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ABSTRACT
[bookmark: _GoBack] P. 175, fig. 17, table 26, sources 60, 5 appendix.
SPECIAL AGRICULTURE, SPACE VARIETY OF ELEMENTS OF SOIL FERTILITY, MINIMUM SOIL TREATMENT, NO-TILL
Object of research: Agroecosystems (agrolandscapes) of North Kazakhstan: southern and ordinary black soils, brown soils.
The purpose is to scientifically substantiate the spatial variation of soil fertility elements and to develop elements of cultivation systems, to create a real farming system based on equipment for efficient production using differentiated nutrition, plant protection products and information technology.
Research methods: theoretical and experimental.
As a result of research, the principles of spatial transformation of soil fertility elements are scientifically based. The amount of nitrate nitrogen varies from 4.1 to 19.9 mg / 100 g, phosphoric acid from 6.4 to 51.1 mg / kg. The yield of spring wheat in the working areas varied from 19.3 to 34.4 c / ha. Differentiated use of mineral fertilizers based on electronic maps of soil fertility changes reduces the actual amount of mineral fertilizers by 17.6%. Differentiated use of pesticides reduces drug consumption by 35-42%, increases productivity by 27-35. The mechanism of introduction of differentiated doses of mineral fertilizers is developed. An algorithm for assessing the economic efficiency of specific agricultural elements, information systems has been developed.
 The novelty of the data obtained. Nitrate nitrogen, mobile phosphorus, intra-field depletion of soil humus and the effectiveness of the use of specific agricultural tools have been experimentally proven. New scientific data on systems of cultivation of agricultural crops in the real farming system were obtained.
Field of application: agriculture, agriculture
The results of the study were presented to agricultural producers in North Kazakhstan.
The introduction of the results of industrial inspections and surveys was carried out in the area of ​​99719 hectares (Appendix A).
The real farming system will increase the efficiency of material and labor resources by 12-18%. With the instrumental and informational support of farmers, real farming systems can be tested on 15-20% of arable land in North Kazakhstan.
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In this research report, the following abbreviations and symbols are used.
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	ha
	- hectare

	Agroindustrial complex
	- agro-industrial complex

	Ministry of Agriculture
	- Ministry of Agriculture

	RK
	- Republic of Kazakhstan

	R&D
	- research work

	GOST ST
	- State standard
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	- limited liability partnership

	dollars
	- dollar

	AES
	- agricultural experimental stations

	EF
	- experimental farm

	N20 P20
	- nitrogen and phosphorus fertilizers at a dose of 20 kg / ha

	EPV
	- economic threshold of harmfulness




















INTRODUCTION
Relevance. The basis for the implementation of the scientific and technical program for targeted program funding for 2018-2020. are strategic documents: "Program for the development of the agro-industrial complex in the Republic of Kazakhstan for 2017-2021", State program for industrial and innovative development of the Republic of Kazakhstan for 2015-2019, Strategic development plan of the Republic of Kazakhstan until 2020, Decree of the President of the Republic of Kazakhstan dated 01.02. 2010 [1, 2, 3].
The State Program of Industrial and Innovative Development of the Republic of Kazakhstan notes that agriculture requires technological modernization using new approaches in the production process (automation, robotization, digital modeling, simulation, visualization, etc.), the introduction of advanced technologies for energy efficiency and saving resources. [3].
The main tasks of the Agro-industrial complex for self-sufficiency in socially significant food products, for increasing labor productivity by 2.5 times, and for increasing the export of products are set out in the September Resolution of the Head of State K. Tokayev to the people of Kazakhstan [4]. It is noted that in the context of the crisis and the development of the Covid-19 pandemic, the agro-industrial complex is the main resource for the development of the country's economy. The issue of effective use of land resources is urgent, without which the qualitative development of the domestic agro-industrial complex is impossible. Agriculture in Kazakhstan must move to a new technological level, intelligent systems for managing the growth and development of plants, the introduction of mineral fertilizers, plant protection products, digital technologies. The introduction of a precision farming system is a reserve for stabilizing and increasing the productivity of the country's agro-industrial complex and reducing production costs. Justification and development of a precision farming system is a continuation and improvement of innovative scientific and technological research that was carried out in the agro-industrial complex of Kazakhstan.
Precision farming is one of the promising trends in the development of world resource-saving agriculture in [5,6,7]. The practice of precision farming has been successfully applied for over 20 years in Europe, the USA, Canada and China [8 - 14].
As the experience of developed countries, such as the USA, Canada, Australia, shows, digital technologies are fundamentally changing this traditional industry [15,16]. Modern geographic information systems and big data obtained from various sources, including the Internet of Things (IoT), contribute to obtaining high yields without depleting the soil, and with the rational use of resources [11,17]. The development of the agro-industrial complex of Kazakhstan according to the principle of "Smart agriculture" is a real prospect for increasing the potential of agriculture. Today, in the agriculture of the Republic of Kazakhstan, the share of agricultural producers using digital technologies is negligible, which limits productivity growth and cost savings.
The efficiency of the precision farming system will be determined by the rational and targeted use of mineral fertilizers and plant protection products, the targeted adaptation of soil cultivation and sowing systems, and the rational placement of agricultural crops to the conditions of a particular field. According to the adopted Concept for the transition to a "green" economy by 2030, 15% of the cultivated area will be transferred to resource-saving, digital technologies. 0Elements of digital technologies - parallel driving and differentiated application of mineral fertilizers were tested in 2018-2019 in 10 pilot farms in North Kazakhstan, Kostanay, Akmola and Karaganda regions on an area of ​​5500 hectares. Analysis of the work of pilot farms shows that the delay in the introduction of elements of the precision farming system is mainly due to the instrumentation of agricultural machinery. The use of unmanned vehicles allows you to quickly respond to technological decisions to manage and control the growth and development of plants.
For the phased implementation of the "Digital Kazakhstan" program in Kazakhstan, 3 stages of the introduction of digital technologies in agriculture have been identified: 1st stage - basic, 2nd advanced and digital farm. At the first stage in 2018-2019. electronic digitization of all agricultural land was carried out, work began on the use of satellite monitoring of the state of crops, for making operational decisions on the management of plant growth and development. The map of agrochemical analysis of soils has been updated and is being compiled, based on the methodological guidelines developed within the framework of this scientific Project on Program-Targeted Funding. By 2022, the task of science and this Project is to scientifically justify the creation of one digital farm in each region.
In Kazakhstan, soil and resource-saving systems of soil cultivation and sowing of agricultural crops are used on an area of ​​about 12 million hectares, which is about 70% of the grain wedge. Soil cultivation and sowing systems, the use of mineral fertilizers and plant protection products are the basis for precise and conserving farming, preservation of soil fertility, and control of erosion processes. Farming systems and their application are currently differentiated depending on soil and ecological conditions, focused on different levels of production intensity, economic structure and specialization, crop production market.
Preliminary studies have shown that spatial variation and variation in soil fertility elements within a particular field is one of the factors limiting crop productivity. Working hypothesis: a further increase and stabilization of yields and a decrease in the cost of production is possible on the basis of a differentiated, targeted application of soil cultivation and sowing systems, mineral fertilizers, stimulants, biological products, modern plant protection products, the use of agricultural crops adapted to local conditions, productive and resistant varieties.
Research novelty. The development and justification of the elements of a precision farming system are carried out taking into account the variability of the fertility of a particular field, changes in weather conditions with the involvement of ground-based and satellite observations, with the involvement of information tools. The data obtained will make it possible to differentiate the elements of cultivation technology, taking into account the characteristics of each specific field, the prevailing weather conditions for the prompt adoption of technological decisions. The obtained data, taking into account the zonal features, will form the Big Data base. The research results will make it possible to recommend methods and conditions for adapting farming systems to each specific field, depending on the agroecological zone, for their sustainable production.
Purpose - To develop a system of precision farming based on the scientific substantiation of the elements of cultivation technology, differentiated nutrition, plant protection means and equipment for profitable production using information technology, taking into account the spatial variation of soil fertility elements.
Tasks:
- to study the spatial variability of the field fertility parameters and the state of crops (cereals) in the northern regions of Kazakhstan using contact and remote diagnostic methods in the global positioning system (GPS);
- to develop scientific foundations for the differentiated use of soil cultivation and sowing systems, mineral fertilizers, pesticides, technologies for sowing cereals, legumes, cereals, oilseeds and other crops, the selection of highly profitable agricultural crops to justify the system of precision farming in various agro-ecological zones of Northern Kazakhstan;
- substantiation of differentiation of application of elements of technology for growing crops in the system of precision farming based on the use of information technology and modernization of the equipment used;
- to monitor the growth, development of agricultural crops in the technological schemes of cultivation and management of the production process based on data from ground, aviation and satellite sensing of the earth;
- to assess the economic efficiency of using elements of precision farming in the technologies of cultivation of agricultural crops;
- to assess the economic efficiency of using integrated information and reference systems of precision farming in the production of crop products.
List of names of interim reports. State registration number - 0118RK01276. 2018 - inventory number 0218RK01325, 2019 - inventory number 0219RK011016.

MAIN PART REPORT ON НИР
1 Choice of areas of research 
The land use of Northern Kazakhstan is distinguished by soil and climatic diversity. The average annual precipitation is 240-270 mm in the zone of chestnut soils, 320 mm in the zone of southern chernozems and 340-360 mm per year in the zone of ordinary chernozems. Experimental studies within the framework of this project have shown that in the redistribution of one specific field there is a spatial variation in the content of nitrogen, phosphorus, carbon, water regime (Annual reports for 2018 and 2019). Another challenge of the last decade is the change in the distribution of precipitation during the agricultural year: an increase in the amount of winter precipitation and precipitation in the second half of the growing season of crops. There is a sharp differentiation in the distribution of precipitation, soil fertility and temperature regime in the zones of Northern Kazakhstan.
Within the framework of this project, the issues of developing a strategy for the management and effective use of climatic and natural resources, based on taking into account the spatial variation of soil fertility, the possibilities of digitalization of production processes, the maximum and efficient use of climatic factors and the differentiated use of elements of the technology of growing crops, are being addressed. Research is aimed at creating an integrated resource management strategy in the northern plains of Kazakhstan based on information technology and new intelligent technological solutions to increase labor productivity 2.5 times, increase crop productivity by 17-30%, and reduce production costs by 15-20% by 1 hectare of sowing. This strategy focuses on sustainable agricultural production, sustainable agricultural production, environmental protection, and resilient adaptation to future climate change. At the September 2019 meeting of workers in the agro-industrial complex of Northern Kazakhstan in Petropavlovsk, the President of the Republic of Kazakhstan K. Tokayev noted that agricultural policy should be aimed at dramatically increasing labor productivity and increasing exports of processed agricultural products and that "smart technologies" are the path of wise management of natural resources. It is noted that without the development of agricultural science, this is difficult to do, which requires priority attention, and which should deal with the development of smart technologies and the transfer of new technologies and their adaptation to domestic conditions.
Large companies in Europe, Australia and the United States in the field of agricultural production, as well as the production of agricultural machinery are based on the digitalization of production processes and strive to establish the production of their electronic technology platforms for smart agriculture systems, based on the collection and processing of big data on climatic conditions, state soil, etc. Today, in the agriculture of the Republic of Kazakhstan, the share of agricultural producers using digital technologies is negligible, which limits productivity growth and cost savings. Agricultural land is used according to a unified methodology without taking into account local conditions, landscape conditions and soil conditions, both in the context of climatic zones and in the context of the production unit. Agricultural production in Kazakhstan has reserves of efficient use of land resources based on the principles of smart agriculture.
Within the framework of this Project, scientific institutions of Kazakhstan in various soil and climatic conditions have developed methodological foundations for determining the spatial variation of soil fertility elements and effective doses and devices for their differentiated introduction, effective soil cultivation and sowing systems, recommend cost-effective, competitive agricultural crops, differentiated methods of plant control from pests, diseases and weeds (Appendix B, C).
On the basis of the Digital Kazakhstan Program, land users have practically completed the compilation of electronic maps of fields. On the basis of these studies, agrochemical surveys of fields for the content of nutrients are carried out in order to further differentiate the use of mineral fertilizers.
The further task will be to scientifically substantiate all elements of precision farming as a system based on electronic maps of fields, the actual state of field fertility, the use of accurate and predictable meteorological data, the use of sensors and sensors for monotoring of soil processes, plant growth and development, the use of space and ground monitoring, remote and ground-based earth sensing data for operational decision-making in each specific field on a large scale. The introduction of a precision farming system will actually improve soil fertility, increase the productivity of fields by 12-17%, labor productivity by 2.5 times or more. For the practical implementation of the Digital Kazakhstan program, polygons for Precision Farming have been organized - this is the Shortandy training ground in the Akmola region on an area of ​​3,000 hectares, the Zarechny training ground in the Kostanay region on an area of ​​10,000 hectares, where innovative elements of technology digitalization are being introduced. These landfills will be permanent sites as a "School of Excellence" for the exchange of experience, where the latest elements of digital technologies are tested in a production environment, and where farmers can receive practical advice on adaptation and transfer them on a production scale.







2 Research methods
Field and laboratory scientific studies were carried out in the main agro-ecological zones of Northern Kazakhstan, where crops are grown on an area of ​​about 20 million hectares (48˚-55˚ latitude N). Experimental studies to study the elements of the precision farming system were carried out in long-term stationary experiments. The studies were carried out on the southern carbonate chernozems of the Akmola region in the long-term stationary experiments of the Scientific-production center for grain economy named after A.I. Barayev), Shortandy (coordinates 51 ° 12N and 71 ° 02 E), on ordinary and southern chernozem soils in the Kostanay region in long-term stationary experiments of the Karabalyk and Kostanay agricultural experimental stations at (53 ° 57N 'and 69 ° 32'E), at sandy loam chernozem soils of Pavlodar region (coordinates 51º12'N and 71º36´06 "E) and on chestnut soils in Akmola region on the fields of JSC" Akmola-Phoenix "Tselinograd district of Akmola region (coordinates 51º12´N and 71º36´06" E). Experimental development of additional mechanisms for the seeder for the introduction of mineral fertilizers was carried out at the Kazakh Agrotechnical University. S. Seifullina, Nur-Sultan and economic calculations - at the Analytical Center for Economic Policy in the Agro-Industrial Complex, Ministry of Agriculture of the Republic of Kazakhstan, Nur-Sultan.
Various systems of soil cultivation and sowing, the system of application of mineral fertilizers, the system of protection of agricultural crops, and various crop rotation schemes are being studied. To determine the spatial variability of the elements of soil fertility, working areas were determined with fixation of coordinate points. For spectral analysis of plant growth and development, images were used using unmanned aerial vehicles. Weather conditions were recorded using stationary meteorological stations installed at work sites.
Phenological observations and records of the phases of plant development were carried out according to the generally accepted methods of state variety testing of agricultural crops [18 -  24]. Research on photosynthetic activity and productivity of agrobiocenoses of crops was carried out according to the unified method of A.A. Nichiporovich [25]. Determination of the reserves of productive moisture in the soil was carried out by the gravimetric method over 10-cm soil layers to a depth of 1 m [26]. To determine the bulk soil mass by the cutting ring method in the horizons 0-10, 10-20 and 20-30 cm during the sowing and harvesting period [27]. The weediness of crops was determined by the quantitative-weight method by counting weeds per 1 sq. m in triplicate [28 - 31]. The species composition of weeds was determined according to the methodology of the State Institution "RMC of phyto-sanitary diagnostics and forecasts" [32,33,34,35,36,37,38]. Studies assess the effectiveness of herbicides, pesticides and growth stimulants [39]. When developing systems for protecting plants from harmful organisms, methods were used to identify pests of field crops, their number and economic thresholds of harmfulness [40 -,42]. The structure of the yield was determined before harvesting by the methods of the State Tax Inspection of agricultural crops [43 - 46]. In plant samples, biochemical analysis was carried out according to Ginzburg and Shcheglova (nitrogen - according to Kjeldahl, phosphorus - colorimetrically, potassium - on a flame photometer) and the content of crude protein [47 - 50]. In soil samples in agrochemical laboratories, the following indicators were determined: humus - according to IV Tyurin, modified by CINAO; mobile forms N, P, K - on an in-line SAN ++ analyzer (Scalar, Holland) adapted for the determination of nitrate nitrogen, mobile phosphorus and potassium by the Machigin method [51,52,53,54]. Determination of the main indicators of the quality of agricultural crops is carried out using the device "Infralum FT-10". The structural analysis of the sheaf is carried out according to the VIR method. Mathematical processing of crop data was carried out by the method of analysis of variance according to B.A. Dospekhov and using the AGROS-1 software (version 2.09 - 2.11 / 1993-2009) [55,56]. The calculations of economic efficiency were determined by the method of Gory V.S. and others [57]. The sampling of soil for the purposes of precision farming was carried out according to the "Methodology for taking soil samples for elementary areas of the field for the purpose of differentiated use of fertilizers" [58].
In the research work, methods certified and tested in research programs were used.

















3 Soil and climatic characteristics of zones and weather conditions in the years of research
 In northern Kazakhstan, agricultural crops are mainly grown in three natural-geographical zones: steppe, forest-steppe, and dry-steppe. In the steppe zone, the annual precipitation is 280-340 mm and the evaporation rate is 450-650 mm (Appendix D, Table D.1). The soil cover is represented by chestnut and chernozem soils with a humus content from 2.5 to 3.3% and up to 4 to 6 percent, respectively. The forest-steppe zone is characterized by a sharply continental climate with an annual precipitation of 300-350 mm and an evaporation rate of 360-430 mm. During the warm period, the amount of precipitation is 2-2.5 times more than during the cold period. In this zone, the soil cover is represented mainly by ordinary chernozems with a humus content of up to 6-8%. The dry steppe zone is characterized by a more arid climate compared to the forest-steppe and steppe zones. The annual amount of atmospheric precipitation is 220-270 mm with an evaporation rate of 650-700 mm. The soil cover is represented by dark chestnut and chestnut soils with a humus content of 2-3%. Ordinary medium-humus chernozems make up 8.9% (5.2 million hectares) of the entire area of ​​Northern Kazakhstan. The area of ​​southern carbonate chernozems is 4.3 million hectares, or 7.3%, and the area of ​​dark chestnut and chestnut soils is 12.7 million hectares, or 21.7% of the total area of ​​Northern Kazakhstan (Table D.2).
A characteristic feature of the weather conditions of the last decade in the arid conditions of Northern Kazakhstan is abundant precipitation in winter and in the second half of the growing season of agricultural crops, which sharply differs from long-term data.
 In the zone of southern chernozems, weather conditions for 2017-2018, 2018-2019 and 2019-2020. sharply differed from long-term data: for the winter period 2017-2018. the amount of solid precipitation in the cold period was 122.2 mm, which exceeded long-term data by 39.2 mm, or 47.2%, and in 2019-2020. (table D.3). The amount of precipitation during the active growing season was 210.2 mm and exceeded the average annual indicators for this period by 61.4 mm or 41.3%. The amount of precipitation for an agricultural year is also different from year to year and differs from the average annual indicators. Weather conditions 2018-2019 were characterized by a relatively sufficient amount of precipitation in winter and insufficient amount of precipitation during the growing season of agricultural crops (Table D.3). Typical weather conditions for the reporting year are relatively cold air temperatures in the first half of the growing season of crops, which had a significant impact on the active growth and development of crops. Under these conditions, the most favorable conditions in terms of the nature of the fallout of winter atmospheric precipitation, water reserves in the snow and the actual reserves of soil moisture have developed in the fields of most districts of the Akmola region compared to other regions of the northern regions of Kazakhstan. The border of abundant winter precipitation spread in a strip from the northern border of the Karaganda region to the Burabay region of the Akmola region, capturing part of the districts of the Pavlodar region bordering on the Akmola region. The amount of precipitation in the winter period 2019-2020 was higher than the average annual indicators and significant differences in predecessors and cultivation systems were not identified. In the conditions of Central Kazakhstan, from the beginning of the agricultural year (September 2019 to April 2020), 288.2 mm of precipitation fell, which is more than 2 times higher than the average long-term data. This amount of precipitation has not been observed in the past fifty years. Precipitation for this period exceeding 200 mm was noted only in 6 cases of observations, which is only 12% of the number of years of observations. In the conditions of the east of Kazakhstan, winter precipitation did not fall evenly. In the conditions of the 2019-2020 agricultural year, weather conditions had a significant impact on the productivity of agricultural crops. The first half of the growing season was characterized by the manifestation of acute atmospheric drought and dry winds, which were not observed for more than 30 years in this area. In the main territory of the northern regions of Kazakhstan in May, the air temperature exceeded the average annual indicators by 5.5 degrees, or 42.4%. The air temperature reached 35-39 degrees for a long period in the month of May and June. There was practically no atmospheric precipitation throughout the entire territory for 60 days until June 27, except for the North Kazakhstan and a number of regions of the Kostanay region. The sum of effective temperatures above 5 degrees exceeded the average long-term indicators by 71.0%. In the absence of a soil moisture limit, the plants were able to overcome the negative effect of drought due to accurate and high-quality sowing at optimal times, targeted use of mineral fertilizers and plant protection products from pests, diseases and weeds.
In the zone of chernozem soils of Kostanay region in 2019-2020. the distribution of atmospheric precipitation in winter and the period of active vegetation of agricultural crops of the growing season did not differ sharply from the average long-term indicators: precipitation of the cold period in 2017-2018 and 2018-2019. amounted to 73.1-88.5 mm with average annual indicators of 74.4 mm and during the growing season of agricultural crops 184.8 and 165.6 mm, respectively, with average annual 166.6 mm (Table D.4, D.5). The temperature regime in the zone of chernozem soils of the Kostanay region was 13.7 degrees in May, -19.3 in June, 20.4 in July and 17.9 degrees in August with average annual rates of 12.5; 18.3; 19.9 and 17.4 degrees, respectively (Figure 1). 

