layer during the irrigation period in 2018-2020 were not carried out and should not be carried out in all rice-growing areas of Kazakhstan.
	2. Mineralization and chemical composition of rice bay water depends on the amount of water filtration from rice bays, due to which the removal of salts from the soil and the renewal of water in rice bays occurs. The salinity of water in rice bays during the irrigation period with filtration of 9-12 mm/day does not exceed 951 mg/l, the chemical composition of water is to be sulfate-bicarbonate-calcium-magnesium. According to the irrigation assessment [2], such water is considered to be of good quality; No signs of infringement in the growth and development of the rice plant during the growing season on these bays were observed. Water from these bays was not discharged during the irrigation period. 
	On rice bays, with water filtration during the irrigation period of 3-6 mm/day, water salinity increased to the critical toxicity threshold of 2,500 mg/l and amounted to 2,510 mg/l on 6 July 2018,  2,560 mg/l on 8 August; and 2,580 mg/l on 12 June 2019; 2,570 mg/l on 30 June 2020. The chemical composition of water is sodium-magnesium sulfate. With this mineralization and chemical composition, the first signs of wilting of the leaves of rice plants have been detected and on the specified dates, water was discharged from the rice bay, followed by flooding from the irrigation channel to the previous level.
	The alkaline pH medium of the water layer of rice bays in the Akdala rice system during the irrigation period does not exceed 7.9, which is lower than the critical threshold value of pH ≥11. No water was discharged from rice paddies during the irrigation period in terms of pH.
	3. Rice yield depends on water mineralization in rice bays, which affects the ontogeny of rice. On rice bays, when water is filtered during the irrigation period of 9-12 mm/day, salt removal from the soil is ensured and water is updated on rice bays, there are no infringements in the growth and development of rice plants, and water is not discharged during the irrigation period, the yield of rice in 2018 was 52.4 C/ha, 67.8 C/ha in 2019, and 57.3 C/ha 2020. In bays with water discharge, the yield of rice was lower and was 47.15 C/ha in 2018, 48.2 C/ha in 2019, and 35.5 C/ha in 2020. Of these bays, water filtration during the irrigation period was 3-6 mm/day, which does not provide salt removal and water renewal on rice bays.
	4. The irrigation rate of rice on bays without water discharge for 2018-2020 was 24,797 m3/ha, on bays with water discharge it comprised 23,299 m3/ha. In the water balance of rice bays without water discharge: soil saturation of the aeration zone was 2,488 m3/ha, total water consumption constituted 9,962 m3/ha, filtration outflow - 10,157 m3/ha, drainage runoff and groundwater outflow – 4,463 m3/ha. On rice bays with water discharge, the soil saturation of the aeration zone was 2,295 m3/ha, filtration outflow was 5060 m3/ha, drainage runoff and groundwater outflow were 4,917 m3/ha, and discharge flow from the rice bay was 1,700 m3/ha.
	5. Salt regime and balance of rice bays, of which the filtration runoff during the irrigation period was 9-12 mm/day, the land is medium and slightly saline, with a salt content of 0.2-0.6%, salt removal from the aeration zone of 180 cm for one year of rice cultivation was 33.54 t/ha. On rice fields, from which the filtration runoff during the irrigation period was 3-6 mm/day and water is discharged, the land is highly saline with a salt content of 0.9-1.7% in the spring before rice sowing, the removal of salts from the soil of the aeration zone of 180 cm for one year of rice cultivation was 46.14 t/ha. The salt regime and soil balance of the aeration zone of 180 cm, during the rice irrigation period is formed on the principle of soil desalination, in the autumn-winter and spring periods there was a redistribution of salts along the soil profile and salinization of the upper 0-80 cm soil layer, from ground water that lies at a depth of 1.5-2.0 m, with a mineralization of 5-12 g/l.
	6. Economic efficiency calculation for rice cultivation based on critical thresholds for  temperature, mineralization and pH of the water layer of rice bays provides profit and profitability per hectare above production crops by 77,522 tg and 7.9% respectively. When implementing the project development on the rice area of the Akdala rice system of 10 thousand hectares, the profit will comprise 814,700 thousand tenge, saving of irrigation water reached 44,260 thousand m3.
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Appendix 1
to Contract  №__ dated_______2018  
on grant

WORK SPECIFICATION AND WORK SCHEDULE 

On grant  №_____ dated __________________2018 

1. KAZAKH NATIONAL AGRARIAN UNIVERSITY

1.1 Priority: Rational use of natural resources, including water resources, geology, processing, new materials and technologies, safe products and constructions
1.2 Sub-priority: Water, Soil and Biological resources Management  
1.3 Project topic: № АР05131274 Improving the water resources efficiency in rice irrigation systems in Kazakhstan
1.4 Total project amount:  21 140 000 (twenty one million one hundred forty thousand) tenge, including  distribution by years  to complete the  work in accordance to  article 3:
- for 2018 – in amount of 7 000 000 (seven million) tenge;
- for 2019 – in amount of  7 063 000 (seven million sixty three thousand)  tenge;
- for 2020 -  in amount of 7 077 000 (seven million seventy seven thousand) tenge.

2. Characteristics for  scientific and technical products by qualification features and economic indicators
2.1 Project direction: Water saving and water consumption on rice irrigation systems
2.2 Area of application: Applied researches.
2.3 Final results: 
in 2018: 1 article issued in peer-reviewed Kazakhstani scientific publication, the following indicators discussed:
 - critical threshold indicators for t0, pH and C in the rice bays water layer, the frequency of water discharges from rice bays during the irrigation period
- indicators of rice yield when discharging water from rice bays according to permissible threshold indicators during the irrigation period
- indicators of the water and salt balance of the experimental plot during water discharges from rice bays during the irrigation period according to critical threshold indicators
in 2019: 1 article published in peer-reviewed foreign scientific journal with zero impact factor and 1 article in journal recommended by QCSES MES RK. The following indicators discussed:
 - critical threshold indicators for t0, pH and C in the rice bays water layer, the frequency of water discharges from rice bays during the irrigation period due to changes in natural and climatic conditions of the year
- indicators of rice yield during water discharges from rice bays according to permissible threshold indicators during the irrigation period, due to changes in natural and climatic conditions of the year
- indicators of water and salt balance of the experimental site during discharges of water from rice bays in the irrigation period according to critical threshold indicators, due to changes in the natural and climatic conditions of the year.
- in 2020: The results of scientific research project are reflected  in “Recommendations for growing rice in terms of discharging water from rice bays by critical threshold indicators of water composition”, 2 articles in a peer-reviewed Kazakhstani scientific publication. The following indicators discussed:
 - critical threshold indicators for t0, pH and C of the water layer in rice bays, the frequency of water discharges from rice bays during the irrigation period,
- indicators for rice yield when discharging water from rice bays according to permissible threshold indicators during the irrigation period
- indicators for  water and salt balance on the experimental plot during water discharges from rice bays during the irrigation period in accordance with critical threshold indicators, 
- indicators of the efficiency of water and land resources in the cultivation of rice with water discharges from rice bays during the irrigation period according to the critical threshold indicators of the composition of the water layer.
2.4 Patentability: no
2.5 Scientific and technical level (novelty): The scientific novelties of the project establish critical threshold indicators of the water composition on rice bays, when exceeded, water is discharged (changed) on rice bays, reduce unjustified discharges of water, and improve the reclamation effect of drainage and increase rice yield.
2.6 The scientific and technical products are applied by: rice growers of the Republic of Kazakhstan.
2.7 Type of application for the result of scientific and technical activities: the results of the research work will be widely used by rice growing farms and cooperatives of the Republic of Kazakhstan.
3. Description of activities, terms of their implementation and results
	Number of a task or a stage
	description of an activity under the Contract and the main stages of its implementation
	Deadline 
	Expected result

	
	
	start
	end
	

	1
	Scientific justification  for technological water discharges from rice bays by temperature, pH and salinity (C) of the water layer  
	January 2018 
	1 November 2018
	Critical threshold indicators for t0, pH and C for the water layer of rice bays, the frequency of water discharges from rice bays during the irrigation period are to be  determined

	2
	Establishing critical periods in rice ontogeny during the growing season according to critical threshold indicators of water quality in rice bays in growing vessels
	
May 
2018 
	September 2018
	Rice yield indicators are to be determined during water discharges from rice bays according to permissible threshold indicators in the irrigation period

	3
	Water and salt balance regime of the 10 hectares experimental plot with water discharges from rice bays according to critical threshold indicators for the  water layer composition 
	
April 2018
	1 November 2018
	water and salt balance indicators for the experimental site are to be determined during water discharges from rice bays in  the irrigation period according to critical threshold indicators

	4
	Determining the economic efficiency of rice cultivation by discharging water from rice bays during the irrigation period in accordance with critical threshold indicators
	April 2018
	1 November 2018
	Indicators for the efficiency of water and land resources to grow rice are to be determined  during  water discharges from rice bays in the irrigation period according to critical threshold indicators for the water layer composition 

	1
	Scientific justification  for technological water discharges from rice bays by temperature, pH and salinity (C) of the water layer  
	January 2019
	1 November 2019
	Critical threshold indicators for t0, pH and C of the water layer from rice bays, the frequency of water discharges from rice bays during the irrigation period are to be determined

	2
	Establishing critical periods in rice ontogeny during the growing season according to critical threshold indicators of water quality in rice bays in growing vessels
	
May 
2019 
	September 2019 
	Rice yield indicators under the terms of water discharges from rice bays according to permissible threshold indicators in the irrigation period are to be determined

	3
	Water and salt balance regime of the 10 hectares experimental plot with water discharges from rice bays according to critical threshold indicators for the  water layer composition
	
April 2019

	1 November 2019
	Indicators for  water and salt balance of the experimental site under the terms of water discharges from rice bays in the irrigation period according to critical threshold indicators are to be determined

	4
	Determining the economic efficiency of rice cultivation by discharging water from rice bays during the irrigation period in accordance with critical threshold indicators
	April 2019
	1 November 2019
	Indicators for the efficiency of water and land resources to grow rice during  water discharges from rice bays in the irrigation period according to critical threshold indicators for the water layer composition are to be determined  

	1
	Scientific justification  for technological water discharges from rice bays by temperature, pH and salinity (C) of the water layer  
	January 2020 
	1 November 2020 
	Critical threshold indicators for t0, pH and C of the water layer from rice bays, the frequency of water discharges from rice bays during the irrigation period are to be determined

	2
	Establishing critical periods in rice ontogeny during the growing season according to critical threshold indicators of water quality in rice bays in growing vessels
	May 
2020 
	September 2020 
	Rice yield indicators under the terms of water discharges from rice bays according to permissible threshold indicators in the irrigation period are to be determined

	3
	Water and salt balance regime of the 10 hectares experimental plot with water discharges from rice bays according to critical threshold indicators for the  water layer composition 
	April 2020 
	1 November 2020
	Indicators for  water and salt balance of the experimental site under the terms of water discharges from rice bays in the irrigation period according to critical threshold indicators are to be determined

	4
	Determining the economic efficiency of rice cultivation by discharging water from rice bays during the irrigation period in accordance with critical threshold indicators
	April 2020
	1 November 2020 
	Indicators for the efficiency of water and land resources to grow rice during  water discharges from rice bays in the irrigation period according to critical threshold indicators for the water layer composition are to be determined  



	For and behalf of the Customer:                                                      
«Committee of Science of  the Ministry of Education and Science of the RK»
State Department  Deputy Chairman

_________________ Abdrasilov B.S.
      signature

	For and behalf of the Contractor:
Vice-rector for Finance & Legal Issues 

________________Kaldybalina G.M. 
              signature                
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Project Scientific Supervisor 
  ___________________ Rau A.G.
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Recommendations on improving efficiency of water resourses use on rice systems of Kazakhstan
[image: C:\Users\user\Desktop\МОН РК\Закл 2020\скан рекомендации 2020_page-0001.jpg]



[image: C:\Users\user\Desktop\МОН РК\Закл 2020\скан рекомендации 2020_page-0002.jpg]


[image: C:\Users\user\Desktop\МОН РК\Закл 2020\скан рекомендации 2020_page-0003.jpg]


[image: C:\Users\user\Desktop\МОН РК\Закл 2020\скан рекомендации 2020_page-0004.jpg]


[image: C:\Users\user\Desktop\МОН РК\Закл 2020\скан рекомендации 2020_page-0005.jpg]


[image: C:\Users\user\Desktop\МОН РК\Закл 2020\скан рекомендации 2020_page-0006.jpg]


[image: C:\Users\user\Desktop\МОН РК\Закл 2020\скан рекомендации 2020_page-0007.jpg]


[image: C:\Users\user\Desktop\МОН РК\Закл 2020\скан рекомендации 2020_page-0008.jpg]


[image: C:\Users\user\Desktop\МОН РК\Закл 2020\скан рекомендации 2020_page-0009.jpg]


[image: C:\Users\user\Desktop\МОН РК\Закл 2020\скан рекомендации 2020_page-0010.jpg]


APPENDIX C 
Published work [image: C:\Users\user\AppData\Local\Temp\Rar$DRa6492.45195\Рау А.Г., Кадашева Ж.К., Рау Г.А., Ануарбеков, Меранзова Р с содержанием_page-0001.jpg]
[image: C:\Users\user\AppData\Local\Temp\Rar$DRa6492.45195\Рау А.Г., Кадашева Ж.К., Рау Г.А., Ануарбеков, Меранзова Р с содержанием_page-0002.jpg]


[image: C:\Users\user\AppData\Local\Temp\Rar$DRa6492.45195\Рау А.Г., Кадашева Ж.К., Рау Г.А., Ануарбеков, Меранзова Р с содержанием_page-0003.jpg]


[image: C:\Users\user\AppData\Local\Temp\Rar$DRa6492.45195\Рау А.Г., Кадашева Ж.К., Рау Г.А., Ануарбеков, Меранзова Р с содержанием_page-0004.jpg]


[image: C:\Users\user\AppData\Local\Temp\Rar$DRa6492.45195\Рау А.Г., Кадашева Ж.К., Рау Г.А., Ануарбеков, Меранзова Р с содержанием_page-0005.jpg]


[image: C:\Users\user\AppData\Local\Temp\Rar$DRa6492.45195\Рау А.Г., Кадашева Ж.К., Рау Г.А., Ануарбеков, Меранзова Р с содержанием_page-0006.jpg]


[image: C:\Users\user\AppData\Local\Temp\Rar$DRa6492.45195\Рау А.Г., Кадашева Ж.К., Рау Г.А., Ануарбеков, Меранзова Р с содержанием_page-0007.jpg]


[image: C:\Users\user\AppData\Local\Temp\Rar$DRa6492.45195\Рау А.Г., Кадашева Ж.К., Рау Г.А., Ануарбеков, Меранзова Р с содержанием_page-0008.jpg]


[image: C:\Users\user\AppData\Local\Temp\Rar$DRa6492.45195\Рау А.Г., Кадашева Ж.К., Рау Г.А., Ануарбеков, Меранзова Р с содержанием_page-0009.jpg]


[image: C:\Users\user\AppData\Local\Temp\Rar$DRa6492.45195\Рау А.Г., Кадашева Ж.К., Рау Г.А., Ануарбеков, Меранзова Р с содержанием_page-0010.jpg]



[image: C:\Users\user\AppData\Local\Temp\Rar$DRa6492.45195\Рау А.Г., Кадашева Ж.К., Рау Г.А., Ануарбеков, Меранзова Р с содержанием_page-0011.jpg]
[image: C:\Users\user\AppData\Local\Temp\Rar$DRa6612.22239\Rau_2020_IOP_Conf._Ser.__Earth_Environ._Sci._548_022061\Rau_2020_IOP_Conf._Ser.__Earth_Environ._Sci._548_022061-1.jpg]
[image: C:\Users\user\AppData\Local\Temp\Rar$DRa6612.22239\Rau_2020_IOP_Conf._Ser.__Earth_Environ._Sci._548_022061\Rau_2020_IOP_Conf._Ser.__Earth_Environ._Sci._548_022061-2.jpg]


[image: C:\Users\user\AppData\Local\Temp\Rar$DRa6612.22239\Rau_2020_IOP_Conf._Ser.__Earth_Environ._Sci._548_022061\Rau_2020_IOP_Conf._Ser.__Earth_Environ._Sci._548_022061-3.jpg]


[image: C:\Users\user\AppData\Local\Temp\Rar$DRa6612.22239\Rau_2020_IOP_Conf._Ser.__Earth_Environ._Sci._548_022061\Rau_2020_IOP_Conf._Ser.__Earth_Environ._Sci._548_022061-4.jpg]


[image: C:\Users\user\AppData\Local\Temp\Rar$DRa6612.22239\Rau_2020_IOP_Conf._Ser.__Earth_Environ._Sci._548_022061\Rau_2020_IOP_Conf._Ser.__Earth_Environ._Sci._548_022061-5.jpg]


[image: C:\Users\user\AppData\Local\Temp\Rar$DRa6612.22239\Rau_2020_IOP_Conf._Ser.__Earth_Environ._Sci._548_022061\Rau_2020_IOP_Conf._Ser.__Earth_Environ._Sci._548_022061-6.jpg]


[image: C:\Users\user\AppData\Local\Temp\Rar$DRa6612.22239\Rau_2020_IOP_Conf._Ser.__Earth_Environ._Sci._548_022061\Rau_2020_IOP_Conf._Ser.__Earth_Environ._Sci._548_022061-7.jpg]


[image: C:\Users\user\AppData\Local\Temp\Rar$DRa6636.701\2020_1 Рау А.Г., Кадашева Ж.К., Калыбекова Е.М\2020_1 Рау А.Г., Кадашева Ж.К., Калыбекова Е.М.-01.jpg]


[image: C:\Users\user\AppData\Local\Temp\Rar$DRa6636.701\2020_1 Рау А.Г., Кадашева Ж.К., Калыбекова Е.М\2020_1 Рау А.Г., Кадашева Ж.К., Калыбекова Е.М.-02.jpg]


[image: C:\Users\user\AppData\Local\Temp\Rar$DRa6636.701\2020_1 Рау А.Г., Кадашева Ж.К., Калыбекова Е.М\2020_1 Рау А.Г., Кадашева Ж.К., Калыбекова Е.М.-04.jpg]


[image: C:\Users\user\AppData\Local\Temp\Rar$DRa6636.701\2020_1 Рау А.Г., Кадашева Ж.К., Калыбекова Е.М\2020_1 Рау А.Г., Кадашева Ж.К., Калыбекова Е.М.-05.jpg]


[image: C:\Users\user\AppData\Local\Temp\Rar$DRa6636.701\2020_1 Рау А.Г., Кадашева Ж.К., Калыбекова Е.М\2020_1 Рау А.Г., Кадашева Ж.К., Калыбекова Е.М.-06.jpg]


[image: C:\Users\user\AppData\Local\Temp\Rar$DRa6636.701\2020_1 Рау А.Г., Кадашева Ж.К., Калыбекова Е.М\2020_1 Рау А.Г., Кадашева Ж.К., Калыбекова Е.М.-07.jpg]


[image: C:\Users\user\AppData\Local\Temp\Rar$DRa6636.701\2020_1 Рау А.Г., Кадашева Ж.К., Калыбекова Е.М\2020_1 Рау А.Г., Кадашева Ж.К., Калыбекова Е.М.-08.jpg]


[image: C:\Users\user\AppData\Local\Temp\Rar$DRa6636.701\2020_1 Рау А.Г., Кадашева Ж.К., Калыбекова Е.М\2020_1 Рау А.Г., Кадашева Ж.К., Калыбекова Е.М.-09.jpg]


[image: C:\Users\user\AppData\Local\Temp\Rar$DRa6636.701\2020_1 Рау А.Г., Кадашева Ж.К., Калыбекова Е.М\2020_1 Рау А.Г., Кадашева Ж.К., Калыбекова Е.М.-10.jpg]


[image: C:\Users\user\AppData\Local\Temp\Rar$DRa6636.701\2020_1 Рау А.Г., Кадашева Ж.К., Калыбекова Е.М\2020_1 Рау А.Г., Кадашева Ж.К., Калыбекова Е.М.-11.jpg]


[image: C:\Users\user\AppData\Local\Temp\Rar$DRa5588.20862\2020_2 conf Рау А.Г., Кадашева Ж.К., Калыбекова Е.М., Такиева Ж.М\2020_2 conf Рау А.Г., Кадашева Ж.К., Калыбекова Е.М., Такиева Ж.М.-1.jpg]


[image: C:\Users\user\AppData\Local\Temp\Rar$DRa5588.20862\2020_2 conf Рау А.Г., Кадашева Ж.К., Калыбекова Е.М., Такиева Ж.М\2020_2 conf Рау А.Г., Кадашева Ж.К., Калыбекова Е.М., Такиева Ж.М.-2.jpg]


[image: C:\Users\user\AppData\Local\Temp\Rar$DRa5588.20862\2020_2 conf Рау А.Г., Кадашева Ж.К., Калыбекова Е.М., Такиева Ж.М\2020_2 conf Рау А.Г., Кадашева Ж.К., Калыбекова Е.М., Такиева Ж.М.-3.jpg]


[image: C:\Users\user\AppData\Local\Temp\Rar$DRa5588.20862\2020_2 conf Рау А.Г., Кадашева Ж.К., Калыбекова Е.М., Такиева Ж.М\2020_2 conf Рау А.Г., Кадашева Ж.К., Калыбекова Е.М., Такиева Ж.М.-4.jpg]


[image: C:\Users\user\AppData\Local\Temp\Rar$DRa5588.20862\2020_2 conf Рау А.Г., Кадашева Ж.К., Калыбекова Е.М., Такиева Ж.М\2020_2 conf Рау А.Г., Кадашева Ж.К., Калыбекова Е.М., Такиева Ж.М.-5.jpg]


[image: C:\Users\user\AppData\Local\Temp\Rar$DRa5588.20862\2020_2 conf Рау А.Г., Кадашева Ж.К., Калыбекова Е.М., Такиева Ж.М\2020_2 conf Рау А.Г., Кадашева Ж.К., Калыбекова Е.М., Такиева Ж.М.-6.jpg]


[image: C:\Users\user\AppData\Local\Temp\Rar$DRa5588.20862\2020_2 conf Рау А.Г., Кадашева Ж.К., Калыбекова Е.М., Такиева Ж.М\2020_2 conf Рау А.Г., Кадашева Ж.К., Калыбекова Е.М., Такиева Ж.М.-7.jpg]


[image: C:\Users\user\AppData\Local\Temp\Rar$DRa5588.20862\2020_2 conf Рау А.Г., Кадашева Ж.К., Калыбекова Е.М., Такиева Ж.М\2020_2 conf Рау А.Г., Кадашева Ж.К., Калыбекова Е.М., Такиева Ж.М.-8.jpg]


average annual	May 	June	July	August	September	16.8	22	24.1	22	15.8	2018	May 	June	July	August	September	16	21.6	23.8	21.7	15.8	2019	May 	June	July	August	September	17.399999999999999	23.5	27.4	25.4	15.9	2020	May 	June	July	August	September	20.6	23.6	26.1	24.6	15.9	Столбец1	2600	2800	3000	3300	3099	4.2	5	5.4	6.6	5.76	Оросительный канал	18.05.	20.05.	22.05.	24.05.	26.05.	28.05.	30.05.	02.06.	04.06.	06.06.	08.06.	10.06.	12.06.	14.06.	16.06.	18.06.	20.06.	22.06.	24.06.	26.06.	28.06.	30.06.	02.07.	04.07.	06.07.	08.07.	10.07.	12.07.	14.07.	16.07.	18.07.	20.07.	22.07.	24.07.	26.07.	28.07.	30.07.	02.08.	04.08.	06.08.	08.08.	10.08.	12.08.	14.08.	16.08.	18.08.	20.08.	22.08.	24.08.	26.08.	28.08.	341	323	334	340	324	346	346	363	356	429	398	387	384	400	493	497	447	404	473	449	425	422	480	458	456	454	432	494	421	451	490	442	490	418	418	418	458	496	484	437	425	432	445	441	458	444	474	446	455	477	470	Среднее из 9 чеков	18.05.	20.05.	22.05.	24.05.	26.05.	28.05.	30.05.	02.06.	04.06.	06.06.	08.06.	10.06.	12.06.	14.06.	16.06.	18.06.	20.06.	22.06.	24.06.	26.06.	28.06.	30.06.	02.07.	04.07.	06.07.	08.07.	10.07.	12.07.	14.07.	16.07.	18.07.	20.07.	22.07.	24.07.	26.07.	28.07.	30.07.	02.08.	04.08.	06.08.	08.08.	10.08.	12.08.	14.08.	16.08.	18.08.	20.08.	22.08.	24.08.	26.08.	28.08.	329	323	323	302	289	293	363	458	437	433	464	499	485	490	495	498	443	501	566	527	589	522	515	506	579	579	596	589	503	506	501	520	539	539	539	570	518	537	539	551	587	593	612	610	637	620	612	614	663	656	778	Рисовый чек №8	18.05.	20.05.	22.05.	24.05.	26.05.	28.05.	30.05.	02.06.	04.06.	06.06.	08.06.	10.06.	12.06.	14.06.	16.06.	18.06.	20.06.	22.06.	24.06.	26.06.	28.06.	30.06.	02.07.	04.07.	06.07.	08.07.	10.07.	12.07.	14.07.	16.07.	18.07.	20.07.	22.07.	24.07.	26.07.	28.07.	30.07.	02.08.	04.08.	06.08.	08.08.	10.08.	12.08.	14.08.	16.08.	18.08.	20.08.	22.08.	24.08.	26.08.	28.08.	1190	1170	1170	1090	1040	1060	1310	1590	2200	2210	2330	2430	2530	705	803	840	860	890	880	910	896	930	937	936	935	937	938	940	990	1010	1009	1011	1014	1020	1030	1028	1035	1038	1040	1120	1140	1152	1140	1160	1301	1204	1203	1209	1210	1240	1302	Рисовый чек с о сбросом воды	18.05	20.05	22.05	24.05	26.05	28.05	30.05	2.06	4.0599999999999996	6.06	8.06	10.06	12.06	14.06	16.059999999999999	18.059999999999999	20.059999999999999	22.06	24.06	26.06	28.06	30.06	2.0699999999999998	4.07	6.07	8.07	10.07	12.07	14.07	16.07	18.07	20.07	22.07	24.07	26.07	28.07	30.07	2.08	4.08	6.08	8.08	10.08	12.08	14.08	16.079999999999988	18.079999999999988	20.079999999999988	22.08	24.08	26.08	28.08	30.08	1380	1332	1417	1465	1435	1472	1542	1407	1440	1337	1272	1305	1262	1295	1465	1427	1502	1752	1917	2035	2327	2675	707	750	825	932	1077	1005	1245	1310	1427	1445	1320	1465	1477	1455	1385	1440	1455	1422	1600	1617	1337	1390	1347	1505	1455	1422	1455	1665	2080	2305	Рисовые чеки без сброса воды	18.05	20.05	22.05	24.05	26.05	28.05	30.05	2.06	4.0599999999999996	6.06	8.06	10.06	12.06	14.06	16.059999999999999	18.059999999999999	20.059999999999999	22.06	24.06	26.06	28.06	30.06	2.0699999999999998	4.07	6.07	8.07	10.07	12.07	14.07	16.07	18.07	20.07	22.07	24.07	26.07	28.07	30.07	2.08	4.08	6.08	8.08	10.08	12.08	14.08	16.079999999999988	18.079999999999988	20.079999999999988	22.08	24.08	26.08	28.08	30.08	558	565	576	575	574	582	580	575	583	589	520	526	579	576	576	582	584	568	560	575	554	592	676	577	664	644	646	642	626	600	576	572	577	580	576	565	530	588	591	601	594	585	562	573	576	570	568	578	576	593	610	623	Оросительный канал	18.05	20.05	22.05	24.05	26.05	28.05	30.05	2.06	4.0599999999999996	6.06	8.06	10.06	12.06	14.06	16.059999999999999	18.059999999999999	20.059999999999999	22.06	24.06	26.06	28.06	30.06	2.0699999999999998	4.07	6.07	8.07	10.07	12.07	14.07	16.07	18.07	20.07	22.07	24.07	26.07	28.07	30.07	2.08	4.08	6.08	8.08	10.08	12.08	14.08	16.079999999999988	18.079999999999988	20.079999999999988	22.08	24.08	26.08	28.08	30.08	576	586	599	578	569	589	576	556	599	574	567	567	571	582	591	597	586	584	576	589	589	571	576	599	593	586	589	593	584	580	561	578	574	576	569	580	466	580	578	589	576	584	498	582	586	589	580	582	582	591	608	591	Испарение	Май	Июнь	Июль	Август	32	63	339	463	809	820	751	613	341	446	250	146	Транспирация	Май	Июнь	Июль	Август	2	23	90	188	190	183	499	597	659	644	916	854	Испарение и транспирация	Май	Июнь	Июль	Август	34	86	429	651	999	1003	1250	1210	1000	1090	1166	1000	Испарение, транспирация и фильтрация 2018	Май	Июнь	Июль	Август	25	17.600000000000001	11.7	9.91	9.8000000000000007	9.5	9.1	9	8.8000000000000007	8.9	8.5	7	Фильтрация 2019	Май	Июнь	Июль	Август	13	6.8	5.5	4.3	3.8499999999999988	3.55	3.3	3.3	3.2	Испарение, транспирация и фильтрация 2019	Май	Июнь	Июль	Август	23.7	12.4	10.5	8.8000000000000007	8.9500000000000028	8.9	8.75	7.8	5	64

image5.png




image76.jpeg
QNS oS 2911 paudLIOYS - | 2anFLy

[T T I -

5
H
3
&

[ et
PO ety e o
Py

D ariamy
et —

P
ooty worrrdacos

s nd veasen sy et vowins
P ———

e x weoed) o o gean e 3
53wl v e emvocevdaco ot svaesed

odeniong
[T —

o
G2

) POpUALILID §1 g
EPYV 21 10 2011 Jo spaIS Y1y 198 o
“pouad uonesL ay Fuunp Keq 2o
Wiy 13e] JDIEA A1 JO MO[INO UONEAI|L] A U0 puadap s1om:
put* vonee 13§ *amiesadwal 10] 3, € 48 S48 2014 U1 1AL JO SIOWDPUI POYSHIY)
[EIID QYL 1Y) PAYSIGEISD DAY [£ *9 “€ “F °¢ T *1] SAIPMS Ay “$46q 204 woyy w27
01 Sussaoau Saw03aq 1 *PaparNa sivawELd AL UAYAY PIZUNNIIS UG IATY NN S5
I nuies “2nieaada) Joj SIIROIpUI PloYsaI (BN Ay “1afosd Ay

1sAs 2011

POO]] JO PO PAUILIOYS © U

ur oy

uppd

SWISKS UONERLLI 2911 1 UF SN SIUN0SA 1M Jo KUDAAIYJD AY) FuseasdU, P
N2y Y1 JO U Pur UONEIN J0 NS ) Kq pasurury Apns 1afoud e © ploy an
WIS DI BRPYV A1 10J PRI 11 J0 UOIEUILLNIP DI PUE SITIISIP d[GRUOSERIIN
“UONRANIND DL J0J IDMBM UONERLN JO SIS0 jUED)

J0 91
0T0T-810T
qum paero:

ap o ang
“081-C1 Aq saseanap
PIAL 20U 21 put: *94cz-07 4 a1 0 paysea 2 sz [esaun payjdde

341 J0 940¢ 01 dn 1A Jo Moy pur SRaeydsIp A1 YA uadis Ay jou soop sapiued up upd

Joul uones,

o1 seq 1 U1 a1 J0 eI A 2INPaT $42q 2D WO LA [0 MOY PUE SIFIYISIC]

SUIASAS 2911

PS SIEPUO3AS PUE JAIMPUNOIT JO [2A3] Y1 Ut ISH © SISNED SjoUURYD
WO[1I2A0 AL, “dn 15 A1 S 20w WOy oM jo saRIEISI

0 v
Beuresp ay) wos
PUB SMOLJ 901 [0 UOIEARID Y1 Fupnp SUONPUOD Plal uf “IpuLgsny [ewiup oj sownday
pue e *Key 0] BIRIR 1O 1y / 0Z] MW PUR By /309 J0 204 Jo SIS Yy sopiaoad Jisseur
UOERLLL RIEPYY A1 JO SUOIIPUOD DIV PUR [10S AL "SR punsnoy) oz o) dn pastaiau
99 01 21t SA0IY 23U PUR “SAUTIIA PUISHOY) FEF OF PISTAUUL 3 UED TR PIIEFLL A1 “damng

QYL U] "0 YA PAIIA0D K[[ENULE I SDIIIY PUBSIOY) O] TNOGE YIIYM O *SAIIAY PUEsnoyl |¢ St

00 PAIFLLL £10] U] 1 UONRAIIND 20U 10§ BE FUISIWOAA © 1 JISSTw Pl BEpYV AU |

B

LT D~ TN - "LO0Z ~ ML
vand 890§ XHNEII 1 XINO2 I OTITAON000 ¥ “F'Y SOMEIIY “17-¢] H0N
“LESE D~ 1N - €00~ HXOVd
101OHO-0 101N, “y°g] HOUO| 6
61-L1 7D '9102
HoNEIAIY “SpUT] AuLfEs U FFojouan 01 DY ey §
() $£ZS-FTZT NSSI "(UIUO) X0LI-815T NSSI
P/ €11~ 201 *(6100) b AGUINN T AWnjoA “sa0u
S Jo Awapray N
A Jo swaN o [Squ ue| pauteip pue poIEALL [ayI0se], U0 uoreiado wial-Fuop
19pun CIKES (108 puR SWIRDI [BAWAY 0IPAY JNEMPUNOID) (6107) BAONT
SA BAOURGZAYR "LV “Aoseddey N SEIN WA A9
0ZLTTI0Z0T w7y
g [EN0f s U] “0ZLEE] 0202 1AV T UIUO JIGEIITAY S[PUAIE} SNOPIBZEL] JO [Pumop
“SANOD FUIMOIR-20U U SwsEs 220-105 Apprd Ui voNEUIRIIY AWl 2261 Jo Sutodpua pue
ABYDQ [EAILDYD DISEY Y1 O MILADI AAISUAYAIdWO)) (0Z0Z) ‘Fuep usfnyz
X U nf prwegnpy Fueyy engy ‘oe

a1 /7 somkod < simsodiied iodi N

¢ anssewnof s

€EXOLI-8IST610T/H10TE 01 /310
[Eatuya31 pue $Fojoa o SaLaS UMISYUZEY Jo jqnday oy jo saou

3 [quieyyz jo s

*5552001d “$204108 *S10
Fua.g mquix ‘Joosiy

6102 {muga. g anssp ‘g1 au
s 10s 10 viep Josuds
Suayz-FuoA DNV Buei-e ‘1] fu

A B CONHHD
NONZ WA “ONY uek ¢
SO0°60°810T 2391 01°01/710°10p//:5dny
“T01-06 $7ed ‘Y10T 19qUIDIA(] | "$9T AUNJOA WDWUOIAL] 3 SWSS0] “UMMILFY “Urseq
SUONDIY JAMO] A} JO AW AULIUOUS B UL MOLINO JDEWPUNOIF (011U SIUWBULP 32
Funovaa] (3107) WILARA UPNSLY) ‘FunoyFurnaymFuag 1ojo “yeppuxin| auopngy
LIAQUON “UON|| WIEA|SS “AYPNOJY [INUBWILE] “YIND]IN0S TRWESUNOE N0y P YAUUY
V' *2quuoa] AWNRIING “1Zj0gR] PO
1£61 B10r0d1I 1 BILI0r0d0ALAN "ol HoNdHENTdIIY
wiora$ xndiiedannar wmsie O g 189 €
685k D *(£€) 98 ¥ISUg "RL61 HIN.IMHAYD 14
Na1 H120MIR0030 AdOLONAF| X HILLIATOY T
[ (QHRIDNERY 8) AIRINHIN WOHILT

n put
an

1RGO LA "L U
T66786 9 80
wod< i

-oarog  vand 150

wron oxomoond eniead otond<ieds
389116961 “IerEHIaNOdIH |
dor wmminedsiodin wnora$ omoonmenmodiy py dovnoveuey, |

vond





image77.jpeg
anyya ope|y g s

JuALNSUL 01 0P § Ul ASEAINA(] “SASBAINP 20U JO PIAIS Ay *Aep / Wi g mojoq skeq

3 woa) 1098 B[ A Y / €W 0T | [-0SE WO} SOPIA SIUEA PUE BRI AU JO HRLUILIP A
pue ped au1 Jo 1Ay 2y uo spuadap powad uoneBL ay) Fuwnp skeq 2w woy onEL]

©U /9 €459 SE PIALE 31 220Dy S99 9911 W0y sAR IS

91 G UMOIR S 2011 PUT |/ Bt )0ST A[AERO[E UL YA | / W (06 PAIIND 0 S20P St
91N 10U 0 8P /W (] $t PoLid UONERLL A1 BULINP NNy Jaes AN SN ()

ur 2BuEyaxa 1M

DEUYISIP DIOW YN STDG 291 = 7 SBADYISIP AWM JHOYIN $AG 290 - |

02028102 Porsad woupStes ays Surimp siog 2014 w0 42ipafo UOUDUILY - § 241517

o e “wonwnsy

o

“SORIRYISIP FIRLINS LY FANILJD MO S
WOI] UOHEA[L] AL TRY) POYSIGUISD DARY (0] “6 ‘8] SAPNIS “0681-C| £q PILS 2w
Q) 5aSLAIDUL put 1DRR] BN DY JO dunar amesaduwal ayr savosdwy ‘siziniay [eaun pardde
a1 J0 %001 asn 01 siued 201 A SWO) RIRUISID JO 22UASQR A1 “[108 A1
O 39821 1001 AU WOI) PIAOWI D1 SPUNOALLIOD AJULITY PUE 1N PAYSEA AL SPUE| Aur[Es “WorEn]L]
01 anp pue ‘o1 UONEWEON € S| oW put Sep / W o] ores 1
HOUS YU 201y (€ 2anF1) Kep / ww ()] JO uonEI|L SI WD ¢ pue :c:EEEE, pure uonriodead uo
SIIBS WO € YAIYM JO “DI0W 10 WD § ST SSTP € 10] YA Ay 101EA D1 UL ASEAIIAP AL 1 S
¢ 40J SORNEF 21N FUISH YIUOW B 30UO SO ) U1 [AI] JATEA ) UL ISENDIP UL AN
o1 Ksy 2y uo adey ol g BuEurEw o powad a1 FuLng
WD (] 01 € WOy S 1248] AL U 2L J0 UOSEAS FUIM0IT
a1 wo Fujpuadap “popiad woreRL Ay Fuung ‘940¢4q A A PAPOOL 1 3032 U U [43]
JOIEA QU YIAL PAUTIR ST (11 DY) JO 037 AL “SPIaL Aeg Ay o1 LEYD AYL WOl SN0
U1 01 1xou "sq 2o1 2y1 Jo FuIpooy el g Fuunp pajeisur am seys . pouad uonERLL
a1 Fuunp s5q 200 U0 JAEW o IaKE] ¥ UEEW puE A1EAId DWiFar UONERLAL 2L A1 N
A0UPIOIIE Ul “SIOEBHL Yy FUOfE *Sapprd Suq A Lo Sig FuuMaw Ear 2 pinoys Ay ‘s Sug
991 WOAJ UONEA[L AN JO WNOWE ) AU 0, “porad UOnERLL 3y FuLnp sppay) g ol
uonexjy A Jo unowe a1 uo spuadap s §8q 291 Jo [aaa] 1d pue UoNEZIEILI