[image: C:\Users\acer\Downloads\IMG-20200924-WA0002.jpg]
Figure 1 - Distribution of precipitation in the study area according to the automatic weather station Caipos, 2020

 In the conditions of the 2019-2020 agricultural year in the conditions of Kostanay region, in the first half of the growing season of agricultural crops, a record high temperature was observed for more than three weeks. The air temperature reached 39оС, while the average daily temperature of the month is + 25.4оС, while the norm is 20.5. There was no July maximum. During the month, a record low amount of precipitation fell -12.7 mm, which is almost 5 times lower than the average annual value. Plants accelerated in growth and development and formed undersized, and the grain in the ear was formed puny and unfulfilled. The middle of August was rainy and cloudy. On August 16, the monthly rate of 19.5mm fell in one day. This had a positive effect on the average monthly moisture reserve. In August, the May precipitation rate was 41.5, which is 2.2 mm higher than the average annual rate.
 Weather conditions in the zone of chestnut soils of Akmola and Pavlodar regions were characterized by more arid conditions compared to the zone of chernozem soils.













4 Research results
Preliminary results showed that the adaptation of the elements of precision farming systems is determined by the conditions of the water-physical properties of the soil of a particular field, the actual content of the elements of soil fertility, the temperature regime of the soil, the prevailing weather conditions, taking into account the ontogeny of the development of grown plants. The research results convincingly show that in conditions of drought and dry winds and with a prolonged absence of atmospheric precipitation, the targeted use of elements of the precision farming system, taking into account the characteristics of a particular field, provides a fairly stable and profitable crop yield. Analysis of the prevailing weather conditions, and the situation in real field conditions, makes it possible to single out the following factors that affect the efficiency of elements of farming systems.
In the conditions of the Akmola region, the reserves of soil moisture along the stubble predecessors in a meter layer of soil before leaving for winter in the zone of chernozem soils in most of the territory were only 30-35 mm. In the fallow fields, the moisture reserve was about 100 mm. In the conditions of the Kostanay region, the amount of precipitation for the November-December months of 2019-2020. was 73.9 mm, which corresponds to the long-term average.
In the conditions of Pavlodar region, the amount of winter precipitation for the winter months on February 14 was 71.0 mm, which is 24.5% higher than the average long-term indicators. Snow deposition monitoring showed that on a stubble background with good snow deposition, where no snow accumulation was carried out, the height of the snow cover was about 35-39 cm. This is approximately 85-105 mm of water in the snow. Taking into account the autumn reserves of soil moisture and taking into account winter precipitation, the reserves of soil moisture in the early spring period amounted to 130-140 mm for stubble predecessors. This is above average. In fields with moderate snow deposition, the water reserves in the snow were approximately 70-80 mm.
There was practically no snow cover on the moldboard cultivated arable land. A similar situation has developed in other soil zones.
 During the growing season, the growth and development, the level of productivity of agricultural crops depended both on the weather conditions of the second half of the growing season, and on the level of the cultivation technology used, the targeted (point) application of elements of the precision farming system. For example, in 2020, the weather conditions in the first half of the growing season were characterized by the manifestation of atmospheric drought and dry winds, which were not observed for more than 30 years in this area. In the main territory of the northern regions of Kazakhstan in May, the air temperature exceeded the average annual indicators by 5.5 degrees, or 42.4%. The air temperature reached 35-39 degrees for a long period in the month of May and June. There was practically no atmospheric precipitation throughout the entire territory for 60 days until June 27, except for the North Kazakhstan and a number of regions of the Kostanay region. The sum of effective temperatures above 5 degrees exceeded the long-term average indicators by 71.0%. In the absence of a soil moisture limit, the plants were able to overcome the negative effect of drought due to accurate and high-quality sowing at optimal times, targeted use of mineral fertilizers and plant protection products from pests, diseases and weeds. The analysis shows that sufficient spring reserves of soil moisture in a meter layer of soil at the level of 120-140 mm, sufficient nitrogen and phosphorus nutrition, sufficient control of weeds, diseases and pests, and uniform maturation of plants had a positive effect on the level of productivity of agricultural crops.
4.1 Study of the spatial variability of the field fertility parameters and the state of crops (grain) in the northern regions of Kazakhstan using contact and remote diagnostic methods in the global positioning system (GPS)
To accomplish this task, soil plots and test sites were selected on typical soils of Akmola (3000 ha), Kostanay (100 ha), Pavlodar (200 ha) regions.
On the southern carbonate chernozem soils of the Akmola region, in order to justify the differentiation of doses of mineral fertilizers, develop an algorithm and software for differentiated fertilization, an assessment of agrophysical indicators of soil fertility parameters within a particular field was carried out for making targeted technological decisions. Studies have shown that the soils in the experimental area are not saline, the content of sulfate ions was 0.12-0.2 mg-eq. 100 g, sulfate ions from 0.05 to 0.30 mEq. 100 g (table D.6). The variation coefficient of the nitrogen content of nitrates is 63.6%, phosphorus - 29.7% (Table D.7). The variation coefficient of the soil humus content is within 14.6%. Significant indicators of variability were noted for the nitrogen of nitrates, which were used in these calculations, since on the basis of this indicator, the rate of nitrogen fertilizers is subsequently determined. The weighted average nitrogen content is 4.01 mg / kg, and its distribution varies greatly from very low to high. The weighted average content of mobile forms of phosphorus (conditionally assimilated by plants) is 26.9 mg / kg, which corresponds to the average supply. There was also a strong variation in this indicator from a very low 6.4 to a very high 51.1 mg / kg. The need for a differentiated application of phosphorus fertilizers is confirmed by the high coefficient of variation V = 29.7%. At the working areas, the doses of nitrogen and phosphorus fertilizers were calculated on the basis of the scale of the provision of chernozem soils according to the methodology of the N.N. A.I. Baraeva (Sdobnikova O.V., 1970). The maps of the variability of soil fertility indices in the experimental plots were compiled.
To determine the variability of soil fertility indicators using a ground survey in the spring, soil samples were taken from 5 and 1-hectare working plots and an agrochemical analysis of the main agrochemical indicators of fertility was carried out - nitrate nitrogen, mobile phosphorus, exchangeable potassium, total humus, pH, on experimental site of LLP "SPCGF named after A.I.Barayev (table 1).

Table 1 - Results of agrochemical survey of the field site for the content of N-NO3 и Р2О5
	Crop rotation field
	Content
	Average for the crop
	Minimum value
	Maximum value
	Standard deviation«σ»
	Coefficient of varia-tion, С

	Sowing wheat by fallow
field
	N-NO3, mg/kg 
	9,9
	4,5
	15,2
	3,1
	32

	
	Р2О5, mg/kg
	23,0
	13,9
	39,3
	7,7
	34

	Sowing wheat on stubble
(2nd field)
	N-NO3, mg/kg
	9,7
	5,0
	21,7
	4,9
	50

	
	Р2О5, mg/kg
	21,8
	15,0
	34,9
	6,5
	30

	Sowing wheat on stubble
(3rd field)
	N-NO3, mg/kg
	9,6
	5,1
	20,1
	4,6
	49

	
	Р2О5, mg/kg
	35,8
	26,9
	43,6
	4,6
	13

	Sowing wheat on stubble
(4th field)
	N-NO3, mg/kg
	6,6
	3,6
	15,3
	3,4
	52

	
	Р2О5, mg/kg
	31,5
	21,6
	36,4
	5,2
	16



As can be seen from Table 1, within 1 hectare cage, variation in the content of both nitrogen and phosphoric acid is observed. Variations in the nitrogen content in the 0-40 cm soil layer over the fallow field varies from 4.4 to 15.2 mg / kg of soil. The variability of the phosphorus content in the 0-20 cm soil layer varies from 13.9 to 39.3 mg / kg of soil. High variability for stubble predecessors of nitrogen content: from 5.0 to 21.7 mg / kg of soil and phosphorus - from 15.0 to 34.9 mg / kg of soil.
Studies of the variability of the moisture supply conditions for crops, depending on the predecessor and the method of moisture accumulation measures, showed that under conditions of an insufficient amount of winter atmospheric precipitation, as was observed in 2018-2019, the maximum height of snow cover and water reserves in the snow are formed during snow accumulation measures and the formation of high stubble (table 2).
As can be seen from Table 2, the smallest reserves of water in the snow are formed in the absence of stubble, plant residues and in fallow areas. In conditions of abundant winter precipitation (2019-2020), snow accumulation measures and predecessors do not have a significant effect on snow reserves.

Table 2 - Dynamics of snow accumulation by the main agrotechnical backgrounds of land use “A.I. Barayev SPCGF”, 2018-2020 years

	Agrotechnical background
	Agricultural year
	Snow depth, cm
	Snow den-sity, g / cm3
	Water reserve in snow, mm

	Perennial herbs

	2018-2019
	31,2
	0,23
	72

	
	2019-2020
	52,4
	0,30
	157,2

	Flat-cut steam
	2018-2019
	20,7
	0,24
	49

	
	2019-2020
	49,6
	0,34
	168,6

	Wheat stubble b / o

	2018-2019
	31,4
	0,24
	75

	
	2019-2020
	47,9
	0,28
	134,1

	Snow retention on wheat stubble
	2018-2019
	57,3
	0,19
	110

	
	2019-2020
	54,5
	0,27
	147,2

	НСР05 
	2018-2019
	10,1
	0,04
	28,4

	
	2019-2020
	8,1
	0,04
	25,1



It should be noted that there is a high variability in the content of productive moisture both within an individual field and between agrotechnical backgrounds. The content of productive moisture of the studied backgrounds for sowing was within 114.5-136.0 mm (Table D.8).
On southern chernozem soils in the conditions of Kostanay region, to determine the variability of soil fertility indicators using ground survey in the spring, soil samples were taken from 5 hectare working plots and an agrochemical analysis of the content of nitrate nitrogen (N-NO3), mobile phosphorus (P2O5), exchangeable potassium (K2O) and mobile sulfur (S) and the content of organic matter in the 0-30 cm layer. Maps of the variability of indicators of soil fertility of elementary work sites have been compiled (Figure 2,3,4).
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Figure 2 - Electronic map marking of field No. 32 with elementary plots of 5 hectares
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	Figure 3 - Maps of variability of indicators of soil fertility (nitrogen) in the experimental plot

	Figure 4 - Maps of the variability of indicators of soil fertility (phosphorus) in the experimental plot




Based on the analysis of the content of nutrients and the variability map of the content of nutrients, maps were drawn up - schemes for sampling soil samples from the surveyed landfill with an area of 100 hectares (Figure 5.6).
Analysis results for 2018, 2019 and 2020 presented in Appendix G, (table G.9, G.10, G.11). Analysis of the data obtained shows a strong degree of variation in the content of nitrate nitrogen from 2.5 to 6.10 mg / kg of soil. A variation in the phosphoric acid content from 29 to 84 mg / kg was also noted. soil. Similar indicators were obtained for the sulfur content (table G.11). Analysis of the content of nutrients in the selected fields shows a strong variation and low level in the content of soil nitrogen. On the basis of the actually obtained results, an electronic map was drawn up - a diagram of the field of the content of nutrients for the differentiated application of mineral fertilizers (Figure 7.8).
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Figure 5 - Map of sampling scheme with an area of an elementary plot of 5 hectares, the total area of the surveyed landfill is 100 hectares
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Figure 6 - Schematic map of the selection of soil samples with the allocation of elementary sites with an area of 5 hectares
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	Figure 7 - Map of the diagram of differential fertilization with the allocation of control areas for each degree of supply P2O5, the total area of the surveyed landfill is 100 hectares 
	Figure 8 - Map of the diagram of differential fertilization with the allocation of control areas for each degree of supply of N-NO3, the total area of the surveyed landfill is 110 hectares 



 The monitoring of the state of crops (spring wheat) in the experimental plots was carried out using contact and remote methods based on satellite images and images from unmanned aerial vehicles, both in the visible spectrum and multispectral according to the dynamics of the normalized vegetation index (NDVI). As a result of the differentiated application of phosphorus fertilizers, the best development was noted in the variants with the application of mineral fertilizers (Figure 9.10).
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Figure 9 - Results of differentiated application of mineral fertilizers
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Figure 10 - Assessment of the NDVI index using remote sensing

During the growing season, spring wheat formed a good biomass and the best condition of the plants was observed in the variants with the application of nitrogen fertilizers, which contributed to the better further development of plants (Figure 11).
In the severely arid conditions of the Pavlodar region on southern chernozem soils in the production conditions of the Niva farm in the Irtysh region, on an experimental landfill with an area of ​​200 hectares, the content of nitrate nitrogen varied from 7.9 to 12.5 mg / kg of soil. The phosphoric acid content ranged from 19.9 to 27.7 mg / kg of soil. Differentiated application of nitrogen fertilizers at a dose of 20-30 kg / ha. depending on the level of nitrate nitrogen content, it reduces the coefficient of variation of barley yield to 11.3%. The introduction of ammonium nitrate significantly increases the productivity of barley by 15.9-67.2%. Analysis of the data shows that the remaining differences in the yield of barley across the working areas are associated with the variation in the content of phosphoric acid (Table 3).
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Figure 11 - Morphometric indicators of the development of spring wheat in the study of the effectiveness of methods of differential application of mineral fertilizers in “Troyana” LLP, Kostanay region, 2020


Table 3 - Productivity of barley depending on the introduction of various doses of ammonium nitrate

	№ of points
	Content of nitrate nitrogen in the soil, mg / kg
	Doses of fertilization, kg a.i.
	Productivity, c / ha


	Control
	9,0
	–
	11,9

	1
	9,9
	30
	15,5

	2
	9,2
	30
	12,9

	3
	9,4
	30
	14,1

	4
	8,4
	30
	13,8

	5
	7,9
	30
	14,2

	6
	8,0
	30
	13,9

	7
	9,6
	30
	15,6

	8
	10,8
	20
	15,3

	9
	9,1
	30
	15,0

	10
	10,2
	20
	17,7

	11
	11,1
	20
	16,4

	12
	9,1
	30
	14,3

	13
	9,5
	30
	14,5

	14
	9,4
	30
	15,3

	15
	9,0
	30
	15,1

	16
	12,5
	20
	18,3

	17
	9,1
	30
	13,2

	18
	11,9
	20
	18,0

	19
	10,6
	20
	19,9

	20
	10,7
	20
	18,7



In subsequent studies, it is necessary to differentiate the application of mineral fertilizers, taking into account the content of other nutrients. Differential application of ammonium nitrate at a dose of 20 to 30 kg / ha reduced the coefficient of variation of oil flax yield to 8.7%.
On the southern heavy loamy ordinary chernozem soils of the Kostanay region at a research and production test site on an area of ​​100 hectares, the variability of soil fertility elements was determined. The polygon was divided into 20 elementary plots of 5 hectares each.
The research results made it possible to establish the variability of the soil moisture content from 56.1 to 105.4 mm in a meter layer of soil with a variation coefficient of 18.7%, the variation in the nitrogen content of nitrates from 6.7 to 15.7 mg / 100 g of soil, according to the phosphorus content from 5.9 to 11.2 mg / 100 g of soil. Within these elementary plots, the yield of spring wheat varied from 22.9 to 26.5 kg / ha with a variation coefficient of 13.6% (Table G.12). Counting the harvest also showed a high degree of variation in the productivity of spring wheat depending on the variation in the content of nutrients. In some years, the yield of spring wheat varied from 19.3 to 34.4 c / ha (Table G.13).
Taking into account the variation in the content of phosphoric acid in elementary areas, the introduction of calculated doses of phosphorus fertilizers at a dose of 15 and 20 kg / ha increased the yield of spring wheat in areas by 1.89 - 5.12 c / ha (Table G.14). With a low degree of nitrogen supply to the soil in the spring, the introduction of nitrogen fertilizers at a dose of 13-24 kg / ha a.i. depending on the content in the soil for elementary plots, the yield of spring wheat increased by 1.7-3.4 centners / ha. In some plots, where, depending on the actual nitrogen content, nitrogen fertilizers were applied at a dose of 42 kg / ha ai, the difference in the yield of spring wheat reached 4.4 c / ha (Table G.15). Differentiated application of nitrogen fertilizers reduces the coefficient of variation of yield and quality indicators of wheat grain (table G.15). The content of raw gluten also changed depending on the spatial variability of the content of nutrients (Table D.15). In some elementary plots, a correlation coefficient is observed between the content of nitrate nitrogen in the soil and the yield of wheat - 0.35. The correlation coefficient between the content of available phosphorus in the soil and the yield of wheat was only 0.21. In subsequent studies, it is necessary to take into account other factors affecting the productivity of cultivated crops. The differentiated introduction of ammophos increased the profitability of wheat production up to 286% (table G.16).
4.2 To develop scientific foundations for the differentiated application of soil cultivation systems, fertilizers, pesticides, seeding rates for cereals, legumes, cereals, oilseeds and other crops in the system of precision farming on ordinary and southern chernozem soils of Northern Kazakhstan
To develop a precision farming system, special technological studies were carried out to substantiate the main elements of the precision farming system in multifactorial long-term stationary and production experiments in the main agro-ecological zones on ordinary and southern chernozem soils of Northern Kazakhstan. Studies have been carried out on the effectiveness of differentiated systems of soil cultivation, predecessors, the effectiveness of the use of differentiated systems for applying mineral fertilizers, plant protection products, sowing technologies, taking into account the water-physical properties of a particular field, a predecessor, taking into account forecast weather conditions.
On the southern chernozem soils of the Kostanay region, it was found that on stubble predecessors with soil moisture reserves in a meter layer of soil for sowing spring wheat at a level of 130-159 mm, sufficient heating of the sowing layer of soil, when controlling weeds, the timing of sowing May 30. When sowing in these terms, on average, the largest grain yield of spring wheat is formed at the level of 17.8-19.9 c / ha with relatively good indicators of grain quality with a gluten content of up to 30.1% and the highest profitability is achieved (table 4.5).
The obtained data allow, when introducing a precision farming system, subject to reliable long-term weather forecasts, to adjust the sowing time for each specific field, in contrast to the prevailing long-term data. Further monitoring studies are needed to establish the regularities of changes in the water-physical properties of soils depending on the cultivation systems used, the interaction of the growth and development of crops with elements of soil fertility, and the accumulation of a database.
In the zone of southern chernozem soils of Kostanay region, under conditions of insufficient winter and summer atmospheric precipitation, the absence of reliable forecast weather data for the growing season, the most effective predecessor of spring wheat is a fallow field prepared according to the No-Till principle. This condition is justified when moisture accumulation measures are not carried out on stubble fields of crop rotation. In a fallow field, the best conditions are formed for the water regime of soils, the content of nutrients in the soil, and the control of weed plants (Table G.17).