01 st séq o

SY994D D21 YaNS wioay

00w st 11 sieq o0y

t1

WSS 2ILL DIBPYY 211 U0 UOSDS
1 201 fo aouapuiada] - ¢ 2m1g

St oyp Suganp dmaoduan i fo wns 21 o pray

D0l 00FE  00ZE  OOTE 000  006Z 008  ODLZ  009T  0OST

6007

610z I3

PRI

(g 201 $1 platk 011 ay sy

SAIMEIAdWR) 12 Jo wns Ay DU YL 0 “Voseas Furwosd ay) Funp sieq
A pUE 1w o wns a1 uo spuadap PRtk 22 || AL ) JO 2U0Z FUIMOS 201 A o]

Suneayioao ) anp sinq

g *aue voseas Surmoss ay) Suunp
201 ur samesadwia

Woxy PABIRYISIP 10U SEA JALA PUR ), SE JO POYSIYL KHDIXOL [EILD ) YIBI 10U PIP 00T
- 107,10 pouad UONERLLI Y U $YAYP 20U 10 iAW) IKE] PIAL ) . §'9T PINND 10U 0P
1 up aamesaduwiat tew iy “siueyd 200 1o 1Wawdo[AID PUE YIn0sz o spoud Furuewas i
e s€0q 2211 Uy asmeiadw) Jares g1 *Sf-ung ul Sop 104 U0 ) , 187
- )2 9tz 01 poddosp amipiadwa oy Furtuwats pur funafn Fung Swuid 20w iq PaprYs 1ou sBA
S0 AU J0 A00pNS I A1 VA “UoTEUILAE el 20w J0 pouad Ayl TULNP ) , 6T SN Aeq
W A 0Z02-8107 T 1<) w3 (7 © ey saisey dn suwms 1o jo

sig
U 'Do98T-Do Ll

20U a1 ameiadw s wnwiy
3242 WA ¢ “pooyy ay Jo yidap ay uo spuadap piayy Keq U ut o5} e A Jo Ameaadwn A |
2 PRI 21 Ut pur 10fd [EannanEe pig o u saaay

S22 (09 JO BT U U0 U
GS1J0 PIAL 29 © UO W) IIE] U1 U1 *SUOLIPUOD UONANPo:d Ul N0 PaLLIE s Spris 2y |

0 201 21 JO NS LW A1 01 PAIIP
uorsaa amyzsadual o asney ayi 2w g 2

SIIT 21 WOy TR UAYA 9P| 110 208N Ay
PApoOY  woiy uoriodead 10j 1Ay Jo Sanpuadx AR | “uoneiodead uo uads st asydsowne ayi
wouy X[ WA A J0 Y{nG A *SK2q 2911 PIPOOY] U “SPAL] PAJ-UIRI 0 ARWIIOINI A WO SIAYJIP
1 PAPOOL] A1 U1 LU0 [e123ds © SN 0] A © J0 22uasd DU
(119 Aupy S AIEP UOMISUEI YL 1) , (] IAOGE S| MW}
2 241 UDYM AMUILLIDE 01 UIRA SPOOS MY “C| KB U0 SUIRHG D S *
(I SUOIISURIL D[qEIS [0 S Ay} AG PaNLul] $1 UORRANND

[EIERIETE

Siop afeiane u





image78.jpeg
€T dd =" [ "ON - "LOOT - *OMISPOAOSRY //

A1 JO UONENUEISNS O [ NV Aourisey (A A0Sy (]
“LE-s€ dd -1 ON - "€00T - SVVH

Foid Jo spadse eaFojoiq pue EaFojoa) A Aodog 6
61-L1 D= "910C
A OV Y g

SPIALE AL O] PUE Yy 0] SuoS

a4 jo unang // spiis S

210} “SpUE] AULES O FOJOUYDN UONETLI
(und) 8/7¢-+72T NSSI *(u
EFXOLIBIETOI0T/FI0TCO1/A010p/7:500Y “¢ 11 = T01 *(6102) bEF JQUINN *T AWNJOA "S2IUNIS
12 pue £30j07 10 SIS “URISYYEZEY Jo Agnday Ayl jo $aIuAdS J0 SwopEay [puoeN
A1 J0 SWON oIl [AquiyZ JO SpuE| pauteip pum pawdil jayiose] uo uoneido wudi-Suof
Japun Smuiges (108 pue awiRan A 0IPY JARNPUNOID) (6107) "EAOUFIZ 7S “EAOWIYNEY
S'A “BAOURYZEYEI *1'V *someddey YA SEUIN A “ASIRISqUIN ] WERnY CA'A L
0TLTT1 020g wwzey (19101701 /A0 top//sdny joosd
-1 [PWINOf *$S21 U] “0ZLTTL “0Z0T MY [T AUIUO AQRIAY SPHAIRIN SNOPIRZRH JO [Eunof
“SILNUN0D FUIMOIF-2911 U1 SWaNsKs 29L-[108 Spped U1 UONEUILIEII0D 1AW 391 Jo stuiodpud pur
“5985990: *$IUNOS *SINOIATYDG [EAILINGD AISEQ ) JO MaLAA dnrsuagadiio) (0Z07) “Fue A ussny
“BUd UIGUIX J00STY BV MY UEN “PIRUNT prIWEYI Ty Enfj “omN Fury TV wheg 9
6-LEGTI(S 161 1£-S60TS/9T01°01/510°10p//:5dny “6rE-0p€ s,
*§1 AWN[OA “HMNoLFY 2ANRENU] JO [Puanof Fuiddew pur wau
wioid Buisiy (6107) “ONAHZ Fuib-onny iy vif "ONAHD
NI But "NOHZ Bub-uer] NOHZ WA ‘00D UeA ¢
S00°60°810T 3951910101 /B10°10p, /5y
AWOIAE 7 SWAISASO2:] “AMNOLFY “iseq

‘6108 Senagayg g ans:
Quies jos 10j ey
Fuayz-FuoA DNV

T01-06 $9B0d “§10T 40quIdICY | ‘39T Awnjop
FUONDIY 4IMO] AL JO TUWIIED AULIUOW T U MO[JING JANBMPUNOIT 0110 SIWEN P IRINS [10S
pue asn puey Sunaeiauy (8107) "l UI[EA UBNSLIY ) “Sunoysuenayeisuag YoJ0) “Neyaexier| auopney
023} “EAIA|IS HIGION “UON| | UIEA] S *IYANOIY [ANUBIILIZ “YINDINOS, [BUIDSUNOZ] A0y 3P dyauLy
“BuonAUn0g AVYAGRYA ‘UIGOY LUDL] DD UIR]Y "IGUOAE'| SWNE[ING) “IZ[0qR] MANQ) t
26686 "d 8 “ON 1261 $F0[0pSp pue Fojoromap “urzidpooy ueyyensy
£ 91 1o suompuod ammmdwal Jo ddUNYUL ) VO ' ME €
6p=5t "dd “(LE) 95 NS LA INDINUVS
JO SUOHIAESUEI | DAL 221 Y} JO AWIF1 MTIAUL ) O S2UMEI A0S I YN AASLIPGY T
“d891-16961 “WPZIIWIOIPID) ] - (UrISy
oy W Adkeqseqdeyz |

-ERI0A Ay} Ut 20U Jo p|

awunp A0 © Ut yivors

SIUDIYIA JO ISI]

————————

91

2011 J0 ppaik
U1 2SBIUL PUE D11 UONEBLLL AU) 20NPAI I UONERLL J0 SaRmypsip aAnanpoadun apeur
PUE S|IOS JO OWFAI 1[ES PUE IAEM Y1 2210 01 SMO[E *SKEQ 91 W0| UONEl] JATBA JO
wunowre au o Furpuadap “yd pur Sures ameadwR) o SWE U SKEG DL UL AL J0 SIOWAPUL
PIOUSDI (LI 21 1UNODIE OIUT FUIEL LIS “SAIFOOUYDIN LOMERL 2003 npuo)

2%TE61 S1Auquiond ays pue ey / 33udl 015001
201 woxy wjoad AL -2U0Z BUINOIE-1 S Ur M 2911 Jo Apqeaosd
/e omadwa) 1oj sioapur
1)

YAy v moys waisks 2o eEpyy oy o fd pue u
PIOYSDIYL [BANLA JO SULIAL UL UOHEATND 23 O SDUDILED MWOUOID DY) JO SUOY

PEUDYINIP IDIDN DUO Y DG 2L - § “DFIDYISIP AN IO - ¢ o ot - |

1 sy 2

DG 2911 pUD 421N (DU HOLDTLLY fo DS - 2

syluow
1sndny Anp aunf hew

SYOU Y UO PRI S1 MO[] JABAL OU OS “PAUITILIELL
U1 wouy SN0

RIEYRCAY
snopaasd a1 pue papooyy st ¥9ad Ay “pauado are Y93y o ay; o1 spyuLds d
a1 woxy S1NNo y *paureap Kjprajduios

aup puv pasopp ae 10 dew 2y olut oy
191y pauado aie SITIRYISIP LD Y1 01 YYD ) WO SIAINO L PUE PISOD AU S 291 )
019U 12D A W01y SN0 a1 PARURY SLIANEA A1 U “WASES A0 A UL BRE PANEFLLL
A J0 5401 PAsLId0d YOI YN “( ANFL1) PARURY> 3q PINOUS S 1 U1 91N 31 7 / €T
0 NEA (BN © SAAEAT SUUL[ES I3TEA Q) UL A “IIpaW AU [ 19919P 01 3P €L-WINAL
DI T PUR I 1B £-SCLL R I IUOU 2200 SS6q 20U UE I JO SHUIES ) Junuaaiap
2w vonenjy S|Ep oY) dayn s<eq 20U UQ

aem agy

o1 uessaoau sy Avp aad w ¢ ueg ssa|




image79.jpeg
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)

KA3AKCTAH PECITYBJIMKACBI

YJITTBIK ThIJIBIM AKA TEMHSICBIHBIH
Satbayev University

XABAPIIAPBI

N3BECTUA NEWS

HAITMOHAJIBHOM AKA JIEMUN HAVK OF THE ACADEMY OF SCIENCES

PECIIVBJIMKH KA3AXCTAH OF THE REPUBLIC OF KAZAKHSTAN

Satbayev University Satbayev University
SERIES

OF GEOLOGY AND TECHNICAL SCIENCES

S (443)

SEPTEMBER - OCTOBER 2020

THE JOURNAL WAS FOUNDED IN 1940

PUBLISHED 6 TIMES A YEAR

ALMATY,NAS RK




image80.jpeg
ISSN 2224-5278 Series of Geology and Technical Sciences. 5. 2020

NEWS
OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

SERIES OF GEOLOGY AND TECHNICAL SCIENCES
ISSN 2224-5278
Volume 5, Number 443 (2020), 165—171 https://doi.org/10.32014/2020.2518-170X.117

UDC 631.67; 631.42; 551.4.022

A.G. Raul, Zh. K. Kadasheval, G.A. Raul, K. K. Anual‘bekovl, R. Meranzova®

!National Agrarian University, Almaty, Kazakhstan;
2 Agricultural University in Plovdiv, Bulgaria.
E-mail: alexyrau@gmail.com, dikuwa_90@mail.ru, genadiyr@gmail.com,
kanat.anuarbekov@kaznau. kz, rossi7bg@gmail.com

GEOLOGICAL STRUCTURE OF SOILS
AND RICE YIELD IN THE ILI RIVER BASIN

Abstract. Rice irrigation systems in Kazakhstan are located on river terraces and levees of the Syr Darya, Ile,
and Karatal rivers’ basins. The geological structure and lithological composition of soils in the aeration zone is
characterized by a wide variety, differing in soil fertility, mechanical composition, water and physical properties,
water availability and salinity. Alluvial-meadow and takyr soils consist of light and heavy loam, sandy loam, and
clay[1,2,3].

Melioration errors of the rice irrigation systems, built in the period from 60s to 80s of the last century, can be
described by the fact that the Kubanskaya rice sowing map was built on all soils of river terraces and river banks,
with the same parameters of irrigation and drainage, with the share of rice 57.5% and 63% [4].

At the rice irrigation systems, where the geological structure and lithological composition of the aeration zone
soils correspond to the irrigation and drainage parameters of the Kubanskaya rice sowing map, the soil fertility and
ameliorative status of irrigated land has remained high for many decades. The salt content in the 100 cm soil layer is
0.3-0.4%:; in the autumn-winter period ground water is at a depth of 2.0-2.5 m, its mineralization is 5-7 g/l. During
the rice irrigation period, ground water does not connect with the water of rice paddies, and the filtration of water
from rice paddies is permitted and comprises 12 — 17 mm/day. Rice is grown without flow and discharge of water
from rice paddies, the irrigation rate is 21,400 m’/ha, and the yield is 5.2 t/ha.

At the rice irrigation systems, where the geological structure and lithological composition of the soil in the
aeration zone does not correspond to the irrigation and drainage parameters of the Kubanskaya rice sowing map, the
land is saline. During the rice irrigation period, the ground water connects with the water on the rice paddies. On
these paddies, due to the convective diffusion of salts from the soil and from ground water, water salinity increases
and reaches the critical threshold of toxicity of 2.5 g/1 [5]. It is necessary to discharge water to reduce the salinity of
water on the rice paddies, which is followed by flooding of water from the irrigation channel. The irrigation rate is
23,500 m*/ha, and the yield is 4.7 t/ha.

Key words: Geology, soil cover, lithology, aeration zone, takyrs, mineralization, water availability, salinity,
ricesystems, water-salt balance, rice, yield.

Introduction. The impact of geological structure of the soil on the yield of rice study was carried out
empiricallyon the field of 155 hectares of “Birlik” farm. The mineralization rate of water layer as well as
observations on rice growth and productivity have been carried out on 20 paddies during rice imrigation
period. On two rice paddies (10 and 11) with the area of 6.8 ha, the soil is highly saline with a salt content
in the soil of the aeration zone of more than 1.0%. Upon reaching a critical threshold of toxicity and water
salinity layer in rice paddies, water from paddies is discharged and paddies are flooded to the same level
with water from an irrigation channel. On the other rice paddies (the remaining 18), with the overall area
of 48.2 hectares, the soil is slightly saline with a salt content of up to 0.3%. On the remaining 100 ha
paddy field, the rice is cultivated according to the existing recommendations [8].

Results. On saline soils of rice paddies 10 and 11, the irrigation rate is 23,488 mz/ha, the yield is
4.7 t/ha. Discharge (change) of water from rice fields during the irrigation period is carried out twice: the
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first is during stem extension of the rice plants when the salinity of the water layer in rice paddy is 2.5 g/l
and the second time is during flowering period; the volume of water discharge is 2,297 m*ha. On slightly-
saline lands of 18 rice paddies, the salinity level of the water layer in the rice paddies during the irrigation
period did not exceed 1.0 g/l and water was not discharged from the paddies, the irrigation rate of rice
constituted 21,346 m*/ha, while the yield was 5.2 t/ha (table 1).

Table 1 —Rice irrigation technique

Rice vegetation N Water T Water
! Rice irrigation regime Rice imrigation regime
Ne | stages and their ition I supply on reg supply
X on saline soils g on low saline soils g
duration m'/h m'/h
1 2 3 4 s 6
Sprouting Flooding and maintenance of 10 cm Flooding of the paddy fields by 10
1 oung 6,550 5,780
05.-15.V water layer cm
2 fg‘{’fg‘;‘ff“’ps Maintenance of § - 10 cm water layer 3,170 | Intermittent flooding by 5-6 cm 3,070
Tillering } ] ) i 2
R i Maintenance of 5 cm water layer 2,609 | Maintenance of 5 cm water layer | 2,510
01-02.VI Increase of water layer up to Increase and maintenance of 12 cm
820 790
12cm water layer
22, b
03-22. VI Maintenance of the water 3270
Booti layer
4| orves 23-24. VI Discharge of the water layer
e from paddy due to mineralization Maintenance of 12 cm water layer | 4,100
increase up t0 2.5 g/l 1,200
24-25. VI Flooding of paddy with 12
cm water layer
26. VII-08.VII Maintenance of 12 cm
Heading - water layer
5| blooming 9-10.VII Dischiarge of the water from | 2,510 | Maintenance of 12 cm water layer | 2,866
26.VI-OVIL | paddy due to mineralization increase up
t02.5 gl
-12 i
Milk—waed 112V Flooding of paddy fields o | | o,
6 | ripeness : - > Maintenance of 12 cm water layer | 2,230
T Iasmm | 13-28VIT Maintenance of 12 cmvater | | o
layer >
Full ripeness
7 | oftice grain 29, VII Discontinue water supply - | Discontinue water supply -
20.VIII-08. IX
8 | Total 23488 21,346
9 [ Rice yield, tha 47 52

Hydro module of initial flooding of the paddy fields is equal to 6,4 — 7.8 1/s-h, during maintenance of
the water layer period — 1.9-4.6 I/s°h.

‘When rice yield is 5.2 c/h, the total evaporation during imrigation period (evaporation plus
transpiration) is 9,860 m*/h. An intensity of the evaporation in irrigation period depends on vegetation
phase. The highest value of the evaporation occurs in the booting phase — 158 m*/h per day [9,10,11].

Total evaporation value, which includes transpiration and filtration is 17,710 mz/h, which is lower
than the water consumption norm set by spillways at 3,679 m*/g. Such water volume is consumed for soil
saturation of aeration zone and side filtration to adjoining territory of the paddy fields [12,13].

In water balance, water supply to the paddy fields during irrigation period to the low saline soils
without water discharge is 21,396 m?/h, to the saline soils with water discharge is 23,488 m*/h, additional
supply from the ground waters and atmospheric precipitations are 1,340 m*h and 2,670 m*/h respectively.
In consumption side of the water balance, total evaporation is equal to 9,860 m*/h, filtration and drainage
run-offs are 7,850 m’/h, ground water outflow from the paddy fields is 1,180 m*h, and 1,490 m’/h.
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Discharge run-off from the paddy fields in which mineralization of the water layer exceeded acceptable
limits, it is 2,800 m*/h. On the rice system, the water balance is steadily maintained, the sum of the
components of the supply part of the water balance is equal to the consumption, the balance discrepancy is

5.5-5.6% (table 2).

Table 2 — Water balance of the paddy fields of Agrofirm «Birlik» experimental field

N N Low saline soils, paddy fields Saline soils, paddy fields
without water discharge with water discharge
1 2 3 4
Supply side
1 Water supply from channel 21,396 23,488
2 Precipitations 1,200 1,200
3 Ground water inflow 140 1470
Total 22,736 26,158
Consumption side
1 Soil saturation 2,700 2,700
2 Total evaporation and transpiration 9,860 9,860
3 Filtration and drainage run-off 7,850 7,850
4 Discharge run-off - 2,800
5 Ground water outflow 1,180 1,490
Total 21,590 24,700
Discrepancy 1,270 1474
5.5% 5.6%

The salinity balance of Agrofirm «Birlik» of the Akdaly rice system demonstrates that soil
desalination of aeration zone occurs during rice cultivation at the rice fields. Salt discharge from aeration
zone of 0-160 cm from the paddy without water discharge in irrigation period is 36.4 t/h, on saline soils
with water discharge in irrigation period is 29.9 t/h. Salt discharge prevails over entry to the paddy fields
without water discharge up to 4.7 t/h, on saltine soils with water discharge 2.6 t/h, discrepancy is 4.0% and

1.3% (table 3).