Table 4 - Yield of spring wheat depending on the sowing time and the predecessor, 2018-2020

	Place of wheat in crop rotation
	Sowing period
	Wheat grain yield by years, kg / ha

	
	
	2018
	2019
	2020
	Average 

	Stubble
	15 May (К)
	23,4
	9,1
	11,8
	14,7

	
	22 May
	22,7
	10,2
	20,7
	17,8

	
	25 May
	21,7
	11,1
	24,2
	19,0

	
	27 May
	25,0
	9,5
	25,2
	19,9

	
	30 May
	24,4
	9,6
	23,2
	19,1

	
	05 June 
	24,5
	11,2
	18,1
	17,9

	НСР05 
	4,29
	1,68
	2,27
	



Table 5 - Indicators of wheat grain quality depending on the sowing time
  
	Crop rotation field
	Sowing period
	Protein,%
	Gluten,%
	Grain nature, g / l
	Quality class

	stubble
predecessor
	15 May (К)
	13,9
	26,9
	781
	II

	
	18 May
	14,0
	27,8
	784
	II

	
	22 May
	13,5
	26,7
	785
	II

	
	25 May
	13,4
	26,0
	770
	II

	
	27 May
	13,3
	26,1
	774
	II

	
	30 May
	13,4
	25,8
	738
	II

	
	05 May
	13,3
	26,1
	733
	II


As shown by long-term studies, for stubble predecessors in grain-fallow and fruit-changing crop rotations, the supply of soil nitrogen and phosphoric acid is at a low level (table D.18, D.19). The yield of spring wheat is formed in a fallow field without fertilizers at the level of 27.2 c / ha and with the use of phosphorus fertilizers at a dose of 15 kg / ha 28.5 c / ha, with HCP05 = 2.45 (table 6).

Table 6 - Yield of spring wheat in grain-fallow crop rotation, 2018-2020

	Crop rotation field


	Variant
	Yield by years, c / ha
	Increase,%

	
	
	2018
	2019
	2020
	Average
	+/– to control
	

	1st wheat after fallow field
	Control
	38,4
	21,1
	22,35
	27,2
	-
	-

	
	Р15
	38,9
	23,0
	23,77
	28,5
	+1,3
	+4,8

	НСР05 
	4,1
	2,45
	3,06
	3,2
	

	2 nd wheat after fallow field
	Control
	28,0
	11,0
	21,59
	20,2
	-
	-

	
	Р15
	26,5
	13,0
	23,38
	21,0
	+0,8
	+4,0

	НСР05 
	5,9
	3,66
	2,55
	4,04
	

	3 nd wheat after fallow field
	Control
	29,5
	12,4
	18,04
	20,0
	-
	-

	
	Р15
	30,0
	11,7
	18,53
	20,1
	+0,1
	+0,5

	НСР05 
	1,9
	7,86
	0,45
	3,4
	



In the rotational crop rotation for stubble predecessors, the yield of spring wheat is formed at the level of 14.8 - 17.0 c / ha without the use of fertilizers and 16.7-20.1 c / ha with the use of fertilizers at НСР05 = 3,66 = 3.66 (table 7).

Table 7 - Productivity of crops cultivated in a fruit-rotation crop rotation
 
	Crop rotation  field
	Variant
	Yield by years, c / ha
	Increase,%

	
	
	2018
	2019
	2020
	Average
	+/– to control
	

	Peas

	Control
	23,5
	17,3
	19,78
	20,2
	–
	–

	
	Р15
	26,2
	19,0
	19,95
	21,8
	+1,6
	+7,9

	НСР05 
	4,6
	4,17
	0,79
	3,2
	

	Wheat after peas

	Control
	27,6
	7,6
	15,83
	17,0
	–
	–

	
	Р15
	26,9
	10,8
	22,52
	20,1
	+3,1
	+18,2

	НСР05
	3,0
	3,02
	2,93
	2,99
	

	Linen

	Control
	13,0
	4,6
	6,0
	7,9
	–
	–

	
	Р15
	12,8
	4,7
	6,97
	8,1
	+0,2
	+2,5

	НСР05
	0,8
	3,01
	0,63
	1,48
	

	Wheat after flax

	Control
	21,2
	6,9
	16,3
	14,8
	–
	–

	
	Р15
	23,7
	7,9
	18,42
	16,7
	+1,9
	+12,8

	НСР05 
	5,5
	4,9
	3,47
	4,6
	



With an average and high content of phosphorus and its low variability, the use of phosphorus fertilizers is not justified. Similar results were obtained in the crop rotation. The effectiveness of the use of phosphorus fertilizers is manifested when sowing spring wheat after the cultivation of peas, which is associated with the high content of nitrate nitrogen in the soil. The results obtained show that the use of phosphorus fertilizers is effective when it is applied differentiated depending on the predecessor and its actual content in the soil before sowing. The use of phosphorus fertilizers significantly increases the gluten content in wheat grain for stubble predecessors to 26.8-28.1%. Differentiated use of phosphorus fertilizers increases the monetary profit, depending on the predecessors, up to 9206-21084 tenge.
Depending on the landscape of land use, the potential fertility of a particular field, a set of crops in the crop rotation and their placement are recommended. In the steppe arid zone of Northern Kazakhstan in the agro-ecological zone on heavy loamy chernozem soils with an annual precipitation of about 320 mm, grain crops, flax, lentils, peas, and mustard are economically and technologically effective. In terms of the accumulation of spring soil moisture after autumn-winter precipitation, and in terms of the potential degree of weediness, agricultural crops do not differ significantly (Table 8).

Table 8 - The content of productive moisture for various predecessors of spring wheat in the soil layer 0-100 cm, mm 
 
	Spring wheat predecessors

	Before sowing
	Average
	Heading
	Average
	After harvesting
	Average

	
	2018
	2019
	2020
	
	2018
	2019
	2020
	
	2018
	2019
	2020
	

	Fallow land
	128
	123
	112
	121
	43
	16
	44
	34
	34
	48
	33
	38

	Peas
	92
	106
	118
	105
	43
	15
	68
	42
	42
	49
	41
	44

	Oats
	115
	125
	110
	117
	24
	28
	36
	29
	29
	59
	28
	38

	Oil flax
	98
	104
	97
	100
	38
	25
	59
	42
	45
	44
	35
	42

	Corn
	118
	119
	109
	116
	45
	20
	46
	37
	37
	86
	44
	55

	Wheat
	126
	108
	116
	117
	38
	23
	58
	39
	40
	60
	38
	46



As can be seen from the data in Table 11, the reserves of spring soil moisture are formed at the level of 105-121 mm both in the fallow field and in the stubble fields. Similar results were obtained for weediness of crops, manifestations of diseases and pests of crops. In the production of spring wheat, the relatively best predecessors are fallow fields, peas, perennial grasses, maize (Table 9).

Table 9 - Grain yield of spring wheat for various predecessors

	Crop rotation field
	Grain yield, kg / ha
	Average

	
	2018
	2019
	2020
	

	Fallow land 
	24,0
	16,2
	24,1
	21,4

	Barley
	22,7
	15,0
	23,0
	20,2

	Oats
	23,0
	16,6
	20,8
	20,1

	Peas
	22,5
	15,8
	24,8
	21,0

	Lentils
	19,4
	14,8
	22,2
	18,8

	Rape
	21,3
	14,0
	21,6
	19,0

	Corn
	19,8
	15,8
	26,6
	20,7

	Perennial herbs
	24,0
	15,2
	26,2
	21,8



Fruit-shift crop rotations with the inclusion of peas, lentils, mustard, sunflower in the crop rotation are not inferior to grain-fallow crop rotation in terms of output per unit area, but exceed the grain-fallow crop rotation in terms of economic indicators. The inclusion of grain fodder crops in the crop rotation increases the grain yield from 1 hectare of arable land by 4.5 centners / ha, or by 26.7% compared to the grain-fallow crop rotation.
The application of nitrogen and phosphorus fertilizers before sowing agricultural crops on the basis of soil diagnostics increases the content of nitrate nitrogen and phosphoric acid in the soil to a level of medium and high supply. The introduction of mineral fertilizers based on soil diagnostics, with a high supply of soil moisture, control of weeds and with the content of nitrate nitrogen and phosphoric acid in the soil at the level of medium and high supply, the inclusion of cash crops in the crop rotation increases the productivity of these crops by 35-43% and increases productivity and financial profit of crop rotation by 25-32% compared to grain-fallow crop rotations.
The results of long-term studies on the southern calcareous chernozem soils of the Akmola region in a stationary experiment, the results of the current year, show that the mechanical composition of the soil and the degree of intensification of the cultivation technology and the associated degree of mechanical impact on the soil by agricultural tools have a significant effect on the aggregate composition of the soil and the formation of an agrocenosis. The research results show that the differences in the aggregate composition depend on the tillage systems (table 10).

Table 10 - Influence of soil cultivation on the macro and micro-aggregate composition of the upper 0-5 cm soil layer (southern carbonate chernozems)

	Tillage system
	Content of soil aggregates, kg / kg

	
	macroaggregates
(≥ 0,25 mm)
	macroaggregates
(≤ 0,25 mm)

	Stubble predecessor

	Minimum
	0,14
	0,41

	Traditional
	0,31
	0,13

	No-Till
	0,46
	0,08

	Fallow field

	Traditional
	0,07
	0,64

	No-Till 
	0,54
	0,11



As shown in Table 10, the No-Till and Minimum Till system contains more aggregates of 0.25 mm compared to the traditional growing system. Sharp differences in the aggregate composition were noted in fallow fields, which is one of the reasons for the sharp deterioration in the absorption of spring melt water into the soil and the result of increased mineralization of soil organic matter and the destruction of soil aggregates during mechanical soil treatment (Table 11). The tillage system had a significant impact on the aggregate composition of the topsoil (Table 11).
Reduced or eliminated tillage improves the aggregate composition of soils, protects soils from erosion and reduces the loss of soil carbon that occurs from tillage. A high percentage of the content of small soil aggregates in the upper soil horizons with a traditional soil cultivation system contributes to a low soil porosity and an increase in the bulk soil mass.

Table 11 - Aggregate composition of the soil of the upper 0-7.5 cm soil layer along the stubble predecessor, depending on various processing systems,% (southern chernozem)

	Tillage system
	Size of soil aggregates, mm

	
	<0,1
	0,1-0,2
	0,2-0,5
	0,5-1,0
	1,0-2,0
	2,0-5,0
	5,0-10,0
	10,0-20,0

	No-Till
	12,2
	8,1
	11,1
	11,4
	12,6
	23,2
	16,3
	18,8

	Minimum
	21,2
	14,0
	17,3
	11,9
	10,3
	19,1
	13,3
	14,9

	Traditional
	32,6
	22,2
	21.3
	7,1
	8,3
	6,1
	3,5
	3,9



In dry steppe conditions with the potential for wind erosion, the presence of plant residues on the soil surface is very important to protect soil from erosion. The highest percentage of stubble and crop residues remaining on the soil surface with the No-Till system and the minimum tillage system (Table 12).

Table 12- Influence of tillage systems on the preservation of plant residues on the soil surface and the content of wind-resistant soil aggregates (southern chernozem)

	Tillage system


	Amount of plant residues, kg / ha
	Preservation of plant residues,%
	Content of soil aggregates <1mm,%

	
	
	
	before tillage and sowing
	after tillage and sowing

	
	after cleaning
at 2018
	in the spring
before sowing
	Total
	
	
	

	
	
	plant residues
	standing stubble
	
	
	
	

	Traditional
	1884
	753,6
	_
	753,6
	40,0
	64,3
	75,5

	Minimum
	3168
	2400,8
	_
	2400,8
	75,7
	27,9
	34,5

	No-Till
	3384
	2707,2
	507,6
	3214,8
	95,0
	7,2
	13,2

	No-Till–(fallow field- chemical fallow)
	
2748
	
2028,0
	
549,6
	
2577,6
	
93,8
	
8,3
	
11,3

	Traditional
(fallow field - mechanical tillage)
	116,4
	15,7
	_
	15,7
	13,4
	67,3
	73,8



As can be seen from Table 12, the maximum effect of soil protection from erosion is achieved with reduced or no mechanical tillage.
Long-term studies conducted in Northern Kazakhstan, Canada show that the yield of grain crops under the No-Till system was at the same level or significantly less compared to the traditional soil tillage system at the beginning of the application of this system, but in subsequent studies, the yield of grain crops was higher when system No – Till compared with the traditional and amounted to 2.14 and 1.67 t / ha, respectively (Friderich, Derpsh, Kassam, 2012). The efficiency of the No-Till system was significantly higher in dry years and the same in wet years. In northern Kazakhstan, at the early stages of studying soil cultivation systems, ambiguous data were obtained on the effectiveness of the No – Till system in comparison with the minimum and traditional for the soil zones of the country. On the southern chernozem soils of the Kostanay region, the yield of spring wheat according to the No-Till system was higher than the traditional one by 5.9 c / ha and on chestnut soils the No-Till system had an advantage of 1.1-3.5 c / ha. According to the Karabalyk SOS, the No – Till system did not have an advantage on ordinary chernozems. On southern carbonate chernozem soils, the yield of spring wheat according to the No – Till system and according to the minimum tillage system was at the same level or lower by 10–12%, but the No – Till system had an economic advantage (Suleimenov and Akshalov, 2016).
The analysis of the research results shows that the efficiency of using soil moisture and moisture of atmospheric precipitation is significantly higher with the No-Till system and minimal (reduced) tillage (Table 13).

Table 13 - Efficiency and water balance of the use of moisture in atmospheric precipitation during the growing season and the productivity of spring wheat, depending on soil cultivation systems (southern chernozem, Akmola region)

	Tillage system Soil moisture  
 

	Soil moisture content in the soil layer 0-100 cm, (mm), 05/25/19 
	Soil moisture content in the soil layer 0-100 cm, (mm), 09/18/19
	Change in soil moisture, mm
	Evapotranspiration
(ЕТ), mm 
	Relative contribution of soil moisture to ЕТ,% 
	Yield, mg / ha--1
	Efficiency of using moisture, mg / ha-1
mm-1

	
	а
	в
	с=а-в
	d=82,0+ (а-в)
	(с/ d)*100
	е
	е/ d*1000

	No-Till
	128,3
	19,3
	109,0
	229,6
	47,4
	2,1
	9,1

	Minimum
	126,0
	20,0
	106,0
	228,0
	46,5
	2,2
	9,6

	Traditional
	100,8
	28,0
	72,8
	210,8
	34,5
	1,2
	5,7



On southern chernozem soils with the No-Till system and minimal (reduced) tillage, the efficiency of moisture use was 9.1 and 9.6 and 12.8 mg / ha-1 mm, respectively, versus 5.7 mg / ha-1 mm-1 under the traditional system tillage.
The yield from long-term experiments as an integrating indicator of the effect of soil quality and climatic factor on plant development is the best estimate of the expected impact of various soil cultivation systems. The productivity of spring wheat with the No-Till system and the minimum (reduced) tillage does not differ significantly (Table 13). The productivity of spring wheat is 75 and 83% higher with the No-Till system and minimum (reduced) tillage compared to the traditional cultivation system and do not differ significantly from each other (Table 13).
The results of the above data allow for the transformation into a precision farming system to take into account the basic requirements. The basic principles of conservation (soil protection) tillage (No-Till system, reduced and minimal tillage) are reduced to the preservation of plant residues on the soil surface, less disturbance of the soil, to changing and replacing the dominance of grain crops with mixed crops (Friderich, Derpsh, Kassam, 2012, Suleimenov, Akshalov, 2016).
To substantiate the introduction of optimal doses of mineral fertilizers in the system of precision farming, studies were carried out in long-term stationary experience on the effectiveness of the use of nitrogen and phosphorus fertilizers in various cultivation systems. Various terms and doses of nitrogen and phosphorus fertilizers in grain-fallow, fruit-shift crop rotations with traditional, minimal and no tillage were studied.
The nitrogen content of nitrates in the soil in the 0-40 cm layer, before sowing spring wheat sown by the first crop after steam, did not depend on the cultivation technology and was at the same level - 7.4 - 9.9 mg / kg, which was related to the average supply ( Table G.20).
The content of mobile phosphorus in the 0-20 cm layer before sowing in the fields of wheat sown in pairs and peas in a crop rotation with a minimum traditional tillage technology, as well as in a grain-steam crop rotation with zero technology was 31.9-33.8 mg / kg ( Table G.21). The provision with phosphorus according to the traditional technology (grain-fallow crop rotation), as well as according to the zero technology (fruit-rotation crop rotation), belonged to the average level, and amounted to 28.8-29.5 mg / kg of soil. Phosphate fertilizers significantly increased the content of P2O5 to its increased content in all fertilized options and regardless of crop rotation and tillage technology. On wheat sown on flax, the phosphorus content before sowing spring wheat did not depend on agrophone and corresponded to the average supply - 27.7-30.6 mg / kg of soil. In the phase of "tillering of wheat", the level of P2O5 on the control variants of all technologies was related to the average supply and is at the level of 19.8-22.7 mg / kg. In all fertilized variants, the applied phosphorus fertilizers steadily increased its level to an increased one. The P2O5 content did not depend on technology, crop rotation and fertilization option and was related to the average level of provision. However, the amount of phosphorus on the variants fertilized with ammophos had an advantage over the control and purely nitrogen variants.
On average, over three years, the maximum yield of spring wheat 27.7 -32.7 c / ha was obtained by cultivating spring wheat in a fallow field with traditional cultivation technology (table 14).
Table 14 - Influence of mineral fertilizers on wheat yield in terms of steam predecessors and peas, c / ha

	Cultivation technology, crop rotation
	
Option
	2018 y
	2019 y
	2020 y
	The average

	
Traditional
(grain steam)
	Control
	32,0
	29,1
	22,1
	27,7

	
	P20 af in rows
	36,6
	32,4
	25,8
	31,6

	
	P20 af in rows
	-
	-
	-
	-

	
	P20 af in rows
	-
	-
	-
	-

	
	R60 af in a steam field
	35,5
	32,6
	30,0
	32,7

	
	P60 af + Naa in rows for diagnosis
	37,0*
	32,0
	27,2 ***
	29,6

	
	 Р20N20 (naf) annually in rows
	35,8
	31,3
	26,2
	31,1

	
	НСР 0,95
	2,4
	2,1
	2,7
	-

	Traditional (fruit-changing)
	The control
	21,6
	25,4
	17,8
	21,6

	
	R20 af in rows
	23,6
	28,9
	20,5
	24,3

	
	Р20 аф +N30 аа осенью пов-но
	34,5
	30,4
	21,4
	28,8

	
	Р20 аф+ N30 аа весной пов-но
	31,4
	31,8
	20,8
	28,0

	
	P60 af after peas
	31,9
	30,2
	21,7
	27,9

	
	P60 af + N aa in rows for diagnosis
	32,8*
	30,8*
	23,1****
	27,0

	
	P60 af + N aa in rows for diagnosis
	30,5
	30,4
	18,8
	26,6

	
	НСР 0,95
	4,6
	3,4
	1,9
	-

	Zero
(grain steam)
	Control
	17,7
	25,8
	15,5
	19,7

	
	P20 af in rows
	21,5
	30,9
	22,7
	25,0

	
	N30 аа in rows
	24,3
	26,6
	15,6
	22,2

	
	P20 + N30 aa in the fall again
	26,6
	31,9
	23,6
	27,4

	
	P20 af + N30 aa in spring re
	28,1
	31,2
	20,8
	26,7

	
	P20 af + N aa in rows for diagnosis
	25,8*
	28,9*
	20,0***
	24,5

	
	P20N20 (naf) in rows
	24,2
	29,9
	19,9
	24,7

	
	НСР 0,95
	3,7
	3,0
	3,4
	-

	 Zero
(fruit-changing)
	Control
	21,0
	22,3
	13,5
	18,9

	
	P20 af in rows
	26,5
	27,7
	15,5
	23,2

	
	N30 aa in rows
	25,0
	20,7
	10,3
	18,7

	
	P20 + N30 aa in the fall again
	29,3
	27,6
	15,4
	24,1

	
	P20 af + N30 aa superficially in spring
	27,7
	28,6
	13,8
	23,4

	
	P20 af + N aa in rows for diagnosis
	27,7*
	26,9
	15,7**
	21,3

	
	P20N20 (naf) in rows
	27,2
	26,8
	12,6
	22,2

	
	НСР 0,95
	3,5
	2,0
	3,3
	-

	Note: * - nitrogen dose for diagnosis N20; ** - nitrogen dose according to N30 diagnosis
 *** - nitrogen dose according to N40 diagnostics; **** - nitrogen dose according to N50 diagnosis



 This is 6.1 c / ha higher than the wheat yield for peas with traditional technology and 8.0 and 8.8 c / ha higher than the wheat yield for peas with zero technology, respectively, and wheat for peas with zero technology.
The yield of wheat cultivated with traditional technology in a fruit-shift crop rotation was the most effective when P20 was added to the rows during sowing or P60 in a fallow field / after peas, the increase in grain yield averaged 2.0-5.4 c / ha. The variant of application when sowing P20 turned out to be the most effective in terms of zero steam of 5.3 c / ha. The combined application of phosphorus and nitrogen increased the crop yield by an average of 25-35%. The variant with nitrogen fertilizer N30 using zero technology provided an increase in one out of three years; in 2018, for zero steam, the increase was 6.6 c / ha and for peas - 4 c / ha. In the following years 2019-2020, the yield was at the control level. On average, for the period under study, the purely nitrogen variant had no advantages in comparison with the control, the increase in zero steam was 2.5 c / ha, and a decrease in yield for peas by 0.2 c / ha was noted, which in both cases is not mathematically reliable.
 On average, for 2018-2020, the maximum yield of spring wheat when sown on flax remains with the traditional technology for grain-fallow and fruit-changing crop rotations of 19.8-21.0 c / ha, with zero technologies it was slightly lower within 17-17.3 c / ha. ha (table 15).
Additional application of ammonium nitrate with phosphorus provided an increase in yield in comparison with the control by 30-40%. The application of pure nitrogen fertilizer at a dose of N30 during the study did not provide a reliable increase in yield. The maximum increase in the yield of spring wheat is formed with the application of phosphorus fertilizers at a dose of P20 and P60. The combined application of nitrogen and phosphorus fertilizers increased the yield of spring wheat, regardless of its predecessor, by 25-40%. The introduction of nitrogen according to diagnostics, regardless of the soil cultivation technology, crop rotation and the predecessor, had no advantages in comparison with other nitrogen-phosphorus fertilizers, where the recommended dose of nitrogen was applied.
In the dry steppe zone of Kazakhstan, the most common pests of spring wheat are the following species: barley striped flea beetles, stem fleas, barley Swedish and Hessian flies, wheat thrips, harmful turtle, leafhoppers, cereal aphids, gray grain scoop, which reduce to 50% or more harvest of crops and, in particular, wheat. As a result of monitoring, it was found that for the period 2018-2020, the minimum number of striped flea beetles was 51.3 individuals / when growing wheat for flax and the highest - 82.0 individuals / m2 when growing wheat for peas (Table 16). The degree of harmfulness of latent stem pests is shown in Table 17.


Table 15 - Influence of mineral fertilizers on wheat yield by flax, c / ha
	Cultivation technology, crop rotation
	
Option
	2018 y
	2019 y
	2020 y
	The average

	
Traditional
(grain steam)
	Контроль
	21,4
	21,4
	20,1
	21,0

	
	Р20 аф в рядки
	25,7
	25,5
	24,5
	25,2

	
	Р20 аф +N30 аа осенью пов-но
	33,1
	26,2
	27,4
	28,9

	
	Р20 аф+ N30 аа весной пов-но
	35,1
	26,8
	28,1
	30,0

	
	R60 af in a steam field
	27,4
	24,9
	25,4
	25,9

	
	P60 af + N aa in rows for diagnosis
	32,8*
	25,9*
	24,6*
	25,3

	
	Р20N20 (naf) annually in rows
	30,1
	25,6
	27,9
	27,9

	
	НСР 0,95
	3,0
	3,3
	3,8
	-

	Traditional (fruit-changing)
	Control
	19,7
	20,8
	19,0
	19,8

	
	R20 af in rows
	23,6
	23,9
	23,3
	23,6

	
	P20 af + N30 aa in autumn, again
	31,6
	23,4
	29,1
	28,0

	
	P20 af + N30 aa in autumn, again
	31,3
	25,0
	22,8
	26,4

	
	R60 af in a steam field
	27,2
	23,8
	22,5
	24,5

	
	P60 af + N aa in rows for diagnosis
	25,4*
	23,9*
	23,8**
	24,4

	
	Р20N20 (naf) annually in rows
	27,3
	26,1
	26,4
	26,3

	
	НСР 0,95
	2,8
	2,5
	2,9
	-

	Zero
(grain steam)
	 Control
	17,5
	19,3
	14,2
	17,0

	
	R20 af in rows
	24,1
	23,2
	16,5
	21,3

	
	N30 aa in rows
	16,0
	20,1
	15,6
	17,2

	
	P20 + N30 aa in the fall again
	26,5
	23,7
	19,0
	23,1

	
	P20 af + N30 aa superficially in spring
	25,0
	23,5
	20,7
	23,1

	
	P20 af + N aa in rows for diagnosis
	24,1*
	24,0*
	19,9**
	22,0

	
	P20N20 (naf) in rows
	23,6
	23,7
	18,7
	22,0

	
	НСР 0,95
	3,0
	3,1
	4,4
	-

	Zero fruit-changing)


	Control
	19,2
	19,5
	13,2
	17,3

	
	R20 af in rows
	24,7
	22,1
	18,9
	21,9

	
	N30 aa in rows
	20,4
	18,6
	15,1
	18,0

	
	P20 + N30 aa in the fall again
	28,1
	23,1
	21,1
	24,1

	
	P20 af + N30 aa superficially in spring
	28,2
	23,4
	20,7
	24,1

	
	P20 af + N aa in rows for diagnosis
	27,3
	24,5
	19,8
	23,9

	
	P20N20 (naf) in rows
	26,7
	25,8
	18,8*
	23,8

	
	НСР 0,95
	2,1
	2,5
	3,6
	-

	Note: * - nitrogen dose for diagnosis N20; ** - nitrogen dose according to N30 diagnosis



Table 16 - The number of bread striped flea beetles on wheat by predecessors

	
Option
	Number of beetles per 1 m2, year

	
	2018
	2019
	2020
	Average over the years

	Wheat peas
	91
	90
	65
	82,0

	Wheat on rapeseed
	80
	56
	72
	69,3

	Wheat over lentils
	54
	68
	54
	58,6

	Wheat over flax
	47
	58
	49
	51,3








Table 17 - Damage to wheat plants by latent stem pests

	Experience Option
	Damage to stems,%

	
	2018 г.
	2019 г.
	2020 г.
	Mean

	Hessian fly

	Wheat peas
	10,2
	31,3
	13,4
	18,3

	Wheat on rapeseed
	2,7
	12,0
	11,3
	8,6

	Wheat over lentils
	4,8
	9,6
	7,6
	7,3

	Wheat over flax
	11,1
	16,6
	6,8
	11,5

	Swedish fly

	heat peas
	0,9
	0
	12,7
	4,5

	Wheat on rapeseed
	9,5
	0
	11,6
	7,0

	Wheat over lentils
	4,8
	0
	10,3
	5,0

	Wheat over flax
	1,3
	2,6
	9,8
	4,5

	Stem flea

	Wheat peas
	9,6
	10,9
	3,6
	7,9

	Wheat on rapeseed
	25,8
	2,8
	2,6
	10,4

	Wheat over lentils
	11,2
	3,3
	3,4
	5,9

	Wheat over flax
	8,8
	9,9
	3,5
	7,4




As can be seen from Table 17, the degree of damage to plants by the Hessian fly was higher on wheat and peas and reached 31.3%. The degree of damage to plants by the Swedish fly reaches 9.8 to 12.7%. On average, the degree of damage to plants by latent stem pests varied from 7.3 to 18.3. As a result, the level of loss from plant pests is shown in Table 18.

Table 18 - Loss of spring wheat grain from pests by predecessors, by observations and monitoring 2018-2020

	Experience Option
	                                          Crop losses from pests,%

	
	Stem flea
	Hessian fly
	Swedish fly
	Cereal aphid
	Thrips
	Grain scoop

	Wheat peas
	1,2
	2,5
	2,8
	3,7
	5,9
	2,1

	Wheat on rapeseed
	1,3
	2,7
	3,0
	3,5
	5,2
	1,9

	Wheat over lentils
	0,9
	1,8
	2,6
	3,1
	5,0
	1,7

	Wheat over flax
	0,8
	1,6
	2,2
	2,3
	4,1
	1,5



As can be seen from Table 18, slightly less wheat is damaged when placed over lentils and flax.
 Monitoring and accounting for the development of septoria - helminthosporium spots in the heading phases when sowing wheat for peas can be 19.4%, for lentils - 21.4%, for rapeseed - 20.4% and when sowing wheat for flax - 20.6%. The spread of brown and stem rust in the phase of milky ripeness on average for 3 years was from 20.5% to 20.8%, the development of diseases on wheat sown on peas was 12.7%, on wheat on lentils - 13.2%, for wheat for rapeseed - 10.9%, for wheat for flax - 10.7%
The spread of root rot on predecessors for 3 years on average reaches from 26.0% to 32.2%. Studies have shown that the spread and development of root rot in the tillering phase did not depend on the predecessors and ranged from 17.3 to 27.2%. Timely application of fungicides based on crop monitoring reduced the root rot susceptibility of spring wheat plants by 78-87%.
Reducing the dose of a glyphosate-containing herbicide by 10, 25, 50, 75, 90% with the use of a new polymer composite "Vitanoll" (combining the properties of a super-strong wetting agent, having the properties of a surfactant (surfactant), adjuvant and adhesive) does not provide effective control with weeds (table D.22).
 The system for monitoring the development and spread of diseases, plant pests in the precision farming system based on the use of unmanned aerial vehicles, drones and ground support increases the efficiency of controlling the spread of weeds, pests and diseases by 27-32% and allows taking timely preventive protective measures. Differentiated use of herbicides in spring for weed control provides a decrease in the number of weeds by 74.4-79.4%, reduces herbicide consumption by 30-45% and reduces financial costs by up to 30% (Table D.23).
 The use of sprayers using a system of precise application of fungicides reduced the consumption of the drug by 35-42%, increased productivity by 27-35%, and reduced financial costs per hectare to 25%. The yield of spring wheat, using the technology of precise application of fungicides, was 8.75% higher and amounted to 16.0 c / ha compared to the use of sprayers without a precision application system, where the yield was 14.6 c / ha. Under drought conditions in the first half of the growing season of spring wheat and late summer precipitation, the level of spread of septoria leaf spot of plants reached 8.0-11.7%. Spraying crops with fungicides using an accurate application system (GPS navigators, thrusters and other devices) reduced the damage to plants by septoria by 78-89%, and reduced the consumption of the drug by 26-32%.
Studies on ordinary chernozem soils of the Kostanay region show that the use of soil cultivation systems in the precision farming system depends on the initial moisture content in the soil, both in winter and in spring, on the state of weediness of crops, the conditions for the absorption of spring melt water, the presence of mulch, etc. vegetation cover on the soil surface in a specific field. Provided the content of soil moisture in the autumn period in the soil layer 0-30 cm at the level of 40-50 mm, the accumulation of snow mass at the level of average annual indicators, the zero technology provides a better accumulation and preservation of soil moisture for sowing agricultural crops in comparison with traditional cultivation technology, based on mechanical soil cultivation (table G.24).
The application of nitrogen and phosphorus fertilizers at a dose of N30P20 during sowing increases the content of nitrate nitrogen and mobile phosphorus to an average level - up to 10.6 mg / kg and 8.9 mg / 100 g of soil, respectively. The content of nitrogen and phosphorus does not differ significantly between zero and traditional cultivation technology. The highest degree of supply of plants with nitrate nitrogen is observed when sowing spring wheat in a fallow field with traditional cultivation technology (13.3 mg / kg of soil), when sowing wheat in peas with traditional and no-till cultivation technologies, 12.4 and 12.6 mg / kg of soil. The correlation between the content of nitrate nitrogen in the soil and when applying nitrogen fertilizers at a dose of N30 and N30P20 is 0.76. With a grain-steam farming system, the highest yield of spring wheat of 24.0 c / ha is formed with the combined application of nitrogen-phosphorus fertilizers at a dose of N30P20 (table G.24). Analysis of long-term data and data of the current year shows that with a grain-steam farming system there is no significant difference in the productivity of spring wheat between zero and traditional cultivation technologies: the yield is 15.5 and 15.5 kg / ha, respectively (Table G.25). There are no differences in the productivity of spring wheat when grown according to the zero and traditional farming systems with a fruit-changing farming system (Table G.25). The productivity of the crop rotation is higher than that of the grain-fallow one by 2.2 centners / ha or by 18.0%.
 The productivity of peas and oil flax is higher according to the zero cultivation technology than the traditional one. The level of yield of spring wheat for stubble predecessors in the link of crop rotation is at the level of yield of spring wheat for stubble predecessors of grain-fallow crop rotation (Table G.25). The productivity of permanent sowing of wheat per unit hectare is at the level of grain-fallow and fruit-changing crop rotations. To increase the productivity of spring wheat in the system of precision farming on ordinary chernozem soils, it is necessary to apply nitrogen-phosphorus fertilizers in a dose of N30P20. Application of nitrogen-phosphorus fertilizers increases the gluten content in wheat grain, especially in stubble predecessors. Net income rises when nitrogen-phosphorus fertilizers are applied to 42,254 tenge per hectare. When growing durum wheat with the introduction of nitrogen-phosphorus fertilizers, the net income rises to 111,000 tenge per hectare.
An analysis of the prevailing weather conditions for the sowing period of grain crops, the actual soil moisture content, the level of weediness of the fields and a short-term forecast of weather conditions allows us to predict the most optimal sowing time for a specific field. When the soil moisture content is above 120 mm in a meter layer of soil and at a soil temperature in the sowing layer of soil at the level of 13-14 degrees and with a minimum initial weediness of the fields, the productivity of spring wheat in a fallow field at the level of 23.1-24.4 c / ha is formed when sowing on May 15-25 (table 22).
These conclusions coincide with severe arid weather phenomena in the first half of the spring wheat growing season. A critical analysis of the data shows that in such years (2020), with reduced seeding rates, the yield of spring wheat when sown on May 10 does not differ significantly from the crops on May 25 (Table 19). In the conditions of agricultural production, this can be considered as an economically justified sowing period. In years relatively favorable in terms of precipitation during the growing season of spring wheat, the productivity of spring wheat is higher at early sowing dates. Under moderately dry weather conditions during the growing season, there is no significant advantage in terms of sowing spring wheat. Analysis of the formation of productivity of spring wheat depending on the soil conditions of a particular field and weather conditions during the growing season of spring wheat shows that long-term forecasts are needed to form high productivity of spring wheat with high grain quality. The main factors of exceeding the yield of spring wheat consisted in favorable water-physical properties of the soil, "ripening" of the soil and further development of spring wheat under favorable weather conditions. The quality of wheat grain was at the level of 26-30% for all tested sowing dates, which is quite good indicators.

Table 19 - Yield and gluten content of spring soft wheat depending on the sowing period (southern chernozem, Shortandy)

	Sowing time
	Productivity, c / ha
	Gluten,%

	
	2018 y.
	2019 y.
	2020 y.
	2018-2020 yy.
	2018 y.
	2019 y.
	2020 y.
	2018 - 2020 yy.

	5 may
	28,2
	16,4
	21,3
	22,0
	31,6
	27,8
	31,7
	30,4

	10 may
	29,7
	16,0
	22,8
	22,8
	31,0
	27,8
	30,7
	29,8

	15 may
	28,4
	16,4
	24,4
	23,1
	30,2
	26,7
	29,9
	28,9

	20 may
	25,6
	16,5
	23,4
	21,8
	29,5
	27,9
	30,1
	29,2

	25 may
	21,3
	17,2
	23,1
	20,5
	27,6
	26,6
	30,3
	28,2

	30 may
	20,0
	16,3
	22,3
	19,5
	26,1
	25,9
	28,7
	26,9

	4 june
	22,2
	17,5
	21,6
	20,4
	25,6
	26,2
	27,3
	26,4

	НСР0,95
	3,3
	-
	1,5
	
	
	
	
	



The analysis shows that depending on soil conditions and comparative analysis of the prevailing weather conditions, the seeding rate of seeds changes. The seeding rate may vary depending on the conditions of the particular field and predicted weather conditions.
 The use of lentil culture in a diversified farming system increases financial efficiency by 87-95%. Depending on the sowing technology, the productivity of lentils on average varies from 9.5 to 13.8 c / ha (Table 20).
With the initial content of soil moisture in a meter layer of soil in the spring on a specific field at a level of 105-115 mm, with an actual favorable temperature regime of the soil in the sowing layer and predicted weather conditions for the growing season, the calculated optimal sowing time for lentil culture is 10- May 25 (table 20).





Table 20 - Productivity of large-seeded lentils depending on the sowing time, c / ha

	Sowing time
	2018 year
	2019 year
	2020 year
	2018-2020 y.y.

	5 may
	13,3
	6,2
	15,9
	11,8

	10 may
	15,4
	6,4
	19,6
	13,8

	15 may
	12,2
	6,6
	21,0
	13,3

	20 may
	11,1
	6,8
	20,6
	12,8

	25 may
	10,7
	7,7
	18,3
	12,2

	30 may
	9,6
	6,2
	18,9
	11,6

	4 june
	7,9
	6,2
	14,3
	9,5

	НСР0,95
	3,9
	0,4
	2,2
	



4.3 Differentiation of technological processes in the cultivation of agricultural crops in the system of precision farming based on the modernization of the used equipment and information technology
Development of an algorithm and software for monitoring and controlling a universal navigation system for controlling and monitoring the differentiation of fertilization. The task consisted in the development and substantiation of methodological and practical approaches, technical means for the differentiated application of mineral fertilizers, forecasting the economic efficiency of the differentiated application of mineral fertilizers, taking into account the intra-field heterogeneity of soil fertility. To substantiate the differentiated use of mineral fertilizers and means of mechanization, the variability of the elements of soil fertility of the experimental site was determined. The coefficient of variation of the spatial variation of the content of easily hydrolyzable nitrogen in the soil of the surveyed area was 23.6% with variation from 10.0 to 61.6 mg / kg. The variation in the content of mobile phosphorus ranged from 4.41 mg / kg to 64.0 mg / kg of soil. The coefficient of variation was V = 39.8%.
 An algorithm, a program for monitoring and controlling dosing for existing in production sowing complexes that are not equipped with technical means of monitoring and applying various doses of mineral fertilizers, in accordance with the agrochemical map of the field in the system of precision farming, has been developed, a prototype of a universal control and monitoring system for the differentiation of fertilization ( Figure D.1). The dosing control and management system ensures the implementation of the technology of differentiated fertilization according to the map-task with automatic regulation of material consumption according to the speed and location of the unit in the field. The batching control and management system can work according to various maps - tasks, depending on the geometry of the site. Based on the data on the variability of agrochemical parameters of fertility within a specific field, a mathematical model has been developed to calculate the optimal doses of single and complex fertilizers, and a method for creating a "task-map" has been developed.
The developed technical means for monitoring and controlling dosing automatically controls the position of the unit on the field, parallel driving, lateral deviations and controls the consumption of seeds and fertilizers according to the speed and location of the unit, according to the tasks of electronic maps. Also has functions:
- measuring the distance traveled;
- clarification of farmland areas;
- measurements of the treated area;
- breakdown of the field into rectangular boxes;
- obtaining primary geodetic information for making field plans and clarifying the geometric parameters of agricultural land.
The algorithm for controlling the dosing system and the main characteristics and functions of the means for monitoring and controlling dosing are given in Appendix G, Figure G.1
Experimental tests of the machine for differentiated fertilization simultaneously with sowing were carried out under stationary conditions at the KATU im. S. Seifullin and in the fields of LLP "Scientific-production Center for Grain Farming named after A.I. Barayev "(Shortandy, Akmola region).
For the production check of the plant's operability, an experimental sample of the grain-and-grass seeder KATU named after S. Seifullin and seeding complex (PC) Bourgault LLP "SPC for grain farming named after. A.I. Barayev ", (Figure 12).
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Figure 12 - Seeding complex Bourgault
LLP "SPC for grain farming named after A.I. Barayev"

Electronic maps of differentiated fertilization were developed based on the data on the spatial variability of fertility parameters, and on their basis, task maps were developed in the global positioning system (GPS) (Figure 13).
Production check on the fields of the Precision Farming Demonstration Polygon A.I.Baraeva with intra-soil application of ammonium nitrate before sowing on an area of ​​134 hectares showed its efficiency with a standard actuator of the seeding complex Bourgault. The savings of nitrogen fertilizers with the differentiated application of nitrogen fertilizers amounted to 0.9 tons or 5.11 kg / ha (664 tg / ha with a nitrogen cost of 130 tg / kg).
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Figure 13 - Map task for the experimental site,
LLP "SPC for grain farming named after A.I. Barayev"

For the manufacture and replication of the developed algorithm, control and management software and software for the formation of electronic maps for the application of mineral fertilizers, it is possible to organize small-scale production on the basis of the laboratory of robotics and mechatronics of S. Seifullin KATU (Table D.26). Parts and assembly units for mounting a linear actuator can be manufactured in a workshop of an agricultural enterprise.
 4.4 Monitoring the growth, development of crops in the technological schemes of cultivation and management of the production process based on data from ground, aerial and satellite sensing of the earth
Under the conditions of arid agriculture of the steppe zone, a single differential application of nitrogen fertilizers based on agrochemical analysis does not contribute to a decrease in the variability of nitrogen content by the next year's sowing and the diversity of crops remains.
Photometric diagnostics with a manual N-tester "Yara" in an experiment on studying nitrogen nutrition of plants with increasing doses of nitrogen fertilizers showed a direct dependence of the instrument readings on the dose of pre-sowing ammonium nitrate application (Table 21).