Table 3 — Salinity balance at the paddy fields of Agrofirm «Birlik» experimental field of the Akdaly rice system, t/h

On low saline soils, paddy fields | On paddy fields with water
Elements of Salt Balance without water discharge during | discharge during irrigation
irrigation period period
S; - salt reserves of aeration zone before rice crop 1126 22038
S, - salt entry with irrigation water 122 128
S; — salt entry from ground water 12 14
TOTAL 126.0 244.0
S, — salt reserves of aeration zone after rice harvesting 762 199.9
S; — salt discharge by filtration run-off 01 38.1
S — salt discharge by discharge run-off - 52
S — salt discharge by drainage run-off and ground water
5.4 2.8
outflow
TOTAL 130.7 246.6
Balance -47 -26
Discrepancy. -40 .13
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The rice growing technique, which is taking into account the geological structure and lithological
composition of soils in the aeration zone of rice paddies, affects the critical threshold indicators of the
mineralization of the water layer on rice paddies and provides: profit of 33,250 tenge/ha and increases
profitability by 18.6% on saline lands; on slightly saline lands profit is 49,256 tenge/ha and profitability by
22.2%. Reduction of non-productive loss of irrigation water on the area of 55 hectares is 3,945 m*/ha; rice
yield increases by 0.6 t/ha, efficiency of rice production by 20,137 tenge/ha, profitability by 10.7% (table 4).

Table 4 — Rice cultivation economic efficiency of irrigation technique based
on critical threshold values of water layer mineralization in the paddy fields

Rice irrigation technique during -
imrigation period Weighted | Atremaining A difference in
Indicators Low saline soils Saline soils average Cg"::;:::’:of comparison with
without water with water vale | 2 Lomapitdoel cooperative
discharge discharge

Area, hectares 482 6.8 55 100

Rice yield, t /a 524 472 518 46,0 5.8

Irigation rate, m” t 21,39 23488 21,655 25,600 -3.945

‘Water consumption, m’/c 408 499 418 556 -138

Product prime cost, KZT/ t 5,060 5,307 5,154 5,810 - 656

Profit, KZT/h 49256 33250 47277 27,140 20,137

Efficiency, % 222 18.6 217 11.0 107

Conclusions. The geological structure and lithological composition of soils in the aeration zone of
the Akdala rice system affects the degree of soil salinity, water consumption rates and rice yield. In
comparison with slightly and moderately saline soils, on saline soilsthe irrigation rate of rice is higher by
2,800 m’/ha, whilethe rice yield is lower by 0.5 t/ha. On the saline lands of the Akdala rice system, water
is discharged from rice paddies twice during the imrigation period, once in July and the second time in
August. Saline lands of rice systems, where itis necessary to be discharge(change) water during the
irrigation period, account for 11% of the irrigated area, while other 89% of the irrigated land area is
slightly and moderately saline, and there is no need to discharge water during the irrigation period [5, 14,
15].

The introducing of the proposed technique for rice irrigation, which is taking into account the
thresholds of critical indicators of the water layer mineralization of the rice paddies will increase the
additional harvest of shaly rice from the Akdala rice system by 6.0 thousand tons, and will save water
resources by 40 million m® per year. On the rice irrigation systems of Kazakhstan, these indicators will
comprise 43.5 thousand tons and 296 million m® of saved water respectively.

AT Payl, K K. Kaqamenal, I A. Payl, K. K. Anyapﬁemml, P Mepamtmaz

) 1Ka:x‘i"AY‘ Anwmatsl, KasakcTaH;
“ArpapisIK YHHBepcHTeT, [L10BaHB, Bomrapus

VUIE ©3EH BACCEIHI TOIIBIPAF BIHBIH I'EOJIOT HSLIBIK KYPBLIBIMBI
JKOHE KYPIIII ©HIMI

Annoranmms. KasakcTammarel Kypim cyapy syiteci Chipmapud, Ime skome Kaparan eseHi GacceHHiHIH
Teppaccachl MeH CaFachIHJA OPHATACKAH. A3DAITHA aiMAFb! TONBIPAFBIHBIE TCONOTHAIBIK KYPUIBIMBI MEH JHTONO-
THATBIK KYPAMBI TONBIPAK KYHAPIBITHIFE], MEXaHHKAJBIK KYPAMBI, CY-(QH3HKATBIK KaCHETTePi, Cy OTKi3rmTiri Mex
TY3IBUIBIFS! APKBUIBI €DEKIICIICHE. ATITIOBHAIB! IATFBIH/IBI JKOHE TAKBID TOMBIDAFBI XKEHL JKOHE ayBIp Ca3/AKTAH,
KYMIaK ca3laH jKeHe casgaH Typajs [1,2,3].

OTKeH FachIpABIH 60-80-KbLITAphl CANBIHFAH KYPINI cyapy JKyHeciHmeri MeTHOPAarHBTi KeMIUITIKTep ©3eH
Teppaccachl MeH jKaFalayblHJAFbl TONBIPAKTHIH adpallHid aHMaFbIHBIH TEONOTHATBIK KYPBUIBIMBI, JHTONOTHAIBIK
KYPaMBIMEH epeKIIeNeHeTiH, GipKypbumbiMabl «KyGaHCKad» Kypill KapTachl, cyapy JXoHe APeHaXIBIH Oipiei
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TapaMeTpIMEeH CallBIHFAHBI JKoHe KYDIIUTIH aybICIaibl eTiCTIK cXeManlapbl 7 jkoHe 9 KypilTiH yieci cofikeciure
57,5% sxoHe 63% Kypaiiasl [4].

Kypim cyrapy xyifecin maiimanany kesinge «KyGaHCKas» KYpill KapTachl TOIBIPAK KACHETTEpiH caKTaFaH
TOIBIPAKTA, KYPILITIH JKeTeKIIi JaKbUINAPHIH CyapyablH OY3bLIYBI XKaFJaHBIHAA, KYPIIUTiH ©HIMALIN MeH Kypim
JaKBUIIAPBIHBIH aybICYI KOIITETeH OHIaFaH JKbUIIap GOMBI JKOFAphI GOMBII Keli, Kypilr 6,0 TOHHA./Ta XKoHe OfaH Ja
KeII, JKOHBIIIKa 18,0 T / ra KypFak Maccara AeHiH skerefi. Kypinrriy cyapy HopMachl K0GalbIK ayKbIMa 22-23 MBIH
M/ra Kypaiiner. JKeTekun Kypim JAKBUTTAEIH CYapyIBIH apKACBIHIA TOTBIPAK KAcHETTepi GY3BUTAMBL, SHIMAITIFi
TeMeH epAiH Gydeprik KaGineri exiHmn peTTik Tys3maHaAsl, Kypimr eHiMaimri 3,5 T / ra, xoHsmKa 6,0-8,0 T/Ta.
KypimTis cyapy Hopmackr 28 MBIH M’/ra XOHE ONaH Ja Kell, KepiH TO3y yAepici aHe aybLIIIAPYAIIBUTBIFS
MaKCATBIH/IA aH/{aIaHy/{aH MBFBIT KaTFaH [5].

JKamms! ayraHHBIH 220 MBIH ra, ChIpaapHs e3eHi Gacceifninaeri KpI3puopaa Kypinr cyapy syiecisneri exiMi a3
skeprep 40 MbIH Ta Kypaiiisl Ine eseHi Gaccelminmeri Akmama MaccHBi 8 MbIH ra, KpI3bUiopia Kypimr cyapy
JKyHecinmeri 20 MBIH Ia jKoHe AKfala MacCHBiHIEri 6 MBIH Ia TO3FaH JKep KIiHIN peT Ty3JaHFAHABIKTAH,
ayBLIIIAPYaNIBUTBIF Bl MAKCATBIHJIA TIaHIa TaHy/[aH IBIFBIT KaTraH [6].

«Ky0GaHcKkas» Kypilll KapTachl XKeTi JKoHe TOFBI3 TAHAITHI aybICHAIbl ericTikTe Kypiln eHimpimiri 50-60 1yra
GonaTbiH asparus affMarbl TOMBIPAFHIHBIH TEONOTHANBIK KYPBUILIMBL MEH JHTOTOTHATNBIK KYPAMbI JKEHIT ca3laysIT
TONBIPAFBIMEH, KYMJBI ca3lak KaGaTTaH Typamsl JKepi Tysmslpak, 100 cM Tomelpak KaGaTbiHza 0,3-0,4% Ty3mel
Gombmmr keneni. Kysri, KBICKbI ke3eHIe JkepacThl cybl 2,0-2,5 M TepeHIiKTe, ONapAblH MHHEpPAIIaHybl 5-7 T/
Kypaiinsl. KypimTi cyapy keseHiHe jkepacTbl CYBI KYPIlI ericiHiH cybIMEH KOCBUIMAHZIBI, KYPILl eTiCiHEH CYmBIH
cy3ynyi Goc xaeHe Toymirine 12-17 MM Kypaiimsr. Cy3yny/liH apKachbIHIa KYPIlll aTbI3bIHIAFHI CY KaHAPAIBL, TOBIPAK-
THIH TaMBIP KaOaTbIHAH MHKPOOPTAHH3M KAIJBIFEI MEH Ty3 albIHAABL J[peHaX aFbIHBI CeKyHmbHa 0,57 1/ra
Kepcerei. Kypill aFBIHCEI3 JKoHE KYPILI aTBI3BIHAH CY aFbI3bLIMAil ecipinesi.

Kypim cyapy skyHeciHiH eHiMi a3 jXKepie ad’pallHi aiiMarbl TOIBIPAFBIHBIH T€ONOTHATBIK KYPBUIBIMBI MEH
JHTONOTHATBIK KYPaMbl ayBIp Cas[ayIT IIeH ca3 GalIbIKTBI casgaKTaH Typambl. JKepi TysmsL 100 cM Tombpak
KabatbmHza 0,7-0,9% Ty3 kesmecei. Kysri, KBICKBI Ke3eHIe JKepacTsl cybl 1,2-1,5 M TepeHIiKTe, al MHHEPAIJaHybl
12-15 r/m Kypaiiasl. Kypimri cyapy GapbICHIHAa JKePacTHl CYBIHBIH KYPIII aTBI3HIHAAFbl CYMEH apamachll, Kypiln
QATBI3BIHAAFBI CYMbIH CY3i1yi ToymiriHe 0-3 MM, apeHaxarbl 0,12 11/ caf. GonagsL. By jkepae TONbIpaK IeH KepacTs
CYBI TY3BIHBIH KOHBEKTHBTi AHGQY3HACBIHA GailTaHBICTHI KYpIilll aTHISBIHAAFB Cy KOGIpeK MHHepalJaHAIBl JKoHe
YBITTBUIBIK INEKTi JeHredine 2,5 1/m sxeTeni [7,8]. CyablH MHHEpaNJaHYBIH a3aHTy YIIH Cyapy KaHaJbIHAH CyIbI
aFbI3y KaXeT, KeHiHHEH cyapy KaHAIBIHAH Cy TONTHIPAABI. Byl sKepferi KYpilll JaKbUIBIHBIH JKETi JKOHE TOFBI3
TaHAITHI aybICTIANH! ericke apHan «KyGaHcKad» KYPIlll KapTachIHBIH KYPBUIBIMBIH ©3T€pPTY KePeK, OHBIH JKOOGATBIK
350-400 M opHBIHA 60 M KalIBIKTHIKTa Jkacay KaxeT. «KyGaHCKas» KYPilll KapTaCBIHBIH 60 M JPEeH apaKaIUbIKTHFBI
JIpeHasKbl aFbIHBIH 0,37 J1/c.ra. KAMTaMachl3 eTe/li, TObIPAKTHIH KaHTa Ty3/IaHy JKaF faibIHbIH albIH anais! [5,6,7].

TyiiiH ce3xep: TeONOTHA, TONBIPAK KAMBUFBICHL, JTHTONOTHA, aJPAHA aMMAFBI, TAKBID, MHHEDAIAHY, CY
OTKI3TITIK, TY3/BUTBIK, KYPIilll Kyieci, cy, Ty3 GamaHChl, KYpill, eHiMIiIK.

AT Payl, K K. Ka;(amenal, I A. Payl, K. K. Anyapﬁemml, P Mepamtmaz

5 '"HAO KasHAY, Anvarer, Kasaxcram;
“ArpapHbIi yHHBepCHTET, [1n0BHB, Bonrapusa

TEOJIOTHYECKOE CTPOEHHE IOYBOIPYHTOB
H YPOKANHOCTH PHCA BACCEHHA P. HJIE

AHHOTAmHS. PHCOBBIE ODOCHTENBHEIE CHCTeMBI KasaXxcTaHa pacmONOXKEHHI HAa DEYHBIX TeppacaX H
TPHPYCIOBBIX Balax B GacceiiHax pex Chipaaps, e, Kaparan I'eonormdeckoe CTPOSHHE H JIHTONOTHIECCKHH
COCTaB II0YBOTPYHTOB 30HBI a3PAlHH XaPAKTEPH3YETCA GONBIIHM Pa3HOOGPAsHeM, OTIHYAIONIHXCA 110 MIONOPOTHIO
T0YB, MEXAHHIECKOMY COCTABY, BOJHO-(H3HIECKHM CBOHCTBAM, BOXONPOBOMHMOCTH H CTEIICHH 3aCONCHHA. [109BEI
QAIUTIOBHATBHO-IIyTOBBIE H TAKBIPHBIE COCTOAT H3 JIETKHX H TSKEIbIX CYTIHHKOB, cymeceif, sl [1,2,3].

OMmHGKH MEIHOPAIHH PHCOBBIX OPOCHTEIBHBIX CHCTEM, OCTPOEHHBIE B 60-70-80 robl MPOILIOTO CTONETHA,
COCTOAT B TOM, 9TO Ha BCEX IOYBOTPYHTAX, PEUHBIX TePPacax H MPHPYCIOBBIX BAlaX, OTIHYAIONIHECH IO TEOIOTH-
YECKOMY CTPOCHHIO H IHTOJTOTHYECKOMY COCTABY 30HBI adpalliH ObLIa IOCTPOGHA PHCOBaA KapTa «KyGaHCKam»
OJHO# KOHCTDYKITHH, C OJHHAKOBBIMH I1aDaMETPaMH OPOIICHHS H IPEHAKA H CXSMAMH PHCOBBIX CEBOOGOPOTOB 7 H
9 monHEIe, ¢ Joneil YIacTHA PHCA COOTBETCTBEHHO 57,5% H 63% [4].

B mporecce SKCILTyaTallHH PHCOBBIX OPOCHTEIBHBIX CHCTEM BEIACHHIIOCH, 9TO HA IIOYBOTPYHTAX, TA€ PHCOBAS
xapra «KyGaHCKas» CIIOCOGHA COXPAHATH CBOHCTBO II0YB, B YCIOBHAX NEHCTBYIONHX BO3MYNICHHI OT IOTHBOB
BeJIyIIell KyIBTyphl PHCA, YPOKAHHOCT PHCA H KYISTYPY DPHCOBOTO CEBOOGOPOTA MHOTHE JECATHIETHA OCTAeTCA
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BBICOKO#, pHca — 6,0 T/Ta H Golee, MomepHBI — 10 18,0 T/ra cyxoi Macchl. OpOCHTEIbHAA HOPMa PHCa — B Ipefielax
TpPOEKTHOH 22-23 Thic.mY/ra. Ha TIOUBOTPYHTAX, IJle 3a CYEeT IOJIHBA BeAyIIeH KyIbTypPhl PHCA HAPYIIAIOTCA CBOHCTBA
T0YB, HX Gy()ePHOCTH 3eMIH HH3KONPOIYKIHBHBIE IOJBEPKEHBI BIOPHUHOMY 3aCOICHHIO, YPOKANHOCTD PHCA HE
TpeBbIIaeT 3,5 T/Ta, mouepHsl — 6,0-8,0 T/ra. OpocHTeNbHAaA HOpMa pHca 28 Thic.M/fa W BBIIe, TIPOHCXOIHT
JIeTpaJIali 3eMellb H BBIXOJ H3 ceIbxo3060poTa [5]. 113 o6me mwiomanu 220 Thic.ra HE3KOIPOAYKTHBHBIS 3¢MIH Ha
KBI3BUIOPAHHCKOH PHCOBOH OpOCHTENBHOH CHcTeMe B OacceliHe p.ChlpapsH cocTaBmor 40 TeIC.Ta, Ha
AxnanHHCKOH B Gacceiine p.Jine — 8 ThIc.Ta, JeTPajHpOBaHHbIe 3eMIH Ha KbI3bLIOPIHHCKOH PHCOBOH OPOCHTEIBHOR
CHCTeMe, BBIIICIIIHE H3 CETbX03000pOTa IO NPHIHHE BTOPHIHOTO 3acONeHHA , 20 ThCTa H 6 THC.Ta — Ha
AKTanTHHCKOH [6].

Teonoriaeckoe CTPOCHHE H IHMTONOTHYECKHH COCTAB IOUBOTPYHTOB 30HBI adPAllHH, IE PHCOBaA Kapra
«KyGaHcKas» obecIedHBaeT ypokaHHOCTh pHca 50-60 1Ta B CEMHIIONBHOM H JEBATHIIONBHOM CEBOOGOPOTAX,
TPE/ICTABIICH I0YBAMH JICTKHMH CYTIHHKAMH, CYITHHKAMH C IPOCITOMKAMH CYIECH. 3€MIH CIa003aCONCHHBIE, C
cofepkaHHeM colel B 100 cm cmoe mous 0,3-0.4%. B oceHHe-3HMHHI I€PHOX IPYHTOBBIE BOIBI HAXOIATCA HA
riyGHHe 2,0-2,5 M IPH HX MHHEpAIH3alHH 5-7 I/11. B IIepHoI olIHBa pHCa IPYHTOBBIE BOJBI HE CMBIKAIOTCA € BOAOH
PHCOBBIX 9eKOB, (GHIBTPAIHA BOJBI H3 PHCOBBIX 9€KOB CBOOOIHAA H cOCTaBIAET 12 — 17 MM/cyT. 3a cuer GHIbIpa-
1[HH TIPOHCXOHT OGHOBIEHHE BOJIBI B PHCOBEIX I€KaX, BBIHOC CONEH H MPOJYKTOB JKH3HEICATEIBHOCTH MHKPOODTa-
HH3MOB H3 KOPHEOGHTAEMOT0 CII0A 109B. JIpeHaXHbIH CTOK cocTaBmieT 0,57 1/c.ra. PHc BEIpamHBaeTcs Ge3 IpoTod-
HOCTH H CGPOCOB BOJIBI H3 DHCOBBIX YEKOB.