Table 21 - Photometric diagnostics of spring wheat leaves by the N-tester "Yara" on variants with increasing doses of nitrogen fertilizers depending on the phase of plant development, average values ​​for 2018-2020

	Option number, application rate of nitrogen fertilizers in a.i.
	Plant development phase

	
	Seedlings
	Tillering
	Out on the phone
	Earing
	Grain formation
	Milk ripeness

	
	
	
	
	
	
	

	1 Control
	453
	641
	654
	688
	689
	686

	2 N20
	475
	656
	686
	710
	738
	720

	3 N40
	479
	626
	717
	687
	738
	737

	4 N60
	501
	646
	724
	693
	740
	748

	5 N80
	512
	651
	712
	675
	741
	743

	6 N100
	507
	637
	696
	681
	747
	723

	7 N120
	507
	627
	670
	683
	744
	732



With an increase in the dose of nitrogen fertilization above 80 kg a.i. / ha, regardless of the conditions of the year, there is a prolongation of the duration of the phenological phases in the second half of the growing season, which was also reflected in the readings of the device. In this regard, the use of high compensation doses with differential application of nitrogen fertilizers turned out to be ineffective and economically inexpedient, which is confirmed by crop data.
Remote diagnostics of nitrogen nutrition by the vegetation index (NDVI) obtained using the UAV also showed a visual difference between fertilized options and control, without fertilization. During the growing season, differences in the development of plants were observed, especially in the variants with the application rate of more than 80 kg / ha of ammonium nitrate (Figure 14).
Leaf diagnostics in various field plots and backgrounds of mineral nutrition in 60% of cases showed a positive response of chloroplasts to trace elements such as Mg, Cu, Zn, and J, which indicates a lack of these elements in the tube-earing phase and confirms their variability for areas under study. The yield accounting presented in Table 22 confirms the results of photometric and remote diagnostics.
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Figure 14 - Index card (NDVI) of the experiment with the introduction 
of various doses of ammonium nitrate, kg. d.v. / ha

Table 22 - Yield of spring wheat (kg / ha) depending on the level of differentiation of nitrogen fertilization in the precision farming system

	Dose of bringing of  nitric fertilizers, д.в. of ammoniacsaltpetre at sowing
	2019 у.
	2020 у.
	On the average a posteriori, 
ц/ha
	Productivity
/- to control

	Контроль (без внесения)
	18,5
	19,2
	18,9
	-

	N20
	21,4
	22,0
	21,7
	2,8

	N40
	21,2
	22,6
	21,9
	3,0

	N60
	21,5
	22,8
	22,2
	3,3

	N80
	22,0
	23,2
	22,6
	3,7

	N100
	21,6
	23,1
	22,4
	3,5

	N120
	22,1
	21,6
	21,9
	3,0

	НСР05, ц/га 
	2,6
	2,4
	2,1
	-



On all variants of applying nitrogen fertilizers relative to the control, a significant increase was formed, however, the differences between the variants with increasing doses of ammonium nitrate were at the level of the trend and did not differ significantly.
Thus, the statistical analysis of the data set for the study period showed that the optimal dose of nitrogen fertilization, which has a significant increase of 2.8 c / ha, is option N20 when sowing (Table 22).
The results of phase-by-phase photometric diagnostics of the development of spring wheat using foliar dressing in the tillering phase, stemming and heading with increasing doses of nitrogen fertilizers during sowing showed a decrease in plant development and the intensity of chlorophyll luminescence according to options with doses of ammonium nitrate over 60 kg / day. ./ha (table 23).
Table 23 - Photometric diagnostics of spring wheat leaves by the N-tester "Yara" on variants with the use of foliar dressing, depending on the phase of plant development, A.I. Barayev SPCGF, 2019-2020

	Option / drug name
	Phase / rate of application of the drug, l / ha
	Plant development phase

	
	
	seedlings
	tillering
	phone out
	earing
	grain formation
	milk ripeness

	Control
	-
	489,5
	644,5
	654
	686
	676
	686

	
Stimulife
	seedlings
	482,0
	675
	650
	667
	712
	728

	
	exit to the pipe
	520,0
	627,5
	662,5
	675
	686,5
	646,5

	
	grain formation
	494,5
	644
	656
	663,5
	682,5
	693

	
	exit to the pipe + 
grain formation
	515
	643,5
	655,5
	673
	686,5
	700

	Vitanol "NP"
	seedlings
	504,5
	635,5
	672,5
	661,5
	651,5
	648

	
	tillering
	489
	613
	658,5
	681
	696
	705

	
	seedlings + tillering
	517,5
	317
	671,5
	688
	713
	690,5

	
	tillering + earing
	219
	302
	332
	335,5
	334,5
	326

	
Vitanol "micro"
	tillering
	500,5
	632
	641,5
	647
	693
	646,5

	
	Earing
	515
	643
	658
	671
	703,5
	660,5

	
	tillering + earing
	486
	643
	662
	671,5
	679,5
	661,5

	
	tillering + earing + milk ripeness
	495,5
	643,5
	671,5
	686
	686
	668

	KXM (silicon containing chelated fertilizer)
	seedlings
	231
	335,5
	331,5
	344,5
	351
	375,5

	
	tillering
	487,5
	642,5
	645,5
	678
	682,5
	703

	
	 earing
	487
	642,5
	649,5
	662
	697,5
	698

	
	tillering + earing
	513
	643
	649,5
	676
	687,5
	699

	Imun System
	tillering
	488,5
	645,5
	663,5
	680
	683
	620

	
	Earing
	444
	663
	670
	682
	696
	741

	
	tillering + earing
	503
	661
	687
	699
	713
	776

	Growth regulator
Reggae 750
	tillering
	447
	649
	662
	697
	713
	702

	
	Earing
	456
	651
	658
	701
	712
	691

	
	tillering + earing
	451
	670
	667
	704
	706
	671

	Minimum value
	438
	604
	641,5
	647
	651,5
	620

	Maximum value
	520
	675
	687
	704
	713
	776

	Standard deviation
	25,1
	16,9
	10,2
	14,1
	15,9
	37,1



Photometric observations in the experiment with the study of preparations for foliar dressing, depending on the timing of application, showed a wide range of results, significantly differing from the control option. Thus, when Vitanol NP was added to the tillering and seedling + tillering phases, the device increased the readings for milk ripeness by 45-55 units relative to the control, and vice versa, the use of the drug only for seedlings optimized the growing season and reduced the N-tester readings by 20 units (table 23).
As the research results show, the use of additional foliar growth and development stimulants (Stimulife, Vitanol "NP", "Vitanol" micro ") during the test differential application of nitrogen fertilizers during sowing in some years turned out to be ineffective and economically inexpedient. This is confirmed by the yield data (table 24).
Table 24 - Yield of spring wheat in the experiment with the study of preparations of foliar dressing in the system of precision farming, SPCGF named after A.I. Barayev, 2019-2020

	Option / drug name
	Phase / rate of application of the drug, l / ha
	Productivity, c / ha

	
	
	2019 y.
	2020 y.
	the average

	Control
	-
	19,0
	15,1
	17,0

	
Stimulife
	exit to the pipe
	22,1
	13,5
	17,8

	
	grain formation
	22,1
	12,8
	17,5

	
	exit to the pipe + grain formation
	22,7
	14,2
	18,5

	
Vitanol "NP"
	seedlings
	23,1
	13,2
	18,2

	
	exit to the pipe
	23,3
	13,5
	18,4

	
	exit to the pipe + grain formation
	24,3
	13,7
	19,0

	
Vitanol
"micro"
	exit to the pipe
	22,7
	12,6
	17,7

	
	earing
	23,0
	12,8
	17,9

	
	tillering + earing
	22,9
	12,5
	17,7

	
	tillering + heading - + milk ripeness
	25,2
	12,5
	18,9

	КХМ 
	exit to the pipe
	24,7
	13,6
	19,2

	
	 earing
	24,0
	13,2
	18,6

	
	exit to the pipe + grain formation
	24,7
	13,5
	19,1

	Imun System
	earing
	23,7
	13,4
	18,6

	НСР05
	3,42
	2,71
	3,08



As can be seen from Table 24, under conditions of a lack of soil moisture in the tillering phase, when burning of the leaves was noted, and an increased temperature background in the heading-flowering phase, the determination of the yield did not reveal the advantages of the studied preparations and combinations of their application; below the control, and did not exceed 15 c / ha.
Biochemical analysis of grain samples in the studied experiments did not reveal the dependence of the content of nitrogen and ash elements on the type of foliar feeding and the phase of their application. The nitrogen content, regardless of the variant of the experiment, remained stable - 2.66-2.98%, both in the experiment with the study of preparations for foliar feeding, and in the variants with increasing doses of nitrogen fertilizers. The content of phosphorus and potassium in the grain also changed insignificantly and was in the range of 0.28-0.30 and 0.42-0.44%, respectively.
Remote diagnostics of nitrogen nutrition according to the vegetation index (NDVI) obtained using unmanned aerial vehicles (UAVs) also shows the absence of visible changes in the development of plants on variants with increasing doses of nitrogen fertilizers (Figure 15).
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Figure 15 - Index map (NDVI) of the experiment with the introduction 
of various doses ammonium nitrate, kg dw / ha

To control the productivity of spring wheat plants, extra feeding was tested during the growing season. The functional analysis and the results of diagnostics in the phase of spring wheat plants entering the tube show that no need for macro and microelements has been identified (Figure 16, 17). 
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	Figure 16 - Functional analysis of spring wheat leaves on the option without adding drugs


	Figure 17 - functional analysis of spring wheat leaves in the variant with the addition of the drug "Vitanol NP"


When Vitanol NP was applied, the reaction of chloroplasts to the addition of nitrogen and phosphorus reagents was significantly lower than in the control, which is associated with a good supply of plants with these elements.
An analysis of the use of foliar dressings shows that their use under conditions of good initial soil supply with nutrients and under the prevailing conditions of temperature and water regimes does not have a positive effect on the photometric and functional indicators of plant development. The absence of productive precipitation in the observation phases also had an effect, when the hydrothermal coefficient of July was only 0.2, which is 5 times lower than the average long-term level. The introduction of foliar dressings and additional regulators in such meteorological conditions contributed to the emergence of plant stress, inhibition of their development in the studied variants.
The actual accounting of the yield in the experiment with the study of preparations for foliar dressing in the precision farming system showed that to a greater extent the effectiveness of foliar treatments depends on the conditions of the growing season of a particular year .. At the same time, a greater effect is manifested under favorable hydrothermal conditions in the tillering phase ... Having reliable weather forecast data will increase the reliability of yield management.
4.5 Assessment of the economic efficiency of using elements of precision farming in the technologies of cultivation of agricultural crops
As a result of the analysis of the economic efficiency of the elements of precision farming, the payback periods of the systems under consideration were determined depending on the output, expressed in standard shifts. An algorithm was developed for assessing the economic efficiency of the elements of precision farming: parallel driving, automatic driving, differentiated fertilization, control of technological work.
Based on the analysis of technological work in the system of precision farming, the main items of financial costs have been identified that determine the effectiveness of elements of precision farming (Table 25).
The calculation of the cost savings from the implementation of the parallel driving system on the Kirovets K-744 tractor is given in Appendix D (Table D.27). The calculation results show that the parallel driving system provides: total savings from the introduction of the parallel driving system on the K-744 tractor for 1 standard shift in the amount of 4,718.54 tenge / shift; total savings from the introduction of a parallel driving system on the K-744 tractor per 1 ha of wheat cultivation in the amount of 170.7 tenge / ha; total savings from the introduction of the parallel driving system on the K-744 tractor per 1 ton of wheat production with a yield of 25 c / ha in the amount of 68.3 tenge / ton. When cost savings are achieved for 1 standard shift in 4,718.54 tenge / shift from the introduction of a parallel driving system, the return on investment of 700 thousand tenge is achieved with about 150 standard shifts.

Table 25 - Items of cost savings that cause additional economic benefits from the introduction of elements of precision farming

	Precision farming element
	Article of cost savings due to the introduction of elements of the precision farming system that affect the economic effect

	Parallel driving system
	Labor costs, fuels and lubricants, materials (seeds, herbicides), labor productivity

	Automatic driving system
	Labor costs, fuels and lubricants, materials (seeds, herbicides), labor productivity

	Differential fertilization system
	Materials (mineral fertilizers)

	Fuel level control system
	Saving fuel



Calculations of the economic efficiency of the automatic driving system show that the total savings from the introduction of the automatic driving system on the Buhler Versatile 485 tractor for 1 standard shift will be 31,421.5 tenge / shift; the total savings from the introduction of the automatic driving system on the Buhler Versatile 485 tractor per 1 ha will be 1,041.4 tenge / ha and the total savings from the introduction of the automatic driving system on the Buhler Versatile 485 tractor per 1 ton of products will be 416.6 tenge / ton (table G.28). When cost savings are achieved for 1 standard shift of 31,421.5 tenge / shift from the introduction of an automatic driving system, a payback of 4.5 million tenge of investments is achieved with about 150 standard shifts.
Calculations of the economic efficiency of the system of differentiated fertilization showed the following efficiency. Savings from reducing the consumption of mineral fertilizers due to the use of a differentiated application system for 1 standard shift is 29842.07 tenge / shift; the total savings from the introduction of differentiated fertilization per 1 hectare is 1079.3 tenge / ha and the total savings from the introduction of a system of differentiated fertilization per 1 ton of products is 431.7 tenge / ton (Table G.28). With the achievement of cost savings for 1 standard shift in 29,842.07 tenge / shift from the introduction of a system of differentiated fertilization, the return on investment of 1.1 million tenge is achieved with the processing of about 36 standard shifts.
In the structure of costs for carrying out technological operations of sowing, the cost of the work of a machine operator is about 10-11 thousand tenge per standard shift. During the standard shift, the consumption of fuels and lubricants is about 55 thousand tenge. This imbalance creates conditions for excessive consumption of fuel and lubricants. The introduction of a control system for fuels and lubricants can provide savings of up to 30% of the specified cost item, which makes it possible to recoup the costs of using sensors in the very first season of their use. In the structure of costs for growing wheat seeds, the share of fuels and lubricants can leave up to 14% of all direct production costs (Table 26).
Saving 30% of fuel and lubricants due to the use of a control system for agricultural work and fuel consumption can be 3.46 thousand tenge / ha or 4.0% of all production costs. In terms of a ton of products, this is 9.8% of costs.
The study also carried out a comparative analysis of the three most popular information systems on the territory of the Republic of Kazakhstan: AgroNetwork Technologies, Cropio, Agrostream, which are part of the Smart Agriculture management.




Table 26 - Cost structure for growing wheat seeds

	Cost item
	Per 1 ha, thousand tenge
	Share, %

	Phot
	7,50
	9%

	Obligatory social medical insurance 1.5%
	0,11
	0%

	Social tax 9.5%
	0,71
	1%

	Fuels and lubricants
	11,53
	14%

	Seeds elite
	11,70
	14%

	Fertilizers
	15,71
	19%

	Pesticides, toxic chemicals
	24,07
	29%

	Current repair, spare parts
	4,99
	6%

	Overheads
	7,13
	9%

	TOTAL COSTS
	83,46
	100%

	Costs per 1 ha
	83,46
	-

	Productivity in test weight, t / ha
	2,38
	-

	Costs per 1 ton of main products
	35,14
	-



For example, the AgroStream software consists of three main modules (Agroplan, Agrofact, Grain Balance), each of which is responsible for a certain aspect of the agricultural enterprise, complementing each other. The characteristics of each system are given in Appendix G, Table G.29. Each company chooses an acceptable system based on goals and capabilities.


