Ha HH3KOTPONYKTHBHBIX 3€MIX DHCOBOH ODOCHTEIBHOM CHCTEMBI T'€ONOTHUECKOS CTPOCHHE H JHTOIOTH-
"eCKHi COCTAB TOYBOTPYHTOB 30HBI a3PAIIHH NMDEICTABICH TAKEIBIMH CYTTHHKAME, CYTTHHKAMH C IIPOCIOHKAMH
TJIHHBL. 3€MIIH 3aCOJEHHBIE, ¢ cojepiaHHeM coneif B 100 cm cnoe mous 0,7-0,9%. B oceHHe-3HMHHH IepHOT Tp-
YHTOBBIE BOJBI HAXOATCA Ha TiIyOHHe 1,2-1,5 M, MHHepanH3auusi HX 12-15 r/71. B nepHox moJHBa pHCa TPYHTOBBIE
BOJIBI CMBIKAIOTCSA C BOJOH PHCOBEIX 9€KOB, (DHUIBTDAIIA BOJIEI H3 PHCOBBIX 9EKOB COCTABIAET 0-3 MM/CYT, ApeHaK-
HbIH cTok — 0,12 w/c.ra. Ha 5THX 3eMIMX 3a c4eT KOHBEKTHBHOH TH(QY3HH comneil H3 IOYBBL H OT TPYHTOBBIX BOJ
YBEIHYHBAETCA MHHEPATH3AIHA BOJBI B PHCOBBIX 4eKaX H JOCTHTAaeT KPHTHIECKOTO IOPOTa TOKCHIHOCTH 2,5 /I
[7.8]. I CHEUKCHHA MHHEpAIH3AIHH BOJBI B YeKaX HEOGXONHMO MPOH3BOJHTH CGPOCH BOJBI C MOCIEYIOMIENO
3aTOILICHHA H3 OPOCHTENBHOTO KaHaua. JIii CEMHIIONBHOTO H JEBATHIONBHOrO PHCOBBIX CEBOOGOPOTOB HA STHX
3eMIIX HEOGXOMMO H3MEHHTh KOHCTPYKIHIO PHCOBO# KapTsl «KyGaHCKasy, BBIIONHHTD PACCTOAHHEM 60 M BMECTO
350-400 M mpoekTHOH. PHcoBas kapTa «KyGaHCKas» ¢ MEXIPEHHBIM PAacCTOAHHEM 60 M OGECIEUHT IpeHaKHBIT
crok 0,37 1/c.ra, NpeOTBPATHT BTOPHIHOE 3acoleHHe 1odB [5,6,7].

KiIi0ueBble CJ10BA: T€ONOTHA, MOYBEHHBIH IOKDOB, IHTONOTHA, 30HA a3DAIHH, TAKBIDHI, MHHEPATH3AIIHA,
BOJIOIPOBOTHMOCT, 3aCOICHHE, PHCOBEIE CHCTEMSI, BOJIHO-COIICBOH GATAHC, PHC, YPOXKAHHOCTS.
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Abstract. Akdala rice irrigation system is located on a high above-floodplain terrace of the Ili
river basin, the geological structure of the top layer of soil is represented by 50 varieties that
affect the rate of water consumption and rice yield. The soils are alluvial-meadow and takyr, the
lithological composition of the aeration zone soils is characterized by a wide variety, differing
in mechanical composition, water-physical properties and the degree of salinity. Water filtration
on sandy loam, light loam, loam with layers of sandy loam rice paddies during rice irrigation
constitutes 12-17 mm/day, which provides water renewal in rice paddies and removal of salts
from the root layer of the soil. Rice is grown without flow and discharge of water from rice
paddies, the rice yield is 6,8 t/ha and higher. Water filtration on heavy loam, loam with layers of
clay soils rice paddies during rice irrigation constitutes 5-3 mm/day. On these soils, due to the
convective diffusion of salts from the soil and from ground water, the salinity of water on rice
paddies increases and reaches the critical threshold of toxicity of 2,5 g/l. To reduce the salinity
of water in the paddies, water is discharged, with subsequent flooding from the irrigation
channel, the rice yield is 4,8 t/ha. The rice paddies water balance of the incoming and outgoing
is stable. In the aeration zone during the irrigation period desalination occurs in salt balance; in
autumn-winter period salts from the lower horizons are redistributed to the upper ones. Rice
cultivation, taking into account the geological structure and lithological composition of soils in
the aeration zone, provides a profit per hectare of 86,988 tg/ha, the profitability ratio is 25,5%.

1. Introduction

Akdala rice-growing area, located in the Ili river basin, is one of the most promising rice-growing areas
of Kazakhstan. Currently, 31 thousand hectares have been used for rice growing there, and up to 43
thousand hectares can be used for rice crop rotations in the future.

The geological structure and lithological composition peculiarity of the upper soil level of the Akdala
rice irrigation system is that it consists of large variety of soils, associated with the features of their
formation, lithological structure, affecting the filtration water outflow, the soils reclamation regime, the
water consumption rate and rice yield [1, 2, 3]. The most active zone of the soil-ground in agricultural
constitutes 20-25 m. thickness of alluvial upper quaternary and modern sands, sandy loams, loams and
clays, the filtration coefficient of which is 6 m/day and water capacity is 1,400 m*day. The high water-
transmitting capability of the active soil layer during rice irrigation creates an outflow of ground water
from the high sections of the rice irrigation system to the lower ones, which are subject to secondary
salinization and water logging and are considered as problematic in the Akdala rice system [4, 5, 6, 7].

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
BY of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOIL
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The field study was conducted on the rice paddies of the Vladimir farm of Balkhash district, Almaty
region. The chemical composition of soil salts in the aeration zone during the rice irrigation period, as
well as filtration and mineralization of the water layer of rice paddies, water consumption and drainage
rates and rice yield were determined in the spring before rice sowing and in the autumn after harvesting.

2. Results

In 2019, the summer was hot, with temperatures reaching 43 °C on some days in July. The sum of the
average monthly air temperatures for the growing period, according to the weather station in Bakanas
village was 3,340 °C, which is higher than the average long - term value by 274 °C. As the sum of
temperatures increases, transpiration from rice plants and its yield also improves (figure 1). [8, 9]
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Figure 1. Dependence of Akdala rice system crop Figure 2. Water filtration from rice paddies in
on the sum of air temperatures during the growing irrigation period: 1 — loam soils with layers of
season. sandy loam; 2 — loam soils with layers of clay.

Depending on the geological structure and lithological composition of soils in the aeration zone, the
filtration of water on rice paddies during the irrigation period varies significantly (figure 2). On sandy
loam, light loam and loam with layers of sandy loam soils, there is a free outflow of filtration water,
which during the flooding of rice paddies comprises 12.4 mm/day, at the end of the irrigation period it
becomes 7.8 mm/day, the salinity of water in rice paddies during the irrigation period is 726 mg/l, water
discharges from rice paddies during the irrigation period were not made. On loamy soils with clay layers,
filtration during the initial flooding is 6.8 mm/day, at the end of the irrigation period — 3.3 mm/day,
water salinity in rice paddies increases during the irrigation period and at the end of May is 1,310 mg/1.
In June, during the period of rice plants tillering, when the water layer in the paddy is reduced to 5 cm,
the water salinity reaches the critical threshold of toxicity of 2,530 mg/l, the water from the paddy is
discharged, followed by flooding with water from the irrigation channel. In subsequent periods of
vegetation of rice plants, the salinity of water in paddies remains 705-1,302 mg/l, which is below the
critical threshold of toxicity of 2.5 g/l (figure 3).

The Akdala rice irrigation system contains soil characterized by light loams, loams with sandy loam
and sandy loam layers, which constitute 90% of the irrigated area [2,3]. On these lands, ground water
during the irrigation period does not merge with irrigation water and water exchange in the paddies
happens due to filtration water, which removes salt and harmful toxic elements from the soil. Land with
heavy loams, loam with layers of clay soils are located in microdepressions, on which during the
irrigation period the groundwater merges with the water of a rice paddy and the water mineralization in
paddies increases by the convective diffusion of salts from the soil and groundwater. When a critical
threshold of toxicity 2.5 g/l is reached, water from the paddy has to be discharged, followed by flooding
to the same level of irrigation water from chanel [8, 9].
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Figure 3. Mineralization of water in irrigation canal and rice paddies: 1 — irrigation canal, 2 —loamy
rice paddies with sandy loam layers, 3 — loam rice paddies with clay interlayers.

Water mineralization in rice paddies affects the growth and development of rice plants [10, 11,
12, 13]. The negative influence of salts is that the salts increase the osmotic pressure of soil solutions,
reduce transpiration, inhibit the ionization of mineral fertilizers, some of which remain in an
undissociated state and therefore are inaccessible to plants, cells receive less water and dissolved
elements of mineral nutrition, which results in reduction of rice yield (table 1).

Table 1. Productivity of rice plants and its yield rate on the experimental production field of the
Vladimir farm.

Soil structure Number of Number  Tilling Thousand Panicle Crop yield,
plants, of stem,  capacity  grain grain centners per
unit/m? unit/m? weight, gr.  weight, gr.  hectare

Sandy loam

soils, with

183.4 204.4 1.118 27.17 3321 67.8
layers of sandy
loam
Loamsails with 153 173 L13 26.7 277 48.2

layers of clay

Regarding water balance of rice paddies, water supply constitutes 25,300-26,800 m*/ha, total water
consumption is 10,108 m*ha, water filtration on from rice paddies is 3,910-11,290 m*/ha, drainage
runoff and outflow of ground water is 6,300 — 9,400 m’/ha, discharge runoff is 1,800 m*/ha, balance
discrepancy is 1.3% (table 2).

Table 2. Water balance of rice paddies on the experimental fields of the Vladimir farm.

Rice paddies Rice paddies
Ne Item without water with water
discharge discharge
Inflow
1 Water supply 26,800 25,300
2 Precipitation and groundwater inflow 980 1,900
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TOTAL 27,780 27,200
Outflow
1 Soil saturation 2,400 2,350
2 Total transpiration loss 10,108 10,108
3 Filtration 11,290 3,910
4 Waste water - 1,800
5 Drainage runoff and outflow of ground water 6,300 9,400
TOTAL 27,698 27,568
Discrepancy 82 -368
0.3% -1.3%

In the salt balance of the aeration zone, salt removal prevails over the intake; loam soil with layers
of sandy loam is slightly saline, in the spring before rice sowing the salt content in the aeration zone of
1.8 m is 33.62 t/ha, in the autumn after rice harvesting - 31.38 t/ha, the balance discrepancy is 2.1%.
Loam soils with clay layers are saline and the salt content in the aeration zonein spring is 57.15 t/ha, in
the autumn after rice harvesting constitutes 33.59 t/ha, while the balance discrepancy is 1.0% (table 3).

Table 3. Salt balance of rice paddies on the experimental field of the Vladimir farm, t / ha.

Elements of salt balance Loam soils with Loam soils with clay
layers of sandy loam  layers
S1 —salt reserve of the aeration zone before rice  33.62 57.15
sowing
S, — arrival of salts with irrigation water 10.72 9.72
S3 — salt intake from ground water - 7.0
TOTAL 44,34 73.87
S4 — stock of salts in the aeration zone after the 31.38 33.59
rice harvest season
Ss — salt removal by filtration runoff 4.50 3.52
Se —salt removal by waste water - 1.44
S¢ — salt removal by drainage runoff and 7.52 34.58
groundwater outflow
TOTAL 434 73.13
Balance sheet 0.94 0.74
Discrepancy, % 2.1 1.0

Rice irrigation by taking into account the geological and lithological structure of the upper soil layer,
provides a profit of 93,564-62,612 tg/ha and profitability rate of 26.9-25.0%. When rice irrigation at the
Vladimir farm is carried out without taking into account the geological and lithological structure of the
upper soil layer and with water discharges during the irrigation period, the profitability of all rice
paddies is lower by 38,678 tg/ha and 10.2 %, respectively (table 4).

Table 4. Economic efficiency of rice cultivation taking into account the geological structure and
lithological composition of soils in the aeration zone.

Indicators Rice paddies  Rice paddies ~Weighted Control, Discrepancy
without with water average rice paddies
water discharge values at the farm
discharge
Area, ha 25.2 2.8 28.0 100
Rice yield, t/ha 6.8 4.8 6.6 49 +1.7
Irrigation norm, m*ha 26,800 25,300 26,650 31,300 -4,650
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Water consumption m¥/ 395 525 405 643 -238
centner

Rice production cost, 5,120 5,201 5,178 5,508 -330
tg/centner

Profit, tg/ha 93,564 62,612 86,988 48,310 +38.,678
Efficiency, % 26.9 25.0 25.5 15.3 +10.2

3. Conclusion

Rice cultivation on the Akdala rice irrigation system, taking into account the features of the geological
structure and lithological composition of the soil in the aeration zone, saves 46,500 m? of irrigation water
and additional rice yield of 17.1 thousand tons per year. The ecological effect of this method is vise able
in reduction of the wastewater discharge volumes from rice paddies by 18.6 million m? per year, which
overflows the drainage channels and reduces their draining effect. [14]
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MaTepual peTiHAeri OpPMaHHbBIH KYHbIH ecenteyre 0onajsl. HopmaTtuBTep opMaH KoJeKCiH Oy3raHbI
YLIiH affbIIYJIIBI ecenTey Ke3iHae OHAIPICTIK YHbIMIapaa KOJIaHbUTYbl MYMKIH.
Kinm ce30ep: 01n0>KOHOMHKaJIBIK Oaraiay, KalblH OpMaHAapbl, KOMipTEKTi TYHIBIPY
(DYHKIMSACHI, OTTET MIBIFAPAThIH QYHKIIHS.

STANDARDS FOR BIOECONOMIC PRODUCTIVITY OF BIRCH STANDS OF ISLAND
HOGS OF KOSTANAY REGION

Pankratov V.K., Shishkin A.M.
«Kazakh research Institute of forestry and agroforestry» LLP, Shchuchinsk

Abstract

The article reflects the results of the assessment of the economic productivity of birch stands
of Kostanay region according to the data of the growth progress tables (THR) obtained from the
materials of forest management works. Bioeconomic assessment of forests at the present stage of
development is one of the goals of conservation and rational use of forests. According to the
obtained standards it is possible to calculate the total cost of forest resources, including forest
functions (water protection and water regulation, dust collection, recreational, etc.). Research
methods are presented in the derivation of linear formulas for calculations of bioecological
productivity in MCI. As a result of calculations standards on economic assessment for birch stands
of island hogs of the Kostanay region are received. According to the obtained standards, it is
possible to calculate the cost of forest as the main material in the oxygen-producing carbon-
depositing balance of the country. Standards can be applied in production organizations when
calculating a fine for violation of the forest code.

Key words: bioeconomic assessment, birch forest stands, carbon deposition function, oxygen
producing function.

YIK: 631.67
YIPABJIEHUE BOJAHBIMU PECYPCAMM BACCEHA APAJIBCKOI'O MOPS
Pay A.I'., Kanamesa XK.K., Kaasi6exoBa E.M.
Kazaxckuil nayuonanbHulll azapHulil YHUGepcumem

AHHOTaNUsA

AHanu3upyeTcs TeKyliee COCTOSIHUE BOIHBIX PECypcoB OacceliHa ApanbCKOro MOPS ¢ TOYKH
3pEHUS TIPEUIOKEHHsI, TOTPEOICH S W MPABOBBIX / HHCTUTYLHOHAJIBHBIX PAMOK, PEryJHPYIOIINX
€ro  WCIoJb30BaHUe. PaccMaTpuBaroTCss  BONMPOCHI  BojgocOepeskeHHs: W 3(Q(HEKTHBHOCTh
HCIIOJIb30BAaHUsI BOJIHBIX PECYPCOB Ha PHCOBBIX OPOCHTENBHBIX CHCTeMax OacceifHa ApanbCKOro
Mops. JlaHbl peKOMEHJAlMU U JeHCTBUS, KOTOPbIE MOTYT OBbITh MPEANPHUHATHI Ul YIy4ICHUS
BOJI000ECIIEYEHHOCTH 03€PHBIX CHUCTEM JIeNIbThI OacceiiHa pexu ChIpaapbsi.

Knrwueevte cnosa: ynpaBiieHue BOJHBIMH PecypcaMu, BOJOCOEpEKEHUE, BOAHBIE PECYpCHI,
PHCOBBIE OPOCHUTEIIbHbIE CUCTEMbI, BOJIHBIN OallaHC.

BBenenne

Boamusie pecypcel GacceiiHa ApajbCKOro MOpsi, KaKk MPUPOAHBIC PECYPCHI, BIHSAIOT Ha
B3aHMOJICHCTBHE ¥ B3aHMOOOYCIIOBICHHOCTh KOMIIOHEHTOB (aTMoc(epa, OuoTa, mo4Ba, rpyHTOBbIC
BOJIBI), KOTOPBIE UCIOJB3YIOTCS denoBekoM. Kak mpupoaHoir 00bekT OacceitH ApaibCKoro Mops
BBITIONHACT (QYHKI[HU PErYIHPOBAHUS MPHPOJHON CHCTEMBI B IEIOM H MPEIOCTAaBISCT YETOBEKY
9KOCHCTEMHBIE YCIIYTH, KOTOPbIE BKIIOYAIOT: PEryJIHPOBaHHE KIMMAaTa M KayecTBa aTMocdepHOro

245




image100.jpeg
Iznenictep. notmkenep — Mcenenopanns, pesynbratel. Nel(85) 2020. ISSN 2304-3334

BO3/IyXa, P&KHMa U KauecTBa BOJIHBIX PecypcoB, 6MOpazsHOOOpa3ys; MPOAYyLMPOBaHHE GUOMACCHI;
peryJiMpoBaHHs ITIPOLECCOB MMOYBOOOpPa30OBaHHs, KU3HEOOpa3oBaHUs veloBeka. Kak mpupoHbii
pecypc GacceifH ApajbCKOro Mopsi MPEJOCTaBIsAET YeJOBEKY MaTepuaibHble YCIyrd u Onara —
IIPOJIOBOIBCTBUE, CHIPbE, TOIUINBO, TEHETHIECKUE PECYPCHI AUKOI MIPUPOABI, YUCTYIO BOLY, BO3LYX
U 7p.

CrenoBarenbHO, MarepuaibHble 0O7ara M 30pOBbE  4YEJIOBEKA  HEMOCPEJCTBEHHO
OIpeeNsIeTcss HATMIHEM BOAHBIX PECYpPCOB, BIMSHHEM HX Ha COCTOSHME MIPHPOAHBIX dKocucTeM. B
CBA3M C OTHUM TMPEJCTAaBIAETCS BO3MOXKHBIM PAcCMOTPETh BOIPOC: YNPABICHHE BOIHBIMU
pecypcamMu, KakHe MEXaHH3MBbl ONPENENIAI0T MX 3amachl Ha NPHPOJHBIX KOCHCTEM U B KaKoH
CTEIIeHM W3MEHEHHE DJKOCHCTEM BO3JCHCTBYeT Ha OmarococTosHHe denoBeka? OCHOBHBIM
MEXaHU3MOM, ONpEEIISIONIUM COCTOSIHUE YKOCHUCTEM, SBJISETCS OMOreOXMMHUUECKHH KPyroBOpOT,
BKJIFOYAOI[HIT OHOTEOXHMMHUYECKHE TOTOKM B CHCTEMe: aTMocdepa — cyma — rujporpadudeckas
CeTb — PeUHbIe JOIUHEI — ApaIbCcKOe Mope.

MeToauka ucciaeJoBaHuii

HccnenoBaHuss NPOBOAMIINCH HAa OCHOBE CPaBHUTENBHOTO aHAIM3a C HCIOIb30BaHHEM
JOKYMEHTAIbHBIX M HAyYHBIX HCTOYHHKOB, HWH()OPMAIHOHHBIX, CTATHCTUYECKUX MAaTEpHaloB,
MaTepuagoB TUIPOMETEOPOJOTHYECKHX HAOMIOAEHUH, BOJOXO3SIMCTBEHHBIX OpraHM3alui U
TIOJIEBBIX MCCIEI0BAHMII HA PUCOBBIX OPOCHTENBHBIX CHCTeMaX. MIHTeHCH(HKANUs HCIOIb30BaHUL
BOJ03eMEIbHBIX pecypcoB B Ilpmapanbe TpeOyeT HanbHEHIIEro COBEPHICHCTBOBAHUS METOIUKH
YIpaBJIeHHs1 BOJHBIMH PECYPCaMH U PALHOHAIBHOIO UX MCIOJIB30BaHUs. DTO JOKHO UCXOAUTH U3
CIEYIOIMUX MOCBUIOK: BO-HEPBBIX, U3 YCIOBHH PAllMOHATEHOTO HMPHPOJOIOIb30BAHUS C yIETOM
9KOJIOr0-9)KOHOMHYECKHX ACIIEKTOB JTOH MPOOIEeMBI, BO BTOPBIX, HX CO3[AaHHS KOIMYECTBEHHBIX
METO/IOB,  TIO3BOJIIOIIMX  BCECTOPOHHE  aHAM3UPOBATh  MPOLECCHl  (YHKIHOHHPOBAHHS
npuponoxo3siictBeHHbIX KomiuiekcoB (IIXK), B TpeTbuX, M3 HaXOXICHHS NPEANOYTHTENHHBIX
myTell MX JalbHEHIIEr0 pasBUTHA C Y4YeTOM MO3UTHBHBIX M HETaTUBHBIX IOCIEACTBUI
HCIIOJIb30BaHMS BOJJO3EMETBHBIX PECYPCOB.

BrruneHeHne MEMMOPATHBHOIO Ol0OKa M3 0O0meil BOMOXO3SAICTBEHHOH CXEMBI IO3BOJISIET
YCTaHOBHUTH B3aUMOCBSI3M BOJHOTO, COJIEBOT0, MUTATEIBHOTO, TEILIOBOTO H BO3LYIIHOTO PEXKUMOB
HIOYB C MOCJEYIONIEH OLIEHKOH NMPOJYKTUBHOCTH CEIbCKOXO3SHCTBEHHBIX KyJIbTYp M COXPaHEHHMS
MOYBEHHOI'0 IUIOJOPOAUS M ONTHMAIbHOTO HCIIONB30BAaHUS BCEX BHOB PECYPCOB B CO3IAHUH
YCIOBHH, IO3BOISIONIMX  MHHHMH3UDOBATh  HETaTHBHBIE  BO3JCHCTBHUS, CBSA3aHHBIE C
HCIOJIb30BaHHEM BOJI03€MEIIBHBIX PECYPCOB Ha OKPYKAIOIILYyIO Cpesy.

O0cy:xaeHHe pe3y/1bTaToOB

Bonpimue moTepu BOAbl B OPOCUTENBHON CETH, HEONPABAAHHbIC 3aBBIIICHHBIC OPOCHTEIBHEIC
HOpPMBI PHCa, BBI3BAHHBIE HENPOM3BOIAMUTENBHBIMU (CTHXMIHBIMH) cOpOCaMH BOIbI M3 PHCOBBIX
9YEeKOB B MOJIMBHOH HEpHOJ, BeOyT K Iepepacxoixy MOIHMBHOW Boibl. Tak, B IPOM3BOJCTBEHHBIX
YCTOBHSIX OPOCHTENbHAS HOPMA PHCA Ha 3aCONEHHBIX 3eMIIIX M3MeHseTcs oT 28500 m/ra g0 31800
M/ra, cpemHe u c1ab0 3acONEHHBIX 3eMiusx — oT 24900 mra no 26300 m*ra. B onbrtax
BBINOJIHEHHBIX Ha ONBITHO-NIPOU3BOACTBEHHBIX ydacTkax TOO «Kamnrorait u K» u TOO «becapbix»
Ha 3aCONIEHHBIX 3eMJISX OPOCHTENbHAs HOpPMA puca He mpeBbimaeT 26900 m>/ra, Ha cpemme u
cn1abo3aconeHnbIx 3emisax — 24200 m/ra. TIpu sTom yposkaitHocTs puca Ha 18% Bblile, yeM Ha
MIPOU3BO/ICTBEHHBIX IIOCEBaX.

CHIDKeHHE YIeTbHBIX 3aTpaT Bozsl ¢ 31800 M*/ra 1o 26900 M3/ra Ha 3aCONIEHHBIX 3EMJISIX U C
26300 m*/ra no 24200 M*/ra Ha cpeaHe M cnaGo 3aCONEHHBIX 3EMIAX MO3BOJUT COIKOHOMHUTDH C
miomTany ocesa puca 82 Tric. Ta 10 300 MyTH.M? B TOJ, KOTOPEIH MOTIOTHUT 03¢PHBIE CHCTEMBI I
pUTOK B Manslit Apai.

AHTpOIOreHHOE COKpalleHue cToka peku ChIpAapbH U NaJeHHe YpOBHsS ApajbCKOro Mops
obocTpuio mpobiaeMy OOBOJHEHHUS AENBTHL B CEMUACCATHIX TOAAX 3A€Ch OBUIH IIOCTPOCHBI JBa
BPEMEHHBIX BOJOMOABEMHBIX TMAPOY3JIa, O00ECNEeuHBaIOIMX CAMOTEYHYIO BOJOMNOAAYy B
JIeNIbTOBbIE 03€pHBIE CHCTEMBI [1].

B Tabmuue 1 mpuBeneHsl MOKa3aTeNd paclpeneneHus cToka pekd ChIpAapbH 3a MOCIETHUE
11 ner. IIpuToK B BepIIMHY AEHBTHI 33 3TOT MepHO U3MeHsuics oT 3,59 km*/rox o 9,50 km>/rog,
npu cpenneM 3uauennn 8631,9 mmn./m® B ron. M3 cymmapHoro o6bema mputoka B ety 23%
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CTOKa H3pacXol0BaHO Ha OOBOJHEHME €€ TeppUTOpUM, 77% COCTaBHIM IIOMYCKM B O3EpHBIE
CHCTEMBI JIENbTHl M BOJONOTpeO]EeHHE CEBEPHONH YAaCTH M ApalbCKOrO MOps, BKJIOYas €ro
HAaMoJIHEHHE U UCIIAPEHUE C BOAHOM MOBEpXHOCTH (Tadamua 1, pucyHnok 1).

Tabauna 1 — PacnpesienieHne pevHOro NpUTOKa K BEPIIMHE JIEIbThI B TOY (MJ‘IH.MS)

Mecsupt Peunoii npurok k | Bogoszabop B | Bonosabop B | Ilomycku B nenbTy 1
BEpILINHE JICTBTH | OPOCHTENIbHBIC KaHan Akcait Mope
KaHAJIbI
SuBapb 1761,0 29,6 81,0 1650,4
Mapr 1191,0 52,5 85,9 1052,6
Anpenb 1045,0 44,4 71,9 928,7
Mait 1860,0 125,2 0,0 608,6
Hionp 409,0 175,3 0,0 234,0
Hionp 339,2 174,8 40,0 1244
2005 77,1 778,7 34,6 324
2010 99,3 1002,9 44,6 41,8
2015 42,9 4333 19,2 18,0
2016 224,0 22624 100,6 94,3

Ll 10 11 12

= BoaciaGop & xanan
Axcaii

= BonosaGop &
opocHTENRHEIE
[—

= TMonycsn 5 aeanty
u mope

ALeC s

Pucynok 1 — Pacnipesienenue peqHoro MPUTOKA K BEPIINHE AETHTH B TOLY (MITH.M®)

Tpu Tomycke B AeBTY 1 Mope 7461,2 MiTH.M? B TOJT 03€pHEIE CHCTEMBI IOTpebstoT 2732,67
MITH.M® BOJIbI, B Malblii Apan mocTynaet — 4728,5 MiIH.M® BOJIbL

Tab6anua 2 — [lnomans 1 00beM BOJONOTPEOJICHUS 03EPHBIX CUCTEM BTl CPETHEH BOAHOCTU

croka p.Chipiapbu

OsepHast cuctema ITnomiane, ra O06beM, MITH. M’
JHenbra 220654,0 2672,77

Osepa 75320,0 1167,47

Bornota 30168,0 301,68
CeHOKOCHI M MacTouIa 61857,0 661,86

Jleca u KycTapHHKH 49059,0 475,89
TIpynosoe x03saicTBO 4250,0 65,88

TloTepy o MarucTpaabHbIM KaHAJIaM U peKe 59,90

Bcero 220654,0 2732,67
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Ipu BHexpeHuH BojpocOeperaroIiel TEXHOJIOTMH OPOILEHHUs puca 00BbEM IMOCTYIUIEHHS BOJbI B
Manbiit Apan coctaBut 5188,5 MitH.M® B roj1, OTMETKa YpOBEHb BOJIbI MOAHUAMETCS HA 6 CM, TLIOMIAIb
akBatopuit Ha 23,0 kM? (Ta6iuua 3).

Tabauna 3 — Boaublii 6aianc Masoro Mopst

Cpe/iHHIA 10 BOIHOCTH TOJ{ HPH Cpe/iHHiA 110 BOJHOCTH TOJ{ HPH

Hoxasarem CYILECTBYIOLIEH TEXHOIOTHH BHEZIPEHUH Boztocheperarorueit
OpOLICHHUSI pHca TEXHOJIOTHH OPOLLICHHSI prca

1 xB. 2 KB. 3 KB. 4 xB. 1 xB. 2 KB. 3 kB. 4 xB.

OtmeTKa ypoBHsi, M. abc, Z 40,72 | 41,25 40,92 |40,32 | 40,72 | 41,25 | 41,22 | 4131

O6beM BOJIHOM Macchl, KM, W 26,00 | 27,37 | 26,51 | 2496 |2532 |2651 |2729 |2752
IInomanp akBaTtopum, ThIC.KMZ, F 3,25 3,38 3,30 3,16 3,19 3,30 3,37 3,39
Peynoii mputok, km>, Q 142 1,37 045 0,82 1,53 1,70 1,96 2,04
O0beM BHAMMOIO HCIApEHHUS], kv, E | 0,05 0,74 1,62 0,46 0,05 0,73 1,66 0,49

Crok B Bosbioe mMope, km?, G - 1,49 0,38 - - - - -

Msmenenne obbema Mops, km®, AW | 1,37 -0,86 | -1,55 |036 1,19 0,78 0,23 1,19
H3menenue yposHs, M, AZ 0,53 -0,33 | -0,60 |0,14 0,46 0,30 0,09 0,46

HatypHble HaOMIONEHUS 3a MCIAPEHHEM B JEJIbTe HE NPOBOJWIINCH, IOITOMY IS PacueToB
ucrapeHus OBUIM MCIOJIb30BAHbI MaTepUabl TMAPOMETEOPONIOrHYeCKHX HaONOJeHUH CTaHIMH T.
Kazamunck u n. Kocxap.

Cranmus  Apamsckoe Mope ©3  pacdeToB ObUIa  HCKIIOUEHA H3-32  IMOBBIMICHHOH
KOHTMHEHTAJbHOCTH KJIMMaTa (BIaXHOCTh Bo3myxa Ha 20-30% Hipke, 4eM Ha JPYTMX CTaHIMAX).
Pacuer ucmapeHnss IpOBOAIIICS UL CIEAYIONIUX MOBEPXHOCTEH: JIENBTOBBIE 03epa H MEIKOBOIBE,
©60110Ta ¥ JIyTOBEIE 00JIOTA, 3aTIMBHBIE CEHOKOCHI H OPOIIAEMBIE 3EMITHL.

VcniapeHne ¢ BOJHOH MOBEPXHOCTH OINMPEIEISIOCh COrnacHo pekomenpaumsm ['TH/38/ u mo
anpobupoBaHHON Hamu panee Gpopmyne A.IL Bpacmasckoro [2].

1
Ezm*(en+e2)t; (1)

rae: Ko u K — nnTerpambable kod(humuenTsr MaccooOMeHa B3Ko OydhepHoro cnost arMocepsl Hax
HUM.
Ko =350 mm/(cyT*I"ma);
_ Usy Usry 0,7 15033
k= 0,22 (?) + 1,3 {exp [—1,4 (—) ]}&*ao'”— (2)

at 2 (273+15)033 7

dt=0,916 + 0,00634t>; 3)
6t=tn(1 +%)—t2 (1 +%); @)

T'ne: U,y - uCTUHHAS CKOPOCTB BETPA;
Uyy =V, +0,4/(1 + 1,6V,%) — nipu u3MepeHnn ckopocTH Betpa anemMometpom V, 1 (5.4)
Upy = Vyp + 1,4/(1 + 0,4V) — dmorepom Vy; 5)

T'ne: e, - MaxcumambHas ympyrocts BomsHoro mapa (I'TIA), ompenensemas mo TemmepaType
MOBEPXHOCTH BOJIBI; €;, t, - BI@KHOCTb M TEMIIEpATypa BO3JyXa Ha BBICOTE 2 M; P,- aTMOc(hepHoe
nasiieHue, [1a.

Cpennue Haj  BOAHBIM — OOBEKTOM — 3HAYEHHs  METEODIEMEHTOB  ONPENESUIMCh  T10
YCOBEPIIEHCTBOBAHHON METOIMKE HX OLIEHKH; IIOAPOOHO H3I0XKEHHOH B pabote [3].

B Tabnmue 4 npuBeleHbl €XKEroiHbIE IAHHBIE MO MCHAPEHHMIO CO BCEX BBIICIEHHBIX BUIOB
PACTHTEIBHBIX COOOIIECTB.

B cpemmeM 3a HccnexyeMblii IEpHOA CIOH HCTIApEHNs ¢ BOTHOU IoBepxHOCTH coctasister 1100
MM, HE3HAUUTEIbHO MEHSISACh OT rojia k roxy ot 1033 1o 1150 MM B roa.
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Tabanua 4 — 3HaueHus UCIAPEHUS U TPAHCIUPALUU € PA3IHYHBIX 00BEKTOB B AeibTe p. ChIpaapbH,
MM.

Ton Ey Enn.

Ess Eop Ec.u Eﬂp.K

2005 1049 1563 1033 1009 503 1033
2006 1150 1714 1133 116 552 1133
2007 1092 1627 1076 1052 524 1076
2008 1066 1581 1045 1021 509 1045
2009 1077 1605 1038 1030 517 1038
2010 1033 1539 1017 1006 495 1017
2011 1100 1638 1083 1060 528 1083
2012 1112 1657 1096 1069 534 1096

OneHKka CyMMapHOro HcmapeHus (T.e. 3aTpaThl BOJABI Ha HCMApeHHe M TPaHCIHPALHMIO) C
YYaCTKOB JIGNbThI, 3aHATBIX BIIArONOOMBONH PACTUTENBHOCTBIO BBINOJIHEHA C MCIOJIBb30BAaHHEM paHee
YHOMSIHYTBIX METOJUYECKHAX PEKOMEH/IAINI 110 pacueTy HCIapeHus ¢ BOJHOH IOBEPXHOCTH (Tabaumna
5)[4,5].

B Tabmume 5 — OOheMb TOTeph HA WCTIAPEHWE W TPAHCIHPAIHIO C PASTMUHBIX YIOMWH JENBTHI
.ChIpaapbH, KM

Tox Bomnas Tonymorpyxen- | 3abonouennsie | Opomaemsie | Cyxomonsl | Tyraitupni | Cymma
TIOBEpX- Hble TpOCTHHKH | 3eMIIn 3eMIIH nec
HOCTb
2005 0,38 0,18 0,40 0,45 0,17 0,06 1,64
2006 0,42 0,20 0,44 0,50 0,19 0,06 1,81
2007 0,39 0,19 041 0,47 0,18 0,06 1,70
2008 0,38 0,18 0,40 042 0,18 0,06 1,62
2009 0,39 0,18 0,40 0,40 0,18 0,06 1,61
2010 0,37 0,18 0,39 0,36 0,17 0,06 1,53
2011 0,40 0,19 042 0,35 0,18 0,06 1,60
2012 0,40 0,19 042 0,32 0,19 0,06 1,58
Cpennee | 0,39 0,18 041 041 0,18 0.06 1,62

Crenupudeckue BOIOXO3sHICTBeHHBbIE mpoOneMbl [lpuapanbst 00yCIOBICHBI H3MEHEHHEM
PETrHOHAIBHOX BOZIOXO3SHCTBEHHOH KOHLENIMM HO OacceliHy ApanbCKOTO MOps, IONydHBIIeit
OpHEHTALMI0 HAa HAIMOHAJbHBIE NPOrpaMMbl pa3BHTUS. ODTO BBIPA3HIOCh B  H3MEHEHHH
THUIPOJIOTHIECKOTO pekuMa p. ChIpapby B HU30BSIX OTHOCHTENIHHO IIPE/IIIECTBYIONIEro IepHOAa.

Ha ocHOoBaHMM HaHHBIX IO BOJOCOEperaromeil TEXHOJIOTHH OpOIICHHS pUCA BBIIBICHEI
COBPEMEHHBIE 3aKOHOMEPHOCTH THAPOIOrHYECKOro pexxuma pekd ChIpiapbu B HH30BBSX, I'OJOBOH
crok p. Celpmapsi B JeNbTy yBenmdauBaeTcst Oonee deM 460 MIH. M BOABI B IO JOCTUTHYB 7461, 2
MITH.M.

Iposenenue nomyckos 1o p. Ceipaapbe B ApajlbcKoe COCOOCTBYET HAMOIHEHHIO 03€P JIEIbTHI.
IInomans O3epHBIX CHCTEM BEpXHEH IeIbThl yBenHuHTCs B 1,28 paza OTHOCHTENBHO MHHHMMAIEHOIO
cocrosiius (1987 ron), HaroHEHUE 03ep MPUMOPCKUX CUCTEM MPEBBICUT NPOEKTHBIH ypoBeHb Ha 30%.

B pesynbrare (hopMHUpOBaHUS aKTHBHOTO BOJOOOMEHA B JEJIBTE NO3BOIHUT MOCTABUTH JHArHO3
TIPOU30LIEAIIETO OCOJIOHEHHUS JIEIBTOBBIX 03ep B mepuoj ¢ 1974 r. mo 2012 r., korna Bo3BeIeHHEM
BPEMEHHBIX PEUHBIX THAPOY3JIOB OBLIO HAPYIIEHO ECTECTBEHHOE ONPECHAIONIEE BO3JCHCTBHE peKH Ha
03€pHbIE CUCTEMBI.

Ha ocHOBaHMM aHAIMTUYECKUX PAcueTOB ONpEZeNeHbI OTEPH BOABI B AenbTe p. Chprapby Ha
ucrniapenue. B cpenHem cioil ucriapeHust ¢ BOJHOH MOBEPXHOCTH JenbThl coctaBur 1100 mm/rox,
HE3HAYNTENIbHO M3MeHsACh 1o rogam. Cpenuuil o6beM BOJBI HAa HCHApEHHME C Pa3IMYHBIX Yrojuit
NeTBTHl COCTaBH B cymMe 1,62 KM’/rofi, B T.4.. BOjHAs MOBEpXHOCTH — 0,39, TOMYTIOTPYKEHHBIE
tpocTHukH — 0,18, Tyraitubiii nec — 0,06 kv>/rox. Thowaam yroauii onpeeneHs! 1o KOCMOCHUMKAM 3a
OT/IEJIbHbIE TOJIBL.
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PacueTsl BOIHOrO pexuMa CeBEpHOM yacTH ApajbCcKOro Mops IOKa3alld, YTO IPH BHEIPEHHUH
BoziocOeperaroneii TEXHOJIOTHH OPOLIEHHs PUca IPUTOK B MOPE, U3MEHSSICh B OT/EIbHbIE Tofibl OT 4,49
10 7,80 kv,

VYopasneHue BOJHBIME PECypcaMH M HX BOJOOOECIICYEHHOCTb, KaK KPUTEPHH HaIEKHOCTH
npupoHO-x03stiicTBeHHbIX cucteM (ITXC) apuaHbIX perMoHoB, K KOTOpbIM oTHocutcs Ilpuapanbe,
HpeJcTaBIseT co00if COBOKYITHOCTb MOKa3aTesel, XapakTepu3yloliuii CTelmeHb M BEPOSTHOCTH
YIOBIETBOPEHHs HOTpeOHOCTel B BoAHBIX pecypcax [IXC B neoM 1 ee KOMIIOHEHTOB.