CONCLUSION
Based on the studies carried out in various agroecological zones of Northern Kazakhstan, experimentally confirmed data were obtained on the spatial variability of the content of soil nitrogen, phosphoric acid, and the variation in the humus content of the soil, within a single field. The effectiveness of the targeted use of plant protection products, the differentiated use of mineral fertilizers, soil cultivation and sowing systems, the differentiation of spring agrotechnical works has been proved, and domestic mechanisms for the differentiated application of mineral fertilizers have been developed. The use of modern means of information technology based on remote sensing of the earth, ground-based instruments, unmanned aerial vehicles increases the information content of the state of growth and development of plants for the operational and effective management of crop productivity. The results of the conducted studies allow us to conclude that the use of a precision farming system, taking into account the variability of the content of soil fertility elements, the characteristics of weather conditions, makes it possible to increase the sustainability of agricultural production, labor productivity and increase financial profit.
On the southern carbonate chernozem soils of the Akmola region, a spatial variation in the nitrogen content of nitrates and phosphoric acid was established. The coefficient of variation of the nitrogen content of nitrates is 63.6%, phosphorus - 29.7%. The variation coefficient of the soil humus content is within 14.6%. Under conditions of insufficient winter precipitation, the variability of the content of spring soil moisture reserves varied within a separate field from 114.5-136.0 mm.
On southern chernozemic light clay soils in the conditions of Kostanay region, the degree of variation in the content of nitrate nitrogen varies from 2.5 to 6.10 mg / kg of soil, the variation in the content of phosphoric acid is from 29 to 84 mg / kg of soil. Similar indicators were obtained for the sulfur content. Under the conditions of the steppe zone, a single, differentiated application of nitrogen fertilizers based on agrochemical analysis of soils does not contribute to a decrease in the variability of this indicator to the sowing of the next year, the diversity of crops and their heterogeneity persist for several years. It is necessary to conduct an annual analysis of soils for the main differentiated application of mineral fertilizers, monitoring crops during the growing season for prompt decision-making. Leaf diagnostics in various field plots and backgrounds of mineral nutrition in 60% of cases showed a positive response of chloroplasts to such trace elements as Mg, Cu, Zn and J.
The use of differentiated doses of mineral fertilizers on the basis of electronic maps of fields reduces the variability of the yield of spring wheat to 14.4 - 15.9 c / ha.
In arid conditions of Pavlodar region on southern chernozem soils, the content of nitrate nitrogen varied from 7.9 to 12.5 mg / kg of soil. The phosphoric acid content ranged from 19.9 to 27.7 mg / kg of soil. Differentiated application of nitrogen fertilizers at a dose of 20-30 kg / ha. depending on the level of nitrate nitrogen content, it reduces the coefficient of variation of barley yield to 11.3%. The introduction of ammonium nitrate increases the productivity of barley by 15.9-67.2% in elementary areas.
On the southern heavy loamy chernozem soils of the Kostanay region, the variability of the soil moisture content from was from 56.1 to 105.4 mm in a meter layer of soil, the nitrogen content of nitrates from 6.7 to 15.7 mg / 100 g of soil and the phosphorus content from 5, 9 to 11.2 mg / 100 g of soil. The yield of spring wheat at the working plots varied from 19.3 to 34.4 c / ha. The introduction of calculated doses of phosphorus fertilizers at a dose of 15 and 20 kg / ha increased the yield of spring wheat in elementary plots by 1.89 - 5.12 c / ha. The use of phosphorus fertilizers significantly increases the gluten content in wheat grain for stubble predecessors to 26.8-28.1%. The differentiated use of phosphorus fertilizers increases the monetary profit, depending on the predecessors, up to 9206-21084 tenge ha 1 hectare.
The differentiated introduction of ammophos increased the profitability of wheat production up to 286%.
On the southern chernozem soils of the Kostanay region, it was found that on stubble predecessors with soil moisture reserves in a meter layer of soil for sowing spring wheat at a level of 130-159 mm, sufficient heating of the sowing layer of soil, when controlling weeds, the timing of sowing spring wheat can be differentiated from 22 until May 30. When sowing in these terms, on average, the largest grain yield of spring wheat is formed at the level of 17.8-19.9 c / ha with relatively good indicators of grain quality with a gluten content of up to 30.1%, the highest profitability is achieved. The obtained data allow, when introducing a precision farming system, subject to reliable long-term weather forecasts, to adjust the sowing time for each specific field, in contrast to the prevailing long-term data.
In the zone of southern chernozem soils of Kostanay region, in conditions of insufficient winter and summer atmospheric precipitation, the absence of reliable forecast weather data for the growing season, the most effective predecessor of spring wheat is a fallow field prepared according to the No-Till principle. This condition is justified when moisture accumulation measures are not carried out on stubble fields of crop rotation.
The use of phosphorus fertilizers is effective when it is applied differentiated depending on the predecessor and its actual content in the soil before sowing. The use of phosphorus fertilizers significantly increases the gluten content in wheat grain for stubble predecessors to 26.8-28.1%. Differentiated use of phosphate fertilizers increases the cash profit, depending on the predecessors, up to 9206-21084 tenge.
On the southern carbonate chernozem soils of the Akmola region, the application of mineral fertilizers on the basis of soil diagnostics, with a high supply of soil moisture, control of weeds and with the content of nitrate nitrogen and phosphoric acid in the soil at the level of medium and high supply in a particular field, the inclusion of flax, lentil culture , peas, mustard in the crop rotation increases the productivity of these crops by 35-43%, increases the financial profit of the crop rotation by 25-32% compared to grain-fallow crop rotations. A high yield of spring wheat is formed when growing on perennial grasses and on pure fallow (21.8 c / ha - 21.4 c / ha, respectively).
In terms of productivity, among the various studied crop rotations, the highest grain yield was obtained in a 4-field grain crop rotation with alternating oats-wheat-wheat-barley - 21.3 centners per hectare of arable land in the precision farming system.
In the context of precision farming, economic efficiency has shown that crop rotation due to the high price of grain and oilseeds of legumes and oilseeds.
On southern carbonate chernozem soils, the No-Till system and the minimum tillage system contain more aggregates of 0.25 mm compared to the traditional growing system. The largest percentage of the preserved stubble and plant residues on the soil surface is observed with the No-Till system and the minimum tillage system, which helps to protect the soil from erosion and preserve soil moisture.
On the southern chernozem soils of the Akmola region, the No-Till system and the minimum (reduced) tillage system increase the efficiency of moisture use by 59.6 and 68.4% compared to the traditional tillage system (9.1, 9.6 and 5.7 mg / ha-1 mm, respectively. Spring wheat productivity is 75% and 83% higher with No-Till system and minimum (reduced) tillage compared to traditional cultivation system. Spring wheat productivity with No-Till and minimal (reduced) tillage system soils do not differ significantly from each other.
On the southern carbonate chernozem soils of the Akmola region, the application of phosphorus fertilizers in a dose of P20 and P60v increases the level of phosphorus to a high content - 28.9-41.8 mg / kg. The maximum yield of spring wheat 31.6 -32.7 c / ha is ensured when cultivating spring wheat in a fallow field with the traditional cultivation technology with the introduction of ammophos at a dose of 20 kg. in rows or in a dose of 60 kg in a steam field. In the fruit-shift crop rotation, the introduction of phosphorus fertilizers at a dose of 20 kg / ha a.i. in a fallow field prepared according to the No-Till system, it provides an increase in yield by 5.3 c / ha. The combined application of phosphorus and nitrogen fertilizers increases the yield of spring wheat by 25-35%. Application of nitrogen fertilizers at a dose of 30 kg / ha in 30% of cases increases the yield of spring wheat. In a crop rotation, the combined application of nitrogen and phosphorus fertilizers at a dose of 20 and nitrogen at a dose of 30 kg / ha provides an excess of yield by 7.9-9.0 c / ha or 30-40% (yields of 21.0 and 28.9- 30 kg / ha) compared to the cultivation of spring wheat without fertilizers. The application of phosphorus fertilizers at a dose of 20 kg / ha provides an excess of yield by 4.2 c / ha.
The level of yield of spring wheat with grain-fallow and fruit-change farming systems is at the same level when cultivated according to the traditional cultivation system. The yield level at zero cropping system in grain-fallow and fruit-changing cropping system is lower compared to traditional cropping system.
The application of nitrogen fertilizers for diagnostics, regardless of the tillage technology, crop rotation and predecessor, did not have any advantages in comparison with a fixed application dose.
Carrying out leaf diagnostics in various field plots and backgrounds of mineral nutrition in 60% of cases showed a positive response of chloroplasts to trace elements such as Mg, Cu, Zn and J. The introduction of additional fertilizing and additional regulators in conditions of an increased temperature background and the manifestation of atmospheric drought contributes to the occurrence of stress plants.
The use of additional foliar growth and development stimulants (Stimulife, Vitanol "NP", "Vitanol" micro ") in the test differential application of nitrogen fertilizers during sowing turned out to be ineffective and economically inexpedient.
In the system of precision farming, the differentiated application of pesticides increases the profitability of the use of pesticides by 15-20%. Targeted application of herbicides with sprayers with a special dosing device reduces herbicide consumption by 30-45% and reduces financial costs by up to 30%. The use of sprayers using a system of precise application of fungicides reduces the consumption of the drug by 35-42%, increases productivity by 27-35%, and reduces financial costs per hectare to 25%. The yield of spring wheat, using the technology of precise application of fungicides, was 8.75% higher and amounted to 16.0 c / ha compared to the use of sprayers without a precision application system, where the yield was 14.6 c / ha.
The system for monitoring the development and spread of diseases, plant pests in the precision farming system based on the use of unmanned aerial vehicles, drones and ground support increases the efficiency of controlling the spread of weeds, pests and diseases by 27-32% and allows taking timely preventive protective measures. Timely application of fungicides based on crop monitoring reduces the susceptibility of spring wheat plants to root rot by 78-87%. The prophylactic application of insecticides based on crop monitoring reduced the damage to spring wheat plants by stem flea beetles, Hessian fly and wheat thrips by 88%.
On ordinary chernozem soils of Kostanay region, subject to soil moisture content in the autumn period in a soil layer of 0-30 cm at a level of 40-50 mm, accumulation of snow mass at the level of average long-term indicators, zero technology ensures better accumulation and preservation of soil moisture for sowing crops compared to traditional cultivation technology. The application of nitrogen and phosphorus fertilizers at a dose of N30P20 during sowing increases the content of nitrate nitrogen and mobile phosphorus to an average level - up to 10.6mg / kg and 8.9mg / 100g of soil, respectively. The correlation between the content of nitrate nitrogen in the soil and when applying nitrogen fertilizers at a dose of N30 and N30P20 is 0.76. The highest yield of spring wheat is formed with the combined application of nitrogen-phosphorus fertilizers at a dose of N30P20. When grown in a fallow field, there is no significant difference in the productivity of spring wheat between zero and traditional cultivation technologies: the yield is 20.1 and 20.9 c / ha, respectively. The productivity of the crop rotation is higher than that of the grain-fallow one by 2.2 centners / ha or by 18.0%.
Productivity of peas, oil flax is higher according to zero growing technology in comparison with the traditional one. To increase the productivity of spring wheat in the system of precision farming on ordinary chernozem soils, it is necessary to apply nitrogen-phosphorus fertilizers in a dose of N30P20. Net income rises when nitrogen-phosphorus fertilizers are applied to 42,254 tenge per hectare. When growing durum wheat with the introduction of nitrogen-phosphorus fertilizers, the net income rises to 111,000 tenge per hectare.
On the southern calcareous soils of the Akmola region in the current year, with a soil moisture content of at least 120 mm in a meter layer of soil and sufficient heating of the sowing layer of soil to 13-14 degrees and with a minimum initial weediness of fields, the highest yield of spring wheat with good grain quality formed by the fallow field at the level of 23.1-24.4 centners / ha; formed during sowing on May 15-25. With the initial reserves of soil moisture not lower than 120-125 mm in a meter layer of soil, with good quality seed material and using seeders for precise sowing, the most optimal sowing rate is at 2.5-3.0 million germinable seeds per 1 hectare of sowing ... In years relatively favorable in terms of precipitation during the growing season of spring wheat, the productivity of spring wheat is higher at early sowing dates. Under moderately dry weather conditions during the growing season, there is no significant advantage in terms of sowing spring wheat. Analysis of the formation of productivity of spring wheat depending on the soil conditions of a particular field and weather conditions during the growing season of spring wheat shows that long-term weather forecasts are needed to form high productivity of spring wheat with high grain quality.
The use of lentil culture in a diversified farming system increases financial efficiency by 27-35%. With the initial content of soil moisture in a meter layer of soil in the spring period not less than 105-115 mm, with an actual favorable temperature regime of the soil in the sowing layer, using seeders for direct sowing and guaranteed predictive calculations of weather conditions for the first half of the growing season, the estimated sowing period of lentil culture May 22-25 was the most optimal.
Developed an algorithm and software for monitoring and controlling dosing for differentiated fertilization according to the map - task in accordance with the agrochemical map of the field in the precision farming system with automatic regulation of costs for the existing sowing complexes in production. A mathematical model has been developed for calculating differentiated doses of fertilization. and a mechanism for managing rates of their introduction for the modernization of existing agricultural equipment. The saving of nitrogen fertilizers with differentiated application increases by 18 and phosphorus fertilizers by 2 times.
 The use of the parallel driving system increases the changeable performance of the unit on sowing by 3.0% and by 1.2% reduces the specific fuel consumption, reduces the overlap of adjacent aisles from 30.0 cm to 18 cm. The automatic driving system increases the changeable productivity of the unit on sowing reduces specific fuel consumption by 6.6% and by 6.9%. The system of differentiated fertilization reduces the actual dose of mineral fertilizers by 17.6% ”. The total savings from the introduction of the parallel driving system on the K-744 tractor per 1 ha of wheat cultivation is 170.7 tenge / ha; the total savings from the introduction of the parallel driving system on the K-744 tractor per 1 ton of wheat production with a yield of 25 c / ha is 68.3 tenge / ton. The total savings from the introduction of an automatic driving system on a Buhler Versatile 485 tractor per 1 ha is 31041.4 tenge / ha; savings from reducing the consumption of mineral fertilizers due to the use of a differentiated application system for 1 standard shift is 29,842.07 tenge / shift; total savings from the introduction of differentiated fertilization per 1 ha is 1079.3 tenge / ha; reducing the consumption of fuels and lubricants by 30% due to the use of a control system for agricultural work and fuel consumption saves 3.46 thousand tenge / ha or 4.0% of all production costs. In terms of a ton of products, this is 9.8% of costs.
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В рамках проекта в целях пропаганды и распространения знаний  проведены  следующие мероприятия:
2018 год 
Научно-практическая конференция: Инновационные технологии точного земледелия, 7 сентября; 
День поля:  Повышение  устойчивости  и экологичности  производства зерновых культур, 22 августа; Инновационные технологии точного земледелия, 7 сентября;
Семинары:
Приемы повышения продуктивности возделывания зерновых, масличных и зернобобовых культур, 5-6 апреля;
Использование инновационных технологий для ранней экспресс-диагностики заболеваний сельскохозяйственных растений(с участием ученых Ганноверского университета), 18 июля;
Опыт применения системы точного земледелия в Германии и проблемы практической реализации технологии точного земледелия (с участием эксперта  из Германии Волькмар Хербст), 13 августа;
Диверсификация сельскохозяйственных культур и технологии точного земледелия, 25 октября;
 Тренинг для специалистов по системе точного земледелия(эксперты из ФГБНУ Агрофизический НИИ, Россия ), 19-22 декабря
2019 год
Научно-практическая конференция «Вклад молодых ученых в инновационные технологии для АПК», 15 марта.
Дени поля:  Инновационные технологии на базе полигона точного земледелия, 22августа, 23 августа;
Семинары:
Инновационные технологии точного земледелия, 14 февраля; 
Точное земледелие: новый этап в развитии IT-агрономии, 17 мая;
Инновации в области разработки приемов устойчивого сельскохозяйственного природопользования в условиях изменяющегося климата в районах сухих степей Казахстана и юго-запада Сибири(с участием иностранных экспертов России, Германии), 26 июня;
Новые и перспективные сорта кормовых культур для создания сенокосов и пастбищ, 12 июля;
Агрохимическое обследование(методы, задачи) и применение  минеральных удобрений при возделывании зерновых культур, 18 июля;
Перспективы и проблемы точного земледелия в северном Казахстане с участием иностранных специалистов из Германии, России и Беларуси, 18 сентября;
Точное земледелие в аграрном производстве: проблемы, решения, эффективность (с участием иностранных экспертов), 7 ноября;
2020 год
Международная научно-практическая конференция «Вклад молодых ученых в развитие почвозащитного земледелия», 8 октября.
Дени поля:  Интенсификация технологий возделывания сельскохозяйственных культур с элементами точного земледелия (онлайн), 17 августа; Полевой семинар с участием фермеров Акмолинской области, 8 августа.
Семинары:
Повышение устойчивости производства сельскохозяйственных культур в системе точного земледелия, 13-14 февраля, 18-19 февраля;
Научно-практические исследования и практические результаты, 21 февраля; 
Агрохимическое обследование и применение  минеральных удобрений (вебенар), 21 апреля;
Элементы точного земледелия в системе весенне-полевых работ (вебенар), 24 апреля;
Обучение (видеоконференция) инновационным технологиям, 10 июня;  
Современные методы селекции засухоустойчивых сортов для условий Северного Казахстана (с участием международного эксперта), 18 августа.
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APPENDIX Д
Results of researches
Таблица Г.1 – Природно-климатическое зонирование земель Северного Казахстана

	Почва
	Мощность гумусового горизонта А+В, см
	Содер-жание гумуса в горизонте А,%
	Климатические показатели

	
	
	
	сумма осадков, мм
	сумма положительных температур выше 10ºС
	испаря-емость, мм

	
	
	
	за год
	за вегетационный период
	
	

	Черноземы
выщелоченные
	50-70
	6-9
	320-350
	220
	2100
	530

	Черноземы 
обыкновенные
	55-65
	7-8
	300-360
	200
	2200
	570

	Черноземы южные
	40-55
	5-6
	280-320
	150-180
	2300
	650

	Каштановые
	35-45
	2-4
	220-270
	150
	2300-3000
	700-850



Таблица Г.2 - Краткая характеристика почв и климатических условий Северного Казахстана

	Природные зоны
и подзоны
	Площадь, млн. га
	Климатические условия

	
	зоны или подзоны
	пахотно-пригодных земель
	средне годовая температура воздуха
	продолжительность
периода дней

	
	
	
	
	безмо-розный
	выше 10ºС

	Умеренно-влажная лесостепь
	1,0
	0,4
	0,2-0,8
	110-120
	130

	Умеренно-влажная степь
	13,0
	5,5
	1,0-1,5
	115-170
	130-170

	Умеренно-засушливая степь
	11,8
	8,0
	1,5-2,0
	115-120
	135-140

	Засушливая степь
	46,0
	17,6
	2,0-4,0
	120-140
	140-155
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Таблица Г.3 - Основные агрометеорологические показатели вегетационных периодов за 2018-2020 сельскохозяйственные года 
в районе полигона точного земледелия ТОО «НПЦЗХ им. А.И. Бараева»

	Месяц
	Декада
	Средняя температура, °С
	Сумма осадков, мм
	Сумма эффективных температур ≥ 10 °С
	Гидротермический коэффициент ГТК*

	
	
	2017-2018 
год
	2018-2019 год
	2019-2020 год
	Средне много-летние
	2017-2018 
год
	2018-2019 год
	2019-2020 год
	Средне много-летние
	2017-2018 год
	2018-2019 год
	2019-2020 год
	Средне много-летние
	2017-2018 год
	2018-2019 год
	2019-2020 год
	Средне много-летние

	Сентябрь
	месяц
	11,7
	10,0
	10,0
	11,3
	11,1
	20,4
	43,5
	25,0
	-
	-
	878
	-
	-
	-
	-
	-

	Октябрь
	месяц
	2,5
	3,5
	3,1
	2,9
	22,9
	46,7
	21,4
	28,7
	-
	-
	-
	-
	-
	-
	-
	-

	Ноябрь
	месяц
	-1,9
	-6,7
	-9,9
	-7,5
	20,6
	37,4
	23,0
	20,6
	-
	-
	-
	-
	-
	-
	-
	-

	Декабрь
	месяц
	-10,6
	-15,7
	-11,9
	-14,1
	32,4
	8,6
	47,3
	19,3
	-
	-
	-
	-
	-
	-
	-
	-

	Январь
	месяц
	-18,7
	-15,0
	-12,4
	-16,7
	14,9
	10,6
	60,1
	16,7
	-
	-
	-
	-
	-
	-
	-
	-

	Февраль
	месяц
	-15,0
	-13,3
	-7,4
	-16,4
	10,5
	27,3
	49,8
	13,5
	-
	-
	-
	-
	-
	-
	-
	-

	Март
	месяц
	-8,5
	-4,1
	-7,5
	-10,1
	43,8
	36,6
	0,0
	12,9
	-
	-
	-
	-
	-
	-
	-
	-

	Апрель
	месяц
	3,4
	4,1
	6,9
	3,4
	32,3
	28,7
	39,0
	20,2
	-
	-
	-
	-
	-
	-
	-
	-

	Май
	1
	6,3
	12,0
	14,6
	10,5
	6,1
	1,2
	0,0
	10,4
	35
	99
	268
	118
	1,7
	0,3
	0,0
	0,8

	
	2
	8,1
	10,1
	18,7
	12,6
	27,6
	8,4
	1,0
	9,5
	
	
	
	
	
	
	
	

	
	3
	11,8
	13,0
	20,0
	14,6
	8,2
	0,5
	0,0
	12,5
	
	
	
	
	
	
	
	

	
	месяц
	8,7
	11,7
	17,8
	12,5
	41,9
	10,1
	1,0
	32,4
	
	
	
	
	
	
	
	

	Июнь
	1
	17,0
	12,9
	19,2
	16,8
	5,6
	5,0
	5,6
	11,8
	244
	223
	443
	370
	1,3
	1,0
	1,0
	0,7

	
	2
	16,1
	12,7
	17,4
	18,7
	13,8
	24,1
	5,0
	14,2
	
	
	
	
	
	
	
	

	
	3
	17,7
	16,8
	11,0
	19,6
	49,9
	11,4
	39,5
	13,5
	-
	-
	-
	-
	-
	-
	-
	-

	
	месяц
	16,9
	14,1
	15,8
	18,3
	69,3
	40,5
	50,1
	39,5
	
	
	
	
	
	
	
	

	Июль
	1
	22,0
	20,0
	14,8
	20,1
	3,0
	2,3
	24,9
	18,9
	550
	588
	670
	676
	0,9
	0,3
	0,8
	0,9

	
	2
	21,9
	26,4
	22,0
	20,0
	9,8
	0,0
	6,0
	20,4
	
	
	
	
	
	
	
	

	
	3
	16,5
	19,9
	16,3
	19,6
	34,3
	13,2
	15,7
	17,7
	
	
	
	
	
	
	
	

	
	месяц
	20,1
	22,1
	17,7
	19,9
	47,1
	15,5
	46,6
	57,0
	
	
	
	
	
	
	
	

	Август
	1
	19,8
	19,2
	23,0
	18,8
	0,3
	0,3
	8,7
	13,4
	707
	833
	960
	895
	2,2
	0,5
	0,4
	0,7