Bopoobecneyennocts ITXC 3aBHCHT ¢ 0ZHOM CTOPOHBI OT €CTECTBEHHON M3MEHUHBOCTU BOIHBIX
PECYPCOB B IPOCTPAHCTBE M BPEMEHH, C APYroi cTopoHs! oT [IpaBui peryaupoBaHys U pacrpeaeeHus
BOAHBIX pecypcos B [TXC.

[IpoGnema BOIOOOECTIEUEHHOCTH MEXKIOCY/apCTBEHHOH MPHPOJHO-XO35HCTBEHHOH CHCTEMBbI
Gacceiina p. CeIpiapbH y)K€ B HACTOsIIIEe BPEMs SBISETCA BECbMa OCTPOH. YUMTBIBas MPOTHO3HBIE
MOKAa3aTelll PocTa BOJAONOTpeONneHHs B OacceifHe B YCIOBHSX OTPAaHUYEHHOCTH PaCIONaraeMbIX
BOJIHBIX PECYPCOB, YCTOHUMBOE BOJOOOECIIEUEHHE PEroHa MPECTaBISETCsl BO3MOKHBIM JIULIb ITyTeM
pealm3alid  MEXIOCyJapCTBCHHOH JIOJTOBPEMEHHOM MpOrpaMMbl pa3BHTUsS, OCHOBAaHHOM Ha
TIPHHIAIAX SKOHOMHYECKOM HHTETPAIIHN U SKOJIIOTHIECKOH 0e30MacHOCTH.

BoiBoabI

B ocHOBy cucrems! ycroiumBoro BogooOecneueHust IIXC OacceiiHa ApanbcKoro Mops
PEKOMEHTYeTCsI TOJIOKUTE CIETYIONINe IPUHIUIIBI yIPABICHUS BOTHBIMU PECYPCaMH:

BoccraHoBieHHe cxeMbl KOMIIEHCHUPYIOIIEro KaCKaHOro 3aperylIupoBanHus cToka p. Celpaapbu
B3aMEH CXEMbl HE3aBHCHMOTO KaCKaJHOTO 3aperylupoBaHHs, C(QOPMHUpPOBABIICHCS B HOBOI
TeONOIUTHIECKOI 0OcTaHOBKe B LlenTpansHoil A3uy;

Ilepexon K cHCTeME MEXIOCYIapPCTBEHHOIO PACHpe/E/ICHHs] €CTECTBEHHO (DOPMMPYIOIIUXCS
BONHBIX PECYpCOB, IpeIycMaTpHBAIOIIEH HCKIIOYCHHE BO3BPAaTHBIX BOJ OpONICHHS H3 00beMa
TIOJUIeIKAIIETO PACIIPEIENICHUIO TPAHCTPAHUIHOTO CTOKa P. CHIpIapbH;

OmnpezienieHne B KadecTBE IPUOPUTETHBIX Bojonorpedutenel OacceitHoBoit [IXC peuHoit
JenbTel 1 Manoro Mops, BopooOecmedeHHe KOTOPBIX OCYIIECTBISIETCS 33 CUeT IapaHTHPOBAHHBIX
TIOITyCKOB KacKa/ia BOJOXPAHIIIUII M He 3aperyIMPOBAaHHOrO cToKa p. ChIpiapbH;

Iepexon ruaposnepreruyeckoro kommnoHeHTa BXC Ha BbIHYXIEHHbBIH UPPUTALIMOHHBIA PEXKUM
pabotsl Hapbsin-ChIpaapbUHCKOTO Kackaja BOJOXPAHIINI C KOMIICHCAIMEH CBSI3aHHBIX C JTHM
yIiepOoB SHEPreTHKe;

HopmupoBanue, BOZONOTpeOlIcHHE Ha PUCOBBIX OPOCHTEIIBHBIX CHCTEMaX, COKpALICHUs cOpocoB
3arps3HUTENCH B pEYHOE pYCHo, MHpeayCMaTpUBAIOiee KOMICHCAIMIO YIIepOOB  HHU30BBIX
BOZOIOTpeduTENel, 00yCIOBICHHBIX N3MEHEHNEM KOIMIECTBA U Ka9eCTBa CTOKA;

PacnipenienieHiie  BOJHBIX PECYPCOB B IIEPHOABI MX AeULMTA MEXKIAY HPPUTALHOHHBIMH
BOZIOIOTPEOUTENSIMH Ha OCHOBE HHTET PAIIOHHBIX IIPHHIIUIIOB ONTUMATLHOCTH X PABHOMEPHOCTH.
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3

Hcrnosb30BaHKE 3eMENbHBIX H BOAHBIX PECYPCOB Ha PUCOBBIX OPOCUTENbHBIX cucteMax Kaszaxcrana cBsi-
3aHO C Jerpajaiyeil 3emMelbHbIX H JIe(QHIHTOM BOJAHBIX pecypcoB. PaspaGoTka METOLOB yBEIHUYCHHS
HPOLYKTUBHOCTH BO3MOXKHO TOJIKO MPH ONTHMAILHOM YIIPABICHHH BOJHO-COIEBBIM PEKUMOM I10YB K
OpOLIAEMBIX 3€Mellb PUCOBBIX CHCTEM. UTOObI IPABUILHO YIPABIATH STUMU HPOLECCAMH HEOOXOAHMMO
3HATh MEXAHM3M HX BO3JEHCTBHIl, HANPABICHHOCTb, YMETh MPOrHO3HPOBATH OXKHIAEMbIC PE3YJIbTATHI
9THX BO3/ICICTBHIf, pacmosiaraTh COOTBETCTBYIOIIECH HAYyqHOI 1 HHPOPMAIHOHHON (a30it.

Kniouesvie cnoga: puc, pUCOBBIE YeKH, COJIEBOIT PeXKHM MOYB, OPOCHTEIbHASI HOPMA, YPOXKAHHOCTD.

METHODS OF INCREASING PRODUCTIVITY OF AGRO LANDSCAPES
OF RICE IRRIGATION SYSTEMS OF KAZAKHSTAN

Rau A., Kadasheva Zh., Kalybekova E., Takiyeva Zh.

The use of land and water resources in the rice irrigation systems of Kazakhstan is associated with land
degradation and water scarcity. Development of methods for increasing productivity is possible only with
optimal management of the water-salt regime of soils and irrigated lands of rice systems. In order to
properly manage these processes, it is necessary to know the mechanism of their effects, orientation, to be
able to predict the expected results of these effects, to have the appropriate scientific and information
base.

Key words: rice, rice checks, salt regime of soils, irrigation norm, yield.
PrcoBble OpOoCHTENbHBIE CUCTEMBI AKJaIMHCKOro MaccuBa opomeHus (31,7 Teic. ra) pacmo-

JIOKEHBI Ha HCpBOﬁ n BTOpOﬁ Teéppacax p. I/Ine; TIOYBBI AJUTFOBUAIBHO-JIYT'OBbIE CYIIECYAHBIE U CYy-
TJIMHUCTBIC, c1abo ¥ CHIIBHO 3aCOJICHHBIC, THUIT 3aCOJICHUA — CyJ'IL(I)aTHO-I‘HIIpOKap6OHaTHI;Ii;I u
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cynb(aTHO-COJIOBBIN. B NPON3BOACTBEHHBIX YCIOBHAX IPH MOJIMBE PUCA OPOCUTENbHAs HOPMa CO-
craBnser 25,6 Thic. MY/ra, ApeHaxHblit cTok — 2100 M/ra, cOpocHoit — 4500 m/ra. HeobxomumocTh
cOpoca BOJIbl U3 PUCOBBIX YEKOB MPOU3BOJICTBEHHUKH OOBSACHSIOT BHICOKOH 3aCOJIEHHOCTBIO TOYB,
BJIMSIIOLIEH HA CHHXKEHHE yposkaiHocTH puca. HaMu u3ydeHa AuHaMuKa 3aCOJIEHHOCTH T0YB PUCO-
BBIX CUCTEM, BIMSIHUE €€ Ha YPOXKaWHOCTb prca, HOPMBI BOAOIOTPEOICHUS U BOJIOOTBE/ICHHSI.

OMNBITHO-3KCHEPUMEHTANIBHBIC HCCIICIOBAaHUS HPOBOUINCH B TPOU3BOACTBEHHBIX YCIOBHUSIX
Ha PUCOBBIX NOIIX Arpodupmel «bHpIHK» AKTaIMHCKON PHCOBOH cucTeMsl banxamickoro paiioHa
AnmaruHckoi o6nacti. BoaHo-coneBoit pexuM nous usydaincs Ha 20 yekax pucoBoro noss 155 ra.
Ha 18 uekax mutomaeio 48,2 ra 3emin ciabo3aconeHHsle, ¢ coaepxkanuem coueit 0,2—0,3 %, Ha 2
yekax (6,8 ra) 3emii CHIIbHO3aCOJIEHHBIE, € coJep kanueM colei 6onee 1,0 %.

B opocutenbHbIi epro] MPOBOAMICS MOHUTOPHHT PHUCOBBIX YEKOB 110 BOJHOMY H COJIEBOMY
PEXHMY MOUB, COPOCHI BOJIbI H3 PUCOBBIX YEKOB IPOU3BOAMIHCH TOJIBKO HA 3aCOJICHHBIX 3eMIISIX B
UIOJIe M aBrycrTe, KOrJa MHHEpanu3alys BOABI B uekax mpessimana 2,5 r/m [1-5]. Ha
¢11a003aCOIEHHBIX 3eMJIsIX 18 4eKOB MUHepanu3alys BOAbI B OPOCUTEIbHbBII NEPHOJI HE MIPEBhILIaia
0,9 /1, 1 cOpPOCBI B OPOCHUTEIBHBIN MEPUOJ HE MPOU3BOIHINCH. Pe3ynbTaThl HCCIENOBAHUS 110
COJICBOMY PEXUMY ITOKA3bIBAIOT, YTO COPOCHI BOJBI B OPOCUTENBHBII MEPHOJ CIEIYeT IPOU3BOIUTH
Toabko ¢ 11 % opomaemoit miomanu. OIHAKO Ha NMpPAKTUKE, B MPOM3BOJCTBEHHBIX YCIOBUSX,
cOpoChl BOABI MPOM3BOAATCSA M3 BCEX PHCOBBIX YEKOB, YTO BbI3BIBAET 3aBBILICHUE OPOCUTEIBHOI
HOPMBI, YBETMYUBAET 3a00p BOJbI U3 BOJAHBIX HCTOUHHKOB.

Bonublii OaaHC PHUCOBBIX YEKOB ONBITHOTO 10N ArpodHpMbl «BHPIUK» paccuuTaH Mo
YPaBHEHHIO BOJHOTO OajiaHCca OpOILIaeMbIX 3€MeJIb:

M +P +TIr + Foc — E - F— JI— O1 = + AS, @

rae: M — o6beM BOZONOJAa4H OPOCUTEIbHBIX BOJ; P — BelM4MHA BBINABIIMX aTMOC(HEPHBIX
ocazikoB; IIr — nocTyrieHue OT MOA3EMHBIX BOJ Ha MaccHB opomuieHust; Fo. — punbTpauus u3 opo-
cuTenbHOM cetn; E — BenuunHa cymmapHoro ucnapenust; F — o0beM (GuibTpanun B 30HY a’paluu;
OT — OTTOK I'PYHTOBEIX BOA; +A S — HeyBsi3Ka OanaHca.

Kax cnemyer u3 ypaBHeHHs | ¥ JaHHBIX TaOMHIB 1, B BOJHOM OalaHce BOJOIMO/AYa B PHCOBEIE
gexn 6e3 copocos cocrarmser 21396 m*/ra, co copocamm — 23488 M3/ra, MOCTYMIEHHE OT TPYHTOBBIX
BOJI U aTMOC(EPHBIX OCAZKOB COOTBETCTBEHHO paBHbI 1340 u 2670 M/ra. B PacXoHOH 9acTH BOAHO-
ro Gamanca cyMMapHOE WCTIapeHHe Ha TIOCEBAX PHcA COCTABIAeT 9860 M>/ra, GHIBTpAIHOHHLIL
W IpeHaXHEIH cTok — 7850 M’/ra, OTTOK TPYHTOBBIX BOJI C PHCOBEIX HeKOB 6e3 cOGPOCOB BOMBI B
opocutenbHbIH neproa — 1180 m*/ra, ¢ pucoBbIX uekos co copocamu Bojsl — 1490 m/ra. CopocHoi
CTOK C PUCOBBIX YEKOB Ha CHJIbHO3ACOJCHHBIX 3€MIISIX, B KOTOPBIX MUHEPAIIM3aLlis BOJABI B OPOCH-
TeNbHBIHA epros TpeBblmana 2,5 r/11, coctaun 2800 m*/ra. Ha onbITHOM Mosie pucoBoOil CHCTEMBI
YCTOHYMBO COXPAHAETCsl paBHOBECHE BOAHOIO OalaHCca, CyMMa COCTABIISIOMIMX IIPUXOAHON 4acTH
BOZHOTO Gananca paBHA: HA PHCOBEIX Hekax 6e3 copoca — 22736 M>/ra, Ha PHCOBBIX YeKax co cOpo-
camu BOmBI — 26158 M/ra, B pacxozHOit yacTu cooTBeTcTBeHHO — 21590 u 24700 M’/ra, HEBsI3Ka
cocrasisier 5,5-5,6 % (tabmuua 1).

Tabmuna 1 — Boamblii 6anaHC PUCOBBIX YEKOB OIBITHOrO 1oJist ArpodupMsl «bupimi

Ne Haumenopanue Pucosble yekn Pucossle ueku
n/n 6e3 cOpocoB BOABI co cOpocaMu BOJbI
IIpuxosHas yacth
1 Bogonoaya 21396 23488
Ocaakn 1200 1200
3 ITpUTOK IPYHTOBBIX BOJ 140 1470
Hroro 22736 26158
Pacxoanas gacTs
1 Hacbplienne nousorpyHra 2700 2700
2 CymMmapHoe ucnapenue W TpaHCHHpanus 9860 9860
3 PuibTpanus U APEHAKHBIH CTOK 7850 7850
4 CBpocHoii cTok - 2800
5 OTTOK rPYHTOBBIX BOJL 1180 1490
HTtoro 21590 24700
Hessi3ka 1270 1474
5,5% 5,6%
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ConeBoil pexuM u OanaHc ONBITHOrO 1ot Arpodupmsl «BHPIHK» AKIATUHCKOH PUCOBOH
CHCTEMBI MTOKA3bIBACT, YTO HA PUCOBBIX IOJIAX MPH BO3JCIBIBAHUM PHCA NPOMCXOIUT PAcCOICHUE
MOYB 30HBI adparuu 1,6 M ( pucyHOK). BeiHoC comeil u3 30HBI a9pallii PUCOBBIX YEKOB 6e3 cOpoca
BOJIBI cocTaBisieT 36,4 T/T, Ha 3aCOJCHHBIX 3eMJIIX CO COPOCaMH BOJbI B OPOCHTENBHBIA MEPHOL
BBIHOC coueii coctaBui 29,9 1/ra. BeiHoc coneil npeobnagaeT Hajl MOCTYIUIEHHEM Ha PHCOBBIX 4e-
Kax 6e3 copoca Boapbl Ha 4,7 T/ra, Ha 3aCOJIEHHBIX 3eMJISIX CO cOpocamu BoAbl — 2,6 T/Ta.

Tabmaua 2 — ConeBoii 6asaHC PUCOBBIX YEKOB OMBITHOTO MoJisi ArpodupMel «BUpiHK» AKAATHHCKOH PHCOBO# cHcTe-
MBI, T/Ta
Ha pucoBbix gekax
Ha pucoBsix dekax 6e3
co cOpocamu BOIbI
DreMeHTBI COeBOro Gamanca cOpocoB BOAIBI B M
o B OPOCHTEIBHBIH
OPOCHTEIBHBIN MEePHOJ
nepros
S| —3amac coneif 30HbI adpaluy Tepes IOCEBOM prca 112,6 229,8
S» — mocTymIeHHE conelf ¢ OPOCHTENbHON BOAOH 12,2 12,8
S5 — mocTynjeHHe cojieit OT TPYHTOBBIX BOJL 1,2 1,4
HUTOro 126,0 2440
Sy —3amac coseil 30HbI a3palliy nocie yoopku puca 76,2 199.9
Ss — BBIHOC coueil (hHIBTPALHOHHBIM CTOKOM 49,1 38,1
S — BBIHOC COJIeii COPOCHBIM CTOKOM 52
S — BBIHOC COJIEH IPEHAKHBIM CTOKOM H OTTOKOM IPYHTOBBIX BOJ 5,4 2.8
HUTOro 130,7 246,6
Canpio Oamanca -4,7 -2,6
Hessizka, % -4,0 -1,3
BecHo# Tiepel- TI0CeBOM pHCal n
18161412108+ G420 2 rog 121416189 "
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Ha omnbITHOM moJie, py BO3/IEIIBIBAHMS pUca Ha c1ab03acOICHHbBIX 3eMIIsIX 0e3 cOpOCcOB BOJIbI
B OPOCHTENBHBIN IEPHOJ ypOXKaHHOCTh prca cocTaBisieT 52,4 1y/ra. Ha 3acoeHHBIX 3eMIsIX, Te 3a
OpOCHTEINbHBIH NepHO]] IIPOU3BOAUIINCH Ba cOpoca ypoxkalfHOCTh puca cocrasuser — 47,8 n/ra. B
KOOIIEPAaTUBAX M KPECThIHCKUX XO3SHCTBAX, ypoxKaiHOCTh prca 46,0 11/ra, opocuTeNlbHas HOpMa —
25600 m*/ra.

OxoHoMHuueckas 3(h(EeKTHBHOCTb TEXHOJIOTHH OPOLICHHS PHCA C y4ETOM COJEBOTO PEXHMa
noyB aaet npuodblib 47277 Tr/ra, pentabensHocts 21,7 %. IMonmB puca no TexHonoruu Arpodup-
Mbl «bupimk», co coOpocaMH BOIBI B OPOCHTENbHBIA MEPHOJ PUCOBBIX M3 BCEX PHUCOBBIX YEKOB,
npubbsU B peHTabenbHOCTs Hibke Ha 20137 tr/ra m 10,7%. TexHomorus BEIpaIMBaHUS pHCA C
Y4ETOM COJIEBOTO PEKHMMa MOYB 0OecredHBaeT MOBBIIICHUE YPOXKaiiHOCTH puca Ha 5,8 1/ra, CHHU-
JKEHHE HEMPOM3BOAUTEILHBIX 3aTPaT MOJMBHOM BoIbl Ha 3945 M>/ra (Tabnuna 3).

TBGJTI/HIB. 3 — DkoHOMUYECKas 3¢¢CKTHBHOCTL BBIpAIIUBAHUA PHCA IO TEXHOJIOTHH MOJIMBA C YIETOM COJIEBOTO pEeXHMa
TIOYB PUCOBBIX YEKOB

Tlokazarenn Texnomorus nonuBa | Cpexne- Kontpomns, Xxo0- | Pasnuma

puca B OPOCHTENBHBIH | B3BEIICHHOE | 3MHCTBEHHbBIC IO-

MepHOA 3HAYEHUS ceBbl puca Arpo-

Bes copoca | Co  cOpo- bupmbl «Bupiauk»

BOJIBI camu BOJibl

1 2 3 4 5 6

Ilnomane, ra 48,2 6,8 55 100
YpoxxaliHOCTb puca, 1/ra 52,4 47,15 51,8 46,0 -5,8
OpocurenpHas HOpMa, M3/ra 21396 23488 21655 25600 -3945
3arpare! BoJibl, M1 408 499 418 556 138
Ce6ecTONMOCTb TIPOIYKIMH, TI/IT 5060 5307 5154 5810 656
TTpu6bLIB, Tr/TA 49256 33250 47277 27140 -20137
PenrabenbHOCT, % 22,2 18,6 21,7 11,0 -10,7

Bbisoowt. Ha cnabo3aconeHHbIX 3eMIIIX AKJAIHMHCKOH PHCOBOM CHCTEMBI, PUC BO3/EIIbIBACT-
cs1 6e3 cOpoca BOJbI M3 PUCOBBIX YEKOB B OPOCHTEIIBHBIN MEPUOJ, OPOCUTENIbHAS HOPMa COCTABIISIET
21396 m*/ra, ypoxkaiinocts 52,4 w/ra, mpubbuib 49256 T r/ra pentabenabHocTs 22,2 %, Ha 3aCONeH-
HBIX 3€MJISIX PUC BO3JEIIBIBACTCS CO cOpOCAMM BOJIBI M3 PHCOBBIX YEKOB, OPOCHTENIBbHAS HOPMa CO-
craBiser 23488 m*/ra, ypoxaiinocts 47,2 m/ra mpuGsus 33250 Tr/ra, penrtaGenbHOCTh 18,6 Y.
BripamuBanue prca 1Mo TEXHOJIOTHH MOJIMBA C YYETOM COJIEBOrO peXKUMa ITOYB 00EeCIeYnBaeT ypo-
skaiHOCTh 51,8 1/ra, mpubkus 47277 tr/ra, peHradensHocTs 21,7 %. B npoM3BOACTBEHHBIX KOOIIE-
paTHBax M KPECThSHCKUX XO3SMCTBAX, Ie cOPOCHI BOJBI IIPOU3BOASATCS O€3 ydeTa COJICBOTO PeikKu-
Ma [OYB U MUHEpAIM3alMU CJI0S BOJbI B PHCOBBIX YEKAaX B OPOCHUTEIIbHBIN MEPUO YPOXKAHHOCTh
puca Hrbke Ha 5,8 n/ra, npu6ss Ha 20137 Tr/ra, pertadensHocts Ha 10,7 %. BHenpenune pazpabo-
TAQHHOW TEXHOJIOTMH OPOILIEHHS pUCa C YYETOM COJIEBOTO PEXKHMMa IOYB MTO3BOJIUT YBEIUYHUTH J0-
MIOJIHUTENbHBIN cOOp pUca-1Ialibl ¢ AKIAIMHCKOH pUcoBoii cucremsl Ha 6,0 ThIC. T, 9KOHOMHUIO BOJI-
HBIX pecypcos Ha 40 MIH M> B TOJL.
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_ _ [Ipunomxenue 1.11
k JTorosopy NecAdY ot 24 oreqhrp 2018,
Ha FPaHTOBOE (PMHAHCHPOBAHHE

TEXHUYECKASA CIIELUU®UKALMSA U
KAJEHIAPHBIA IIVIAH PABOT

Io norosopy NecAPd ot Y JI—CE/LIU, 2018 roxa

1. HEKOMMEPYECKOE AKIJHOHEPHOE OBIIECTBO
«KA3AXCKUI HAITMOHAJIBHBIN ATPAPHBIN YHUBEPCUTET»

1.1 o npuoputeTy: PannoHaibHOE UCIOJB30BAHHE IIPUPOAHBIX, B TOM YHCIE BOIHBIX
pecypcoB, reojiorusi, nepepaboTKa, HOBbIE MaTepuasibl U TEXHOJIOTHH, Oe30macHble U3ETHS U
KOHCTPYKIIHU

1.2 Tlo noanpuopurery: VYmpaBieHHE BOJHBIMH, IOYBCHHBIMH M OHOJOTHYECKHMH
pecypcaMu

1.3 Tlo teme mpoekra: AP05131274 «lloBbiuenne 3G@eKTHBHOCTH HCIIOIB30BAHHS
BOJHBIX PECYPCOB Ha PUCOBBIX OPOCHTENBHBIX cHCTeMax Kazaxcranan.

1.4 Obmas cymma npoexra 21 140 000 (xBamuate OZMH MHJUIHOHOB CTO COPOK THICSHY)
TEHI'E, B TOM 4HCJIe ¢ Pa30MBKOH IO rojiaM, A7 BBIIOTHEHHS paboT COrNIacHO MYHKTY 3:

-Ha 2018 rox — B cymme 7 000 000 (ceMb MHUTHOHOB) TEHTE;

-Ha 2019 rox — B cymme 7 063 000 (ceMb MHJTHOHOB IIECTBAECIT TPU THICAY) TEHTE,

- Ha 2020 rox — B cymme 7 077 000 (ceMb MUITHOHOB CEMBCCST CEMB THICAY) TEHTE,

2. Xapaxkmepucmuka Hay4HO-mexHU4ecKoll RPOOYKUUU RO KEAIUPUKAUUOHHbIM
NPU3HAKAM U IKOHOMUYECKUE NOKA3AMeNU

2.1 Hanpasnenue paboTel: BogocOeperkeHMe M BoJONOTpebsieHHE HA PHCOBBLIX
OPOCHUTEIBHBIX CHCTEMAX

2.2 OGnactb npumeneHus: [IpuKIiaiHble HCCIEI0BAHHUSL.

2.3 KoHeuHbll pe3ynbTar:

3a 2018 roa: OyyT onpeneseHsr.

- KPHTHYECKHE IOpOrOBBIE IOKA3aTeIH CJ10s BOABI pucoBbiXx uekos no t, pH u C,
IEPHO/IMYHOCTL COPOCOB BOJIBI H3 PHCOBBIX UYEKOB B OPOCUTENBHBIN IEPUO/IL,

- MMOKA3aTe/I yPOrKaiHOCTH puca NpH cOpocax BOJbI U3 PHCOBBIX YEKOB 10 TOMYCTHMBIM
MOPOTOBBIM [TOKA3aTeIAM B OPOCHTEIBHBIN IIEPHOI,

- MOKas3areJii BOJHOIO W COJIeBOro 0OanaHca ONBITHOTO y4acTKa Npu cOpocax BOIBI C
PHCOBBIX YEKOB B OPOCUTENIbHBIHA MEPHOJ [10 KPHTHIECKHAM TTOPOrOBBIM ITOKA3aTEISM,

3a 2019 roa: Bynyt ony6nukoBaHEl 1 CTaTbs B pelieH3UPYEMBIX 3apyOekHBIX HAyUHBIX
U3JIaHKSAX ¢ HEHYJIEBBIM MMIIAKT-(GakToOpoM M 1 cTarks B KypHaiax, pekoMmenaoanHbix KKCOH
MOH PK. byayT omnpeneneHs:

- KPHTHYECKHE IOPOTOBBIE MOKa3aTend CJos BOIbI pucoBBIX uekoB mo t, pH u C,
NEPHOAUYHOCTE COPOCOB BOJILI H3 PUCOBBIX YEKOB B OPOCHUTEIBHEIN EPHO, B CBA3H H3MEHEHHEM
IPUPOIHO-KIMMATHYECKUX YCIOBHH roja;

- TIOKA3aTe/Ii YPOKaHHOCTH puca npH cOpocax BOIBI U3 PHCOBBIX YEKOB I10 JOMYCTHMBIM
MOPOTOBBIM  TIOKA3aTe/issM B OPOCUTENbHBIH TIEPHOA, B CBA3M H3MEHEHHEM MPUPOIHO-
KIIHMATHYEeCKHX YCJIOBHH roaa;

- TOKa3aTejId BOIAHOTO M COJIEBOro 0OajaHca OMBITHOrO y4yacTKa Npu cOpocax BOJbLI C
PHCOBBIX YEKOB B OPOCHTE/IBHBIM MEPHOJ MO KPUTHUECKHM ITOPOTOBBIM IMOKA3ATENSAM, B CBS3H
H3MEHEHHEM IIPHPOIHO-KIMMATHYeCKHX YCIOBHH roa.

- 3a 2020 roa: Ilo pesympTaTaM Hay4HBIX MCCIEJOBAaHHM NOpoeKTa OYAYT H3JAHbI






«PexoMeHJaluK 10 BEIPAIIMBAHKMIO PHCA TIPH cOPOCAX BOIBI 13 PHUCOBBIX YEKOB I10 KPHTHUECKHM
TIOPOTOBBIM II0KA3aTeNsAM COCTaBa BOALI», ByAyT ony6IHKOBaHBI 2 CTATHH B PELEH3HPYEMBIX
3apyOeKHBIX HAYYHBIX W3LAHHAX C HEHYJIEBBHIM MMIAKT-GakTopoM H | CTaTes B KypHauax
pexomenniosanneix KKCOH MOH PK. Byayt onpenesnensr:

- KPHTHHCCKAC TOPOroBbIC NOKA3ATENH CJI0S BOAbI PUCOBBIX uekoB 1o t, pH u C,
NEPUOAUIHOCT COPOCOB BO/IBI H3 PHCOBBIX YEKOB B OPOCHTEIBHBIi NIEPHO, C YYETOM H3MEHEHUH
CTPYKTYpBI CEBOOOOPOTA M MPHPOIHO-KIMMATHYECKHX YCIOBHIA;

- TI0Ka3aTe/nu ypoxalHOCTH puca npu ¢Opocax BOIBI M3 PHCOBBIX YEKOB 11O JOIMYCTHMBIM
TIOPOTOBBIM  NIOKA3aTeNISIM B OPOCHTENBHBIH IEPHOA, C Y4YETOM HM3MEHEHHH CTPYKTYPBI
CeBO0OOPOTA U IPHPOIHO-KIMMATHYECKHX YCIIOBHI;

- IOKa3aTe/ld BOAHOIO M COJEBOro OajaHca ONBITHOTO Y4acTKa MpH c¢Opocax BObl ¢
PHCOBBIX HCKOB B OPOCHTENBbHBIH MEPHOA 10 KPHTHYECKUM [IOPOrOBBIM MOKA3ATENAM, C Y4ETOM
M3MEHCHHH CTPYKTYPbI C€BOOOOPOTA M MPHPOTHO-KIHMMATHIECKHX YCIOBHiL.,

- TNoKasared SQQEKTUBHOCTH BOJHBIX M 3eMENBHBIX PECYPCOB MPH BLIPAIIUBAHUK PHCA

npH ¢Opocax BOAbI H3 PHCOBBIX YEKOB B OPOCHTENbHBIL NEPUOI 10 KPHTHYECKHM [OPOTOBBIM
MI0KA3aTeJIIM COCTaBa CJIOS BOJIBL.

2.4 TlaTeHTOCIIOCOGHOCTD: HET

2.5 HayyHo-TexHuueCKHii ypOBeHb (HoBu3HA): HayuHoll HOBW3HOH mpoexTa sBISETCS
YCTAHOBJICHHE KPUTHYECKHX MOPOTOBBIX IOKasaTelNell COCTABa BOJbI PHMCOBBIX YEKOB, npu
[IPEBBIICHUH KOTOPBIX MPOW3BOAMTCS cOPOC (CMEHa) BOABI H3 PHCOBBIX YEKOB, CHMIKEHUE
HEOOOCHOBAaHHBIX COPOCOB  BOABI,  YIydlleHHe MCIHOPHPYIOIIETO JNeHCTBHS JpeHaxka |
TOBBILICHUE YPOXKAHHOCTH pHca.

2.6 Mcnonb3oBaHie HAyYHO-TeXHUYECKOMH NPONYKIHH OCYILIECTBIACTCA: pucoBogamu PK.

2.7 Bun  uCHONB30BaHMS — pe3ylbTaTa HAY4YHOH ¥ (M) Hay4YHO-TEXHHYECKOM

ACHTCIILHOCTH: pe3y/IbTaThl HAYYHO-HCCIIEN0BATENLCKOM paboTEl HAMAYT MHpOKoe NPUMEHEHHE B
- PHCOCEIOIINX X03s1HcTBaxX M Kooneparusax PK.

s

3. Haumenosanue pabom, cpoxu ux peanusanyuu u pesynsmamoi

llndp |HaumenoBanue pa6or mno| Cpok BBIIOTHEHHS OsxnpaeMelit pe3ynbTar
3ajanusd, | JJoroBopy M OCHOBHBIE
9Tana | ITallbl €ro BEINOJHEHUS HAYATO0 | OKOHYAHHME
1 Hayunoe 000CHOBaHHE Byner Hayuno o6ocHoBan
TEXHOJIOTHYECKHX cOpocoB TEXHOJIOTHYECKHE
BOJBI U3 PHUCOBBIX YEKOB I10 cOpOCEI BOJIBI 3 PUCOBBIX
TEMIIEpaType, pH " YEKOB [0 TeMIlepaType.
MuHepamuzanuu (C) cios pH u Munepamusauuu (C)
BOJBI cios BO/IBI. Bynyt
OIIpeENEeHBI
KPHTHYECKHE IIOPOrOBBIE
Ho IIOKA3aTeJId  CIOSl  BOABI
SHBApb
2018 1. 1 HOsOps | pucoBbIx uekos no t0, pH
2018 r. u C, [epHOIHYHOCTH
cOpocos BOJIBI u3
PHCOBBIX 4YEKOB B
OPOCHUTENIbHBIH  IEePUOI.
bynyr OIpeAeIICHEI
KPHTHYECKHE MOPOroBLIe
[IOKa3aTelu Closl BOIBI 34
TIEPBEIi roj
HCCIIe10BaHuU,






VYCTaHOBHTh  KPHTHYECKHE
NEPHO/IbI B OHTOT€HE3€e puca
B BEreTallHOHHBIH MepHO 110
KPHTHYECKMM  [TOPOTOBBLIM
MOKAa3aTeNIsAM KauyecTBa BOJIbI
B DHCOBBIX  YeKax B
BEreTALlMOHHBIX COCYIax

Mai
2018 r.

CEHTAOpE
2018 r.

Bynyr YCTAHOBJIEHBI
KPDUTHYCCKHE TEPHOLI B
OHTOICHE3e pHca B
BEreTALMOHHBIA  IepHOs
1o KPHTHYECKHM
MIOPOTOBBIM  IIOKA3ATENAM
Ka4yeCTBa BOJbI B PHCOBLIX
YeKax B BEreTAlMOHHBIX
cocynax. Byayr
OMpeJe/IeHbl I10KA3aTeNH
YPOKAaHHOCTH puca MpH
cOpocax BO/JIBI u3
PHCOBBIX YEKOB o
JIOIYCTHMBIM  [1OPOTOBLIM
NOKa3aTeNIM B
OPOCHUTEIbHBIA MEPHOJ 34
[IEPBBIH rom
HCCIIeJOBAHHUS.

Boanelii u coneBol pesxum
DajaHca OIBITHOIO y4acTKa
10 ra npu cOpocax Bozbl U3
PHCOBBIX 4YeKOB no
KPHUTHYICCKHM  TIOPOTOBBIM
IIOKa3aTe/IAMH COCTaBa CIIOs
BOJBI

arnpens
2018 r.

Ho
1 HOsAOps
2018 r.

bynyt OIpeIeICHBI
MIOKA3aTeNnu BOJHOIO H
COJIEBOTO Hanamnca
ONBITHOTO y4actka 10 ra
npu cOpocax BOJABI ¢
PHCOBBIX YeKOB B
OpPOCHTEJIbHBIN MIEPUO 110
KPUTHYECKHUM ITOPOTOBBIM
[IOKa3aTeNisiM 3a MepBbIH

ron HecJieJOBaHUA.

Hayunoe 000CHOBaHHE
TEXHOJIOIHYECKUX  ¢Opocos
BOJbI U3 PHUCOBBIX YEKOB I10
TeMIIepaType, pH 1%}
MuHepamusauuu (C) chuos
BOJIBI

SIHBaph
2019 r.

Ho
1 HOsOpst
2019

bynyr
000CHOBAHBI
TEXHOIOTHUCCKUE
COPOCHI BOZBI 3 PHCOBBLIX
YeKOB II0 TeMIepaType,
pH u munepanusanuu (C)
Clost BOJIBI. Bynyt
OIlpee/IeHbl
KPHTHYECKHE MOPOTOBLIE
NIOKA3aTeNId  CJIOSI  BOJBI
pucoBBIX YekoB 1o t0, pH
i C, nepuommuHOCTDL
cObpocos BOJIbI U3
PHCOBEIX 4EKOB B
OPOCHTEIILHEIH NEepuoi, B
CBSI3U HU3MEHEeHHEM
IPUPOIHO-
KJIMMaTHYeCKUX YCIOBHIH
roza

HAY4HO

YCTaHOBUTH  KPHTHYECKHE
NIEpPHOMBI B OHTOTCHE3€e puca
B BETETALMOHHBIH [1EPUO/ 110
KPHTHYECKHM  [IOPOTOBLIM

Mal
2019 r.

CEHTAOPL
2019r.

Bynyt YCTaHOBJICHBI
KPUTHYECKHE TEPHOALI B
OHTOI'€HE3e puca B
BEreTALMOHHBIA  IepHo.






IIoKas3aTeJIAM KauecTna BOJBbI
B PHCOBEIX YCKax B
BEreTallHOHHBIX cocynmax

o KPUTHYECKUM
[IOPOTOBBIM  ITOKA3aTe/IaM
Ka4ecTBa BOJbI B PUCOBBIX
Y€KaX B BereTalHOHHBIX
cocynax. Byayt
OIPEJICTICHEl  MOKa3aTe u
YPOXKaHHOCTH puca mpu
cOpocax BOJIBI u3
PHCOBBIX YEKOB 1o
AOIIYCTHMBIM IIOPOTOBBEIM
IoKa3arelism B
OpPOCHTENBHBIA nepuon, B
CBsI3U HU3MEHEHHEM
IIPHPOIHO-
KIIHMaTHYeCKUX YCIIOBHIA
roja

Bonubni u conesoii peXUM
Oananca ombITHOrO yuactka
10 ra npu cbpocax Boap! u3
PHCOBBIX YEeKOB 1o
KPUTHYECKHM  [OPOrOBBIM
MOKa3aTelsAMHU COCTABa CJIOs
BOJIbI

arpens
2019 r.

o
1 HOsGps
2019r.

Bynyt OIpe/ieIeHE]
NIOKA3aTeNIl  BOMHOIO W
COJIEBOTO Oanaunca
OIIBITHOI0 y4yactka 10 ra
npu  cObpocax Bomel ¢
PHCOBBIX YEKOB B
OPOCHTENIBHBIA IepHO 110
KPHTHYECKHM ITOPOTOBBIM
NIOKa3arensM, B CBS3M
M3MEHCHHEM  MPUPOHO-
KIIHMaTHYECKHX  YCIIOBHH
roja. Byayt
onyOnHKOBaubl 1 craThs B
PEeLEH3HPYEMBIX
3apyOeKHBIX Hay4HBIX
H3JIJAHUSAX C HEHYJIEBBIM
UMIaKT-paktopoM u |
CTaTbs B JKypHajax,
PEKOMEHI0BAHHBIX
KKCOH MOH PK.

Hayunoe 000CHOBaHHE
TEXHOJNIOrM4Yeckux cOpocos
BOJIBI U3 PUCOBBIX YEKOB II0
TeMIIepaType, pH 71
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