	
	2
	15,9
	19,6
	17,9
	18,1
	48,0
	4,0
	18,3
	12,6
	
	
	
	
	
	
	
	

	
	3
	10,1
	15,6
	18,0
	15,5
	37,5
	21,7
	0,3
	13,8
	
	
	
	
	
	
	
	

	
	месяц
	15,3
	18,1
	19,6
	17,4
	85,8
	26,0
	27,3
	39,8
	
	
	
	
	
	
	
	

	Сентябрь - Август
	2,0
	2,4
	3,5
	1,7
	429,3
	308,4
	409,1
	325,6
	-
	-
	-
	-
	-
	-
	-
	-





Таблица Г.4 - Основные агрометеорологические показатели вегетационного периода за сельскохозяйственные годы (южный чернозем, Костанайская область)

	Месяц
	Месяц/дек-ада
	Средняя температура, °С
	Сумма осадков, мм
	Сумма эффективных температур ≥ 10 °С
	Гидротермический коэффициент ГТК*

	
	
	2017-2018 год
	2018-2019 год
	2019-2020 гг
	средне много
летние
	2017-2018 год
	2018-2019 год
	2019-20 гг.
	средне многолетние
	2017-2018 год
	2018-2019 год
	2019-2020 гг
	средне много-летние
	2017-2018 год
	2018-2019 год
	2019-20 гг.
	средне много-летние

	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18

	Сентябрь
	месяц
	12,6
	13,2
	10,9
	12,5
	7,3
	12,6
	51,7
	25,0
	-
	-
	-
	-
	-
	-
	-
	-

	Октябрь
	месяц
	3,1
	6,2
	7,3
	4,9
	26,5
	39,6
	46,3
	29,0
	-
	-
	-
	-
	-
	-
	-
	-

	Ноябрь
	месяц
	-0,9
	-4,3
	-7
	-5,5
	6,1
	20,2
	19,4
	25,0
	-
	-
	-
	-
	-
	-
	-
	-

	Декабрь
	месяц
	-13,1
	-15,1
	-9,8
	-12,3
	17,8
	10,2
	26,6
	24,0
	-
	-
	-
	-
	-
	-
	-
	-

	Январь
	месяц
	-18,3
	-15,2
	-7,9
	-14,5
	2,1
	8,0
	27,9
	19,0
	-
	-
	-
	-
	-
	-
	-
	-

	Февраль
	месяц
	-15,0
	-15,4
	-6,8
	-13,9
	6,5
	12,2
	38
	15,0
	-
	-
	-
	-
	-
	-
	-
	-

	Март
	месяц
	-10,0
	-2,2
	-1,4
	-7,4
	38,3
	24,1
	22,4
	15,0
	-
	-
	-
	-
	-
	-
	-
	-

	Апрель
	месяц
	4,5
	5,4
	7,7
	5,3
	33,1
	12,2
	36
	26,0
	-
	-
	-
	-
	-
	-
	-
	-

	Май
	1
	9,3
	16,0
	16,1
	11,8
	9,9
	2,0
	0,8
	12,0
	239,0
	373,4
	478,2
	272
	2,1
	0,6
	2,1
	-

	
	2
	11,5
	14,8
	15,6
	14,4
	0,4
	9,5
	68,3
	12,0
	
	
	
	
	
	
	
	

	
	3
	14,5
	15,5
	19,7
	15,3
	34,4
	6,6
	11,5
	12,0
	
	
	
	
	
	
	
	

	
	месяц
	11,9
	15,4
	17,2
	13,7
	44,7
	18,1
	80,6
	36,0
	
	
	
	
	
	
	
	

	Июнь
	1
	14,5
	17,8
	19,6
	17,9
	45,9
	7,8
	0,0
	11,0
	585,5
	778,3
	861,9
	670
	2,2
	0,3
	0,6
	-

	
	2
	15,3
	16,9
	19,0
	20,4
	2,4
	1,5
	0,0
	8,0
	
	
	
	
	
	
	
	

	
	3
	19,9
	20,8
	14,8
	21,6
	28,1
	3,5
	23,1
	16,0
	
	
	
	
	
	
	
	

	
	месяц
	16,6
	18,5
	17,8
	20,0
	76,4
	12,8
	23,1
	35,0
	
	
	
	
	
	
	
	

	Июль
	1
	22,9
	21,2
	21,6
	21,1
	8,8
	13,1
	4,0
	22,0
	1229,5
	1339,9
	1429,0
	1142
	0,6
	0,4
	0,3
	-

	
	2
	22,7
	27,0
	27,9
	20,6
	7,6
	0,0
	0,4
	18,0
	
	
	
	
	
	
	
	

	
	3
	20,9
	21,3
	20,7
	21,1
	19,3
	9,9
	13,0
	16,0
	
	
	
	
	
	
	
	

	
	месяц
	22,1
	23,1
	23,3
	20,9
	35,7
	23,0
	17,4
	56,0
	
	
	
	
	
	
	
	

	Август
	1
	21,2
	19,5
	25,6
	19,9
	9,8
	4,0
	10,0
	16,0
	1535,3
	1783,5
	1889,0
	1538
	2,7
	1,2
	1,5
	-

	
	2
	17,9
	22,4
	15,1
	19,3
	22,9
	1,9
	57,1
	9,0
	
	
	
	
	
	
	
	

	
	3
	15,4
	16,4
	18,9
	17,4
	49,7
	47,1
	2,4
	10,0
	
	
	
	
	
	
	
	

	
	месяц
	18,1
	19,3
	19,8
	18,9
	82,4
	53,0
	69,5
	35,0
	
	
	
	
	
	
	
	




Продолжение таблицы Г.4
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18

	С/х год Сентябрь – Август
Отдельно от сент-авг:
	2,0
	2,6
	4,1
	1,7
	3,5
	376,9
	246,0
	325,6
	340,0
	-
	-
	-
	-
	-
	-
	-
	-

	Сентябрь
	1
	
	12,0
	14,7
	15,2
	
	12,5
	0,6
	10,0
	-
	-
	-
	-
	-
	-
	-
	-

	
	2
	
	15,4
	12,8
	12,3
	
	6,7
	34,3
	9,0
	-
	-
	-
	-
	-
	-
	-
	-

	
	3
	
	5,4
	8,2
	9,9
	
	32,5
	7,1
	6,0
	-
	-
	-
	-
	-
	-
	-
	-

	
	месяц
	
	10,9
	11,9
	12,5
	
	51,7
	42,0
	25,0
	-
	-
	-
	-
	-
	-
	-
	-



Таблица Д5 – Основные агрометеорологические показатели вегетационного периода за 2019 сельскохозяйственный год в районе производственного поля для агрохимического обследования точного земледелия ТОО «Карабалыкская СХОС»

	Месяц
	декада
	Средняя температура, °С
	Сумма осадков, мм
	Сумма эффективных температур ≥ 10 °С
	Гидротермический коэффициент ГТК*

	
	
	2017-2018 год
	2018-2019 год
	Средне много-летние
	2017-2018 год
	2018-2019 год
	Средне много-летние
	2017-2018 год
	2018-2019 год
	Средне много-летние
	2017-2018 год
	2018-2019 год
	Средне много-летние

	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14

	Сентябрь
	месяц
	13,6
	11,9
	11,3
	18,2
	8,1
	27,7
	-
	-
	-
	-
	-
	-

	Октябрь
	месяц
	2,2
	3,2
	2,9
	33,5
	27,8
	25,3
	-
	-
	-
	-
	-
	-

	Ноябрь
	месяц
	-5,4
	-6,2
	-7,5
	18,9
	18,3
	18,9
	-
	-
	-
	-
	-
	-

	Декабрь
	месяц
	-14,2
	-13,3
	-14,1
	24,0
	18,3
	17,3
	-
	-
	-
	-
	-
	-

	Январь
	месяц
	-16,4
	-17,7
	-16,7
	15,1
	9,1
	13,5
	-
	-
	-
	-
	-
	-

	Февраль
	месяц
	-14,3
	-15,0
	-16,4
	14,9
	13,2
	11,2
	-
	-
	-
	-
	-
	-

	Март
	месяц
	-7,4
	-8,0
	-10,1
	15,6
	24,2
	13,5
	-
	-
	-
	--
	-
	-

	Апрель
	месяц
	5,1
	5,0
	3,4
	25,0
	30,3
	23,3
	-
	-
	-
	-
	-
	-

	Май
	1
	10,2
	13,1
	10,4
	14,5
	6,7
	10,4
	264,9
	268,1
	270,5
	1,7
	0,9
	1,5

	
	2
	13,5
	13,1
	12,5
	4,2
	5,5
	9,5
	
	
	
	
	
	


Продолжение таблицы Г.5
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14

	
	3
	14,2
	15,0
	14,5
	27,0
	12,1
	12,0
	
	
	
	
	
	

	
	месяц
	12,7
	13,7
	12,5
	45,7
	24,2
	31,9
	
	
	
	
	
	

	Июнь
	1
	15,2
	16,8
	16,7
	24,9
	13,3
	14,1
	315
	314,1
	320,1
	1,6
	1,2
	1,3

	
	2
	18,0
	17,7
	18,4
	6,2
	4,2
	17,1
	
	
	
	
	
	

	
	3
	21,2
	23,2
	19,5
	19,0
	19,9
	15,7
	
	
	
	
	
	

	
	месяц
	18,3
	19,3
	18,3
	50,0
	37,4
	46,9
	
	
	
	
	
	

	Июль
	1
	22,3
	19,7
	20,1
	11,2
	28,4
	21,9
	396,1
	432,9
	428,5
	1,9
	1,6
	1,4

	
	2
	21,6
	22,5
	20,0
	41,8
	38,5
	23,6
	
	
	
	
	
	

	
	3
	22,1
	18,9
	19,6
	22,2
	3,7
	22,7
	
	
	
	
	
	

	
	месяц
	21,9
	20,4
	19,9
	75,1
	70,6
	68,2
	
	
	
	
	
	

	Август
	1
	21,6
	20,3
	18,7
	18,3
	19,1
	13,2
	344,7
	343,2
	345,5
	0,9
	1,3
	1,2

	
	2
	18,5
	18,4
	18,0
	10,7
	6,9
	12,6
	
	
	
	
	
	

	
	3
	19,2
	14,9
	15,4
	3,8
	19,5
	13,7
	
	
	
	
	
	

	
	месяц
	19,7
	17,9
	17,4
	32,7
	45,5
	39,5
	
	
	
	
	
	

	Сентябрь - Август
	3,0
	2,6
	1,7
	368,7
	327,0
	337,2
	
	
	
	
	
	




Таблица Г.6 - Физико-химическая характеристика чернозема южного карбонатного, мг/экв на 100г воздушно-сухой почвы

	Глубина взятия образца, см
	Содержание ионов, мг-экв
	Сумма, мг-экв.
	Степень засоления
	Тип засоления

	
	Cl-
	SO42-
	Ca2+
	Mg2+
	Na+
	K+
	анионов
	катионов
	
	

	0-25
	0,20
	0,05
	0,45
	0,05
	0,12
	0,08
	0,65
	0,70
	0,05
	н

	25-43
	0,20
	0,05
	0,45
	0,05
	0,11
	0,01
	0,71
	0,62
	0,05
	н

	43-65
	0,12
	0,10
	0,35
	0,15
	0,20
	0,01
	0,70
	0,71
	0,05
	н

	65-100
	0,12
	0,10
	0,25
	0,10
	0,63
	0,01
	0,82
	0,99
	0,07
	н

	100-120
	0,24
	0,30
	0,05
	0,10
	1,21
	0,01
	1,34
	1,37
	0,10
	н



Таблица Г.7 – Статистические характеристики выборки по агрохимическим показателям почвы по элементарным участкам ТОО "НПЦЗХ им.А.И.Бараева", 2019 г.

	Показатель
	Гумус, %
	N- NО3, мг/кг
	Фосфор, мг/кг
	Калий, мг/кг

	Среднее
	3,45
	4,01
	26,88
	581,83

	Стандартная ошибка
	0,04
	0,20
	0,63
	10,79

	Медиана
	3,39
	3,60
	25,30
	561,00

	Мода
	3,63
	3,60
	22,70
	499,00

	Стандартное отклонение
	0,51
	2,56
	7,95
	136,96

	Дисперсия выборки
	0,26
	6,55
	63,20
	18757,38

	Эксцесс
	-0,10
	41,95
	0,17
	0,08

	Асимметричность
	0,31
	5,19
	0,57
	0,67

	Интервал
	2,71
	26,69
	44,70
	682,00

	Минимум
	2,27
	0,13
	6,40
	298,00

	Максимум
	4,98
	26,83
	51,10
	980,00

	Сумма
	554,88
	646,32
	4328,10
	93674,00

	Счет
	161,00
	161,00
	161,00
	161,00

	Наибольший(1)
	4,98
	26,83
	51,10
	980,00

	Наименьший(1)
	2,27
	0,13
	6,40
	298,00

	Уровень надежности (95,0%)
	0,08
	0,40
	1,24
	21,32

	Коэффициент вариации
	14,60
	63,60
	29,7
	23,46





Таблица Г.8 – Динамика запасов продуктивной влаги в слое 0-100 см, в зависимости от предшественника и способа влагонакопительных мероприятий, НПЦЗХ им. А.И. Бараева

	Предшественник
	Годы 
	Период наблюдений

	
	
	После схода снега 
	После посева
	Перед уборкой

	Пар плоскорезный
	2019
	179,2
	105,2
	31,6

	
	2020
	136,0
	134,8
	32,6

	Стерня пшеницы со снегозадержанием
	2019
	180,2
	107,7
	25,8

	
	2020
	132,7
	130,1
	30,0

	Стерня без обработки
	2019
	121,9
	98,4
	23,9

	
	2020
	119,9
	121,2
	30,8

	Многолетние травы
	2019
	80,4
	70,7
	23,7

	
	2020
	115,0
	114,5
	24,9

	НСР05 (в слое 0-100 см)
	2019
	37,4
	23,6
	8,3

	
	2020
	17,4
	16,9
	8,2



Таблица Г.9 - Содержание основных элементов питания в слое почвы 0-20 см перед посевом яровой пшеницы, 2018 г.(Костанайская сельскохозяйственная опытная станция)

	№ участка
	Координаты участка
	Содержание, мг/кг почвы
	Гумус, %

	
	
	N-NO3
	P2O5
	K2O
	S
	

	1
	53°12'23.9'' N 63°46'38.3'' E
	4,10
	63
	324
	8,41
	3,71

	2
	53°12'17.4'' N 63°46'35.2'' E
	2,70
	84
	172
	4,58
	2,09

	3
	53°12'21.8'' N 63°46'50.0'' E
	6,10
	42
	199
	3,12
	2,61

	4
	53°12'15.4'' N 63°46'46.1'' E
	3,0
	29
	242
	3,54
	2,61

	5
	53°12'19.7'' N 63°47'01.3'' E
	5,50
	50
	199
	5,83
	2,61

	6
	53°12'13.3'' N 63°46'57.8'' E
	4,60
	36
	207
	5,06
	2,77

	7
	53°12'17.8'' N 63°47'12.8'' E
	4,40
	45
	281
	6,07
	2,61

	8
	53°12'11.3'' N 63°47'09.4'' E
	5,0
	39
	336
	4,30
	3,08

	9
	53°12'15.7'' N 63°47'24.7'' E
	6,0
	42
	398
	10,03
	3,13

	10
	53°12'08.8'' N 63°47'20.6'' E
	5,20
	55
	411
	8,5
	3,19

	11
	53°12'13.4'' N 63°47'36.1'' E
	5,8
	26
	189
	5,16
	2,77

	12
	53°12'06.9'' N 63°47'31.8'' E
	5,8
	34
	159
	8,4
	3,03

	13
	53°12'11.5'' N 63°47'47.3'' E
	4,0
	60
	244
	2,77
	2,81

	14
	53°12'04.9'' N 63°47'43.1'' E
	3,20
	44
	187
	4,87
	2,29

	15
	53°12'09.5'' N 63°47'59.1'' E
	3,10
	32
	132
	2,96
	2,51

	16
	53°12'02.7'' N 63°47'54.7'' E
	3,0
	46
	127
	3,20
	2,40

	17
	53°12'07.7'' N 63°48'10.3'' E
	3,20
	58
	247
	5,97
	2,82

	18
	53°12'00.8'' N 63°48'06.2'' E
	2,50
	44
	194
	2,48
	2,62

	19
	53°12'05.6'' N 63°48'22.0'' E
	4,60
	32
	149
	2,86
	2,56

	20
	53°11'58.6'' N 63°48'17.7'' E
	3,20
	48
	212
	2,39
	2,67

	V
	29
	30
	35
	46
	13



Таблица Г.10 – Содержание основных элементов питания в слое почвы 0-30 см перед посевом яровой пшеницы, 2019 г. (Костанайская сельскохозяйственная опытная станция)

	Элемен-тарный участок
	№ варианта
	Координаты участка
	Содержание, мг/кг почвы

	
	
	
	N-NO3
	P2O5
	K2O
	S

	1
	1
	53°48'05.9'' N 62°15'27.8'' E
	6,3
	47
	149
	5,3

	
	2
	53°48'08.8'' N 62°15'35.5'' E
	
	
	
	

	2
	3
	53°48'12.1'' N 62°15'43.4'' E
	6,7
	71
	133
	4,6

	
	4
	53°48'15.1'' N 62°15'51.4'' E
	
	
	
	

	3
	5
	53°48'15.2'' N 62°15'18.4'' E
	4,6
	58
	132
	8,6

	
	6
	53°48'17.9'' N 62°15'26.4'' E
	
	
	
	

	4
	7
	53°48'20.7'' N 62°15'34.0'' E
	6,4
	101
	224
	8,7

	
	8
	53°48'23.8'' N 62°15'42.1'' E
	
	
	
	

	5
	9
	53°48'24.5'' N 62°15'08.6'' E
	4,7
	76
	199
	3,3

	6
	10
	53°48'30.1'' N 62°15'23.3'' E
	5,4
	79
	260
	3,7

	7
	11
	53°48'33.6'' N 62°14'59.5'' E
	5,4
	108
	480
	2,6

	8
	
	
	10,6
	117
	323
	6,0

	9
	12
	53°48'39.1'' N 62°15'11.0'' E
	3,6
	113
	164
	7,1

	10
	13
	53°48'48.0'' N 62°15'09.1'' E
	8,4
	108
	160
	7,0

	V
	32,8
	28,2
	49,1
	37,9



Таблица Г.11 – Содержание основных элементов питания в слое почвы 0-30 см перед посевом яровой пшеницы, 2020 г. (Костанайская сельскохозяйственная опытная станция)

	Поле/
участок
	
N-NO3
	Обеспе-ченность
	
P2O5
	Обеспе-ченность
	
К2О
	Обесп-еченность
	
S
	Обесп-еченность
	Гумус, %
	Содер-жание

	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11

	У.2-11
	4,9
	очень низкая
	71
	средняя
	380
	оч. высокая
	7,1
	средняя
	4,64
	средняя

	У.2-12
	<2,8
	очень низкая
	76
	средняя
	310
	оч. высокая
	4,3
	низкая
	4,36
	средняя

	У.2-13
	<2,8
	очень низкая
	63
	средняя
	264
	оч. высокая
	6,1
	средняя
	4,55
	средняя

	У.2-14
	6,5
	низкая
	96
	средняя
	264
	оч. высокая
	19,2
	оч.
высокая
	4,73
	средняя

	У.2-15
	5,6
	низкая
	48
	низкая
	257
	оч. высокая
	6,8
	средняя
	4,51
	средняя

	У.2-16
	8,7
	низкая
	65
	средняя
	244
	оч. высокая
	14,0
	высокая
	5,27
	средняя

	У.2-17
	4,0
	очень низкая
	66
	средняя
	287
	оч. высокая
	5,9
	низкая
	4,61
	средняя

	У.3-11
	5,4
	низкая
	71
	средняя
	191
	оч. высокая
	6,6
	средняя
	4,35
	средняя

	У.3-12
	4,0
	очень низкая
	72
	средняя
	165
	высокая
	7,6
	средняя
	4,38
	средняя

	У.3-13
	3,5
	очень низкая
	70
	средняя
	347
	оч. высокая
	4,4
	низкая
	4,85
	средняя

	У.3-14
	5,9
	низкая
	69
	средняя
	372
	оч. высокая
	5,8
	низкая
	4,59
	средняя

	У.3-15
	<2,8
	очень низкая
	56
	средняя
	353
	оч. высокая
	5,3
	низкая
	4,88
	средняя



Продолжение таблицы Г.11
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11

	У.3-16
	4,7
	очень низкая
	70
	средняя
	384
	оч. высокая
	9,7
	повышен.
	5,19
	средняя

	У.3-17
	4,2
	очень низкая
	66
	средняя
	335
	оч. высокая
	5,9
	низкая
	4,90
	средняя

	У.4-11
	5,2
	низкая
	65
	средняя
	337
	оч. высокая
	7,8
	средняя
	4,68
	средняя

	У.4-12
	5,2
	низкая
	70
	средняя
	387
	оч. высокая
	5,8
	низкая
	4,76
	средняя

	У.4-13
	5,2
	низкая
	67
	средняя
	403
	оч. высокая
	4,3
	низкая
	4,90
	средняя

	У.4-14
	4,2
	очень низкая
	55
	средняя
	365
	оч. высокая
	7,2
	средняя
	5,04
	средняя

	У.4-15
	4,8
	очень низкая
	52
	средняя
	322
	оч. высокая
	5,7
	низкая
	4,80
	средняя

	У.4-16
	5,5
	низкая
	56
	средняя
	443
	оч. высокая
	9,0
	повышен.
	5,15
	средняя

	У.4-17
	5,9
	низкая
	67
	средняя
	458
	оч. высокая
	13,5
	высокая
	4,93
	средняя

	V
	27,8
	14,7
	22,8
	46,8
	5,5



Таблица Г.12 – Статистический анализ динамики запасов продуктивной влаги в метровом слое почвы в среднем за 2018– 2020 годы

	Сроки отбора проб
	Количество продуктивной влаги, мм.
	Коэффициент вариации, %
	Размах вариации мг/кг

	
	минимум
	максимум
	среднее
	
	

	Кущение
	56,1
	105,4
	71,5
	18,7
	49,3

	Фаза цветение
	12,2
	63,5
	32,0
	42,9
	51,3

	После уборки
	8,1
	38,6
	23,7
	40,0
	30,5



Таблица Г.13 –Показатели урожайности и качества зерна пшеницы 

	Элементарные участки
	Урожай, ц/га
	Качество зерна

	
	
	Белок,
%
	Сырая клейковина,%
	Натура зерна, г/л
	Класс заготовительных
кондиций

	1
	2
	3
	4
	5
	6

	1
	28,0
	9,5
	24,0
	776
	4

	2
	29,6
	8,8
	18,7
	745
	5

	3
	25,6
	8,7
	19,8
	749
	5

	4
	22,4
	10,8
	23,8
	748
	4

	5
	25,6
	10,7
	23,7
	752
	4

	6
	23,2
	7,1
	18,9
	759
	5

	7
	24,0
	9,3
	20,9
	752
	5

	8
	19,3
	9,6
	21,8
	754
	4

	9
	31,2
	7,9
	21,2
	755
	5

	10
	32,0
	10,5
	24,4
	743
	4

	11
	26,9
	9,8
	18,2
	775
	4

	12
	33,6
	11,0
	23,4
	758
	4

	13
	27,1
	8,9
	21,2
	762
	5

	14
	28,9
	6,6
	19,1
	761
	5


Продолжение таблицы Г.13
	1
	2
	3
	4
	5
	6

	15
	34,4
	9,4
	24,6
	781
	5

	16
	22,4
	8,4
	23,0
	776
	5

	17
	22,4
	8,9
	25,8
	739
	5

	18
	27,2
	8,8
	20,8
	768
	5

	19
	24,0
	9,3
	21,4
	754
	5

	20
	23,2
	10,8
	23,3
	759
	4

	Средние по полю
	26,5
	9,2
	21,9
	758,3
	5



Таблица Г. 14- Урожайность яровой пшеницы в зависимости от внесения дифференциро-ванных доз минеральных удобрений 

	№ варианта
	Элементарный участок
	Группа обеспеченности / вариант
	Урожайность ц/га, среднее

	1
	1
	1 / К
	12,84

	2
	
	1 /Р20
	14,73

	3
	2
	2 / К
	12,44

	4
	
	2 / Р15
	17,56

	5
	3
	2 / Р15
	22,04

	6
	
	2 / Р15
	22,04

	7
	4
	3 / К
	20,56

	8
	
	3 / Р10
	21,66

	9
	5
	2 / К
	17,45

	10
	6
	2 / Р15
	19,01

	11
	7; 8
	3 / К
	23,11

	12
	9
	3 / Р10
	22,83

	13
	10
	3 / Р10
	19,59



Таблица Г.15 – Показатели урожайности и качества зерна пшеницы в среднем за 2018 - 2020 годы (Обыкновенный чернозем, Карабалыкская сельскохозяйственная опытная станция)

	Элементарные участки
	Урожай, ц/га
	Качество зерна

	
	
	Белок,
%
	Сырая клейковина,%
	Натура зерна,г/л
	Класс заготовительных
кондиций

	1
	2
	3
	4
	5
	6

	1
	23,8
	11,0
	25,8
	769,0
	4

	2
	25,2
	11,9
	22,8
	746,7
	4

	3
	22,7
	9,9
	23,4
	761,7
	4

	4
	22,8
	10,3
	22,5
	745,0
	4

	5
	24,3
	10,4
	24,2
	754,3
	4

	6
	22,1
	9,6
	24,6
	758,7
	4

	7
	25,0
	11,6
	23,9
	757,0
	3

	8
	24,0
	11,3
	25,2
	758,3
	3

	9
	24,2
	10,7
	24,9
	752,7
	4


Продолжение таблицы Г.15
	1
	2
	3
	4
	5
	6

	10
	25,8
	11,5
	25,1
	746,3
	3

	11
	24,2
	10,8
	23,9
	759,0
	4

	12
	25,6
	12,2
	26,4
	755,7
	2

	13
	26,1
	8,5
	23,8
	753,0
	5

	14
	26,5
	10,7
	21,0
	755,3
	4

	15
	27,0
	10,5
	24,7
	761,0
	4

	16
	25,4
	12,0
	25,8
	754,0
	3

	17
	24,1
	9,3
	26,4
	746,3
	5

	18
	26,4
	11,3
	24,5
	758,0
	4

	19
	24,8
	11,9
	28,3
	746,3
	3

	20
	22,9
	11,7
	25,2
	763,3
	3

	Средние ариф-метическое ẍ
	24,6
	10,8
	24,6
	755,1
	4

	Коэффициент вариации% V
	5,6
	8,7
	6,5
	0,9
	-




Таблица Г. 16 – Экономические показатели возделывания яровой пшеницы в зависимости от дифференцированного внесения минеральных удобрений по рабочим участкам

	№ вари-анта
	Урожайность, ц/га
	Уборка с измельчением соломы, тг./га
	Отвоз зерна от комбайнов, сортировка тг./га
	Затраты на возделывание, тг./га 
	Всего затрат, тг./га
	Вало-вой продук-ции, тг.
	При-быль, тг./га 
	Рента-бель-ность, %

	1
	12,84
	1220
	257
	38125
	39602
	97584
	57982
	146

	2
	14,73
	1399
	295
	44210
	45904
	111948
	66044
	144

	3
	12,44
	1182
	249
	38125
	39556
	94544
	54988
	139

	4
	17,56
	1668
	351
	42689
	44708
	133456
	88748
	199

	5
	22,04
	2094
	441
	42689
	45224
	154280
	109056
	241

	6
	22,04
	2094
	441
	42689
	45224
	167504
	122280
	270

	7
	20,56
	1953
	411
	38125
	40489
	156256
	115767
	286

	8
	21,66
	2058
	433
	41168
	43659
	164616
	120957
	277

	9
	17,45
	1658
	349
	38125
	40132
	132620
	92488
	230

	10
	19,01
	1806
	380
	42689
	44875
	144476
	99601
	222

	11
	23,11
	2195
	462
	38125
	40782
	161770
	120988
	297

	12
	22,83
	2169
	457
	41168
	43794
	159880
	116086
	265

	13
	19,59
	1861
	392
	41168
	43421
	137130
	93709
	216

	* – рыночная цена на зерно пшеницы по состоянию на 1-ю декаду октября 2019 года: Выс. и 1-й класс – 76 000 тенге, 2-3-й класс – 70 000 тенге, 4-й класс – 65 000 тенге.
** - Стоимость применения удобрений аммофос – 1 га: 
Р 20 – 6085 тенге.
Р 15– 4564 тенге.
Р 10 – 3043 тенге.



Таблица Г.17 – Запасы продуктивной влаги в полях зернопарового 4-польного севооборота, перед посевом (слой 0-100 см)

	Поле севооборота
	Вариант
	Содержание продуктивной влаги перед посевом по годам, мм

	
	
	2018
	2019
	2020
	среднее

	Гербицидный пар
	–
	151
	117
	148
	139

	1-я культура после пара
	Без удобрений
	191
	151
	179
	174

	
	Р15
	188
	156
	181
	175

	2-я культура после пара
	Без удобрений
	166
	148
	152
	155

	
	Р15
	158
	149
	172
	160

	3-я культура после пара
	Без удобрений
	149
	95
	169
	138

	
	Р15
	155
	96
	170
	140



 Таблица Г.18 – Содержание элементов питания в слое почвы 0-40 см по полям зернопарового севооборота перед посевом

	Поля севооборота
	Вариант
	Слой почвы, см
	Содержится мг/кг почвы

	
	
	
	N-NO3
	P2O5
	К2О

	Гербицидный пар
	
	0-20
	5,7
	106
	254

	
	
	20-40
	4,3
	71
	210

	
	
	0-40
	5,0
	88
	232

	1-я пшеница после пара
	Контроль
	0-20
	12,0 
	107
	231

	
	
	20-40
	9,8
	87
	163

	
	
	0-40
	10,9
	97
	197

	
	Р15
	0-20
	12,4
	147
	299

	
	
	20-40
	9,5
	91
	159

	
	
	0-40
	10,9
	119
	229

	2-я пшеница после пара
	Контроль
	0-20
	6,1
	86
	229

	
	
	20-40
	5,5
	84
	212

	
	
	0-40
	5,8
	85
	220

	
	Р15
	0-20
	9,0
	117
	291

	
	
	20-40
	3,1
	75
	181

	
	
	0-40
	6,0
	96
	236

	3-я пшеница после пара
	Контроль
	0-20
	6,6
	87
	235

	
	
	20-40
	4,4
	59
	158

	
	
	0-40
	5,5
	73
	196

	
	Р15
	0-20
	10,6
	110
	245

	
	
	20-40
	4,6
	69
	138

	
	
	0-40
	7,6
	89
	191


Таблица Г.19 – Содержание элементов питания в слое почвы 0-40 см по полям плодосменного севооборота перед посевом

	Поля севооборота
	Вариант
	Слой почвы
	Содержится мг/кг почвы

	
	
	
	N-NO3
	P2O5
	К2О

	Горох
	Контроль
	0-20
	4,9
	53
	246

	
	
	20-40
	3,7
	38
	176

	
	
	0-40
	4,3
	45
	211

	
	Р15
	0-20
	5,2
	77
	271

	
	
	20-40
	4,2
	46
	181

	
	
	0-40
	4,7
	61
	226

	Пшеница после гороха
	Контроль
	0-20
	5,6
	48
	210

	
	
	20-40
	4,8
	35
	257

	
	
	0-40
	5,2
	41
	233

	
	Р15
	0-20
	5,5
	57
	293

	
	
	20-40
	4,6
	38
	156

	
	
	0-40
	5,0
	47
	224

	Лен
	Контроль
	0-20
	6,9
	80
	265

	
	
	20-40
	4,1
	49
	150

	
	
	0-40
	5,5
	64
	207

	
	Р15
	0-20
	6,7
	114
	220

	
	
	20-40
	4,8
	64
	154

	
	
	0-40
	5,7
	89
	187

	Пшеница после 
льна
	Контроль
	0-20
	4,8
	85
	238

	
	
	20-40
	2,8
	51
	151

	
	
	0-40
	3,8
	68
	194

	
	Р15
	0-20
	3,3
	88
	217

	
	
	20-40
	1,4
	41
	114

	
	
	0-40
	2,3
	64
	165



Таблица Г. 20 - Содержание N- NO3 (в слое 0-40 см) в посевах пшеницы, мг/кг почвы, 2018-2020

	Технология,
севооборот
	Варианты
	Сроки определения

	
	
	Пшеница по пару и гороху
	Пшеница по льну

	
	
	До посева
	Кущение
	Колошение
	До посева
	Кущение
	Колошение

	1
	2
	3
	4
	5
	6
	7
	8

	Традиционная
(зернопаровой)
	Контроль
	9,9
	6,7
	4,4
	7,4
	7,0
	3,3

	
	P20 в рядки
	
	-
	-
	
	8,1
	5,4

	
	P20 в рядки
	
	-
	-
	
	6,8
	3,8

	
	P60 в пар
	
	6,0
	4,3
	
	5,0
	3,9

	
	P60 в пар +N по диагн. в рядки
	
	11,5
	8,9
	
	8,1
	5,2

	Традиционная
(плодосменный)
	Контроль
	7,4
	8,0
	6,5
	7,8
	5,8
	5,8

	
	P20 в рядки +N30 осенью пов –но
	
	12,7
	11,4
	
	11,4
	5,9

	
	P20 в рядки +N30 весной пов –но
	
	9,3
	6,9
	
	12,4
	6,2

	
	P60 в пар
	
	7,9
	5,6
	
	6,4
	4,1


Продолжение таблицы Г.20
	1
	2
	3
	4
	5
	6
	7
	8

	
	P60 в пар +N по диагн. в рядки
	
	10,1
	10,1
	
	8,6
	5,3

	Нулевая
(зернопаровой)
	Контроль
	7,7
	8,0
	6,8
	7,3
	5,9
	3,5

	
	N30 в рядки
	
	13,2
	9,0
	
	8,8
	6,1

	
	N30 осенью пов –но+P20 в рядки
	
	9,0
	7,9
	
	9,9
	5,1

	
	P20 в рядки+N30 весной пов –но
	
	12,0
	8,1
	
	10,0
	3,5

	
	P20 в рядки+ N диагн. в рядки
	
	11,6
	8,7
	
	10,9
	6,2

	Нулевая
(плодосменный)
	Контроль
	7,6
	9,4
	6,5
	9,5
	7,6
	4,9

	
	N30 в рядки
	
	15,6
	11,6
	
	11,6
	5,6

	
	N30 осенью пов –но + P20 в рядки
	
	12,1
	9,9
	
	9,7
	6,5

	
	P20 в рядки+N30 весной пов –но
	
	15,8
	8,8
	
	10,1
	6,6

	
	P20 в рядки+N диагн. в рядки
	
	15,6
	10,0
	
	8,3
	5,9



Таблица Г.21 - Содержание Р2 О5 (в слое 0-20 см) в посевах пшеницы, мг/кг почвы 2018-2020
	Фоны обработок
	Вариант
	Сроки определения

	
	
	Пшеница по пару и гороху
	Пшеница по льну

	
	
	до посева
	куще-ние
	коло-шение
	до посева
	куще-ние
	коло-шение

	Традиционная
(зернопаровой)
	Контроль
	28,8
	21,5
	20,8
	27,7
	22,3
	17,9

	
	P20 в рядки
	
	-
	-
	
	30,8
	25,0

	
	P20 в рядки
	
	-
	-
	
	31,4
	30,2

	
	P60 в пар
	
	39,5
	34,1
	
	33,6
	26,3

	
	P60 в пар +N по диагн. в рядки
	
	39,6
	36,5
	
	30,1
	25,7

	Традиционная
(плодосменный)
	Контроль
	33,8
	23,7
	18,9
	29,8
	24,5
	19,3

	
	P20 в рядки+N30 осенью пов –но
	
	36,1
	32,5
	
	30,7
	24,3

	
	P20 в рядки+N30 весной пов –но
	
	41,4
	33,2
	
	34,4
	30,4

	
	P60 в пар
	
	37,3
	32,4
	
	33,4
	30,0

	
	P60 в пар +N по диагн. в рядки
	
	38,1
	33,8
	
	32,1
	30,8

	Нулевая
(зернопаровой)
	Контроль
	31,9
	22,5
	18,8
	30,6
	19,8
	19,3

	
	N30 в рядки
	
	19,9
	17,0
	
	20,3
	19,7

	
	N30 осенью пов –но+P20 в рядки
	
	38,0
	30,1
	
	34,1
	30,6

	
	P20 в рядки+N30 весной пов –но
	
	36,2
	29,5
	
	33,0
	30,0

	
	P20 в рядки+ N по диагн. в рядки
	
	37,3
	27,8
	
	30,9
	25,3

	Нулевая
(плодосменный)
	Контроль
	29,5
	24,9
	16,8
	29,6
	22,7
	19,9

	
	N30 в рядки
	
	24,2
	16,0
	
	21,7
	18,0

	
	N30 осенью пов –но + P20 в рядки
	
	35,7
	27,8
	
	36,0
	29,7

	
	P20 в рядки+N30 весной пов-но
	
	36,2
	28,1
	
	39,0
	30,6

	
	P20 в рядки+N по диагн. в рядки
	
	35,1
	28,5
	
	37,2
	29,9




Таблица Г. 22 - Влияние снижения дозы гербицида на гибель сорных растений
 
	Вариант
	Доза, л/га
	№ учёта
	Гибель сорняков, %
	Из них по видам

	
	
	
	всех
	в том числе
	бодяк
	вьюнок полевой
	липучка
	марь белая
	овсюг

	
	
	
	
	двудоль-ные
	злако-вые
	
	
	
	
	

	1. Контроль
Раундап 36% в.р.
	3,0
	2
	93,49
	93,0
	95,65
	92,98
	93,02
	100,0
	91,67
	100,0

	
	
	3
	88,62
	88,0
	91,30
	87,72
	88,37
	100,0
	83,33
	100,0

	2. Снижение дозы на 10 % + Витанолл 0,03 л/га
	2,7
	2
	93,75
	91,95
	97,56
	91,84
	92,11
	100,0
	95,24
	100,0

	
	
	3
	83,59
	86,21
	78,05
	85,71
	86,84
	76,92
	80,95
	71,43

	3. Снижение дозы на 10 % 
	2,7
	2
	93,60
	92,0
	97,87
	90,20
	93,24
	100,0
	93,75
	100,0

	
	
	3
	83,14
	85,60
	76,60
	84,31
	86,49
	77,27
	81,25
	66,67

	4. Снижение дозы на 25 % + Витанолл 0,03 л/га
	2,25
	2
	92,0
	90,58
	97,30
	90,24
	91,07
	100,0
	94,44
	100,0

	
	
	3
	82,86
	85,51
	72,97
	85,37
	85,71
	70,00
	77,78
	66,67

	5. Снижение дозы на 25 % 
	2,25
	2
	91,73
	90,53
	95,31
	89,91
	91,36
	95,65
	96,30
	92,86

	
	
	3
	83,46
	84,74
	79,69
	85,32
	83,95
	82,61
	77,78
	78,57

	6. Снижение дозы на 50 % + Витанолл 0,03 л/га
	1,5
	2
	76,60
	74,64
	80,00
	74,39
	75,00
	78,57
	80,00
	84,62

	
	
	3
	63,76
	63,04
	65,00
	60,98
	66,07
	61,90
	68,00
	69,23

	7. Снижение дозы на 50 % 
	1,5
	2
	73,66
	71,74
	77,61
	72,00
	71,43
	75,68
	78,95
	81,82

	
	
	3
	61,95
	62,32
	61,19
	60,00
	65,08
	59,46
	63,16
	63,64

	8. Снижение дозы на 75 % + Витанолл 0,03 л/га
	0,75
	2
	64,13
	67,35
	57,45
	66,67
	68,29
	66,67
	53,33
	56,52

	
	
	3
	50,34
	52,04
	46,81
	50,88
	53,66
	44,44
	46,67
	47,83

	9. Снижение дозы на 75 % 
	0,75
	2
	51,92
	55,24
	45,10
	58,14
	53,23
	44,44
	45,45
	45,45

	
	
	3
	44,23
	47,62
	37,25
	44,19
	50,00
	38,89
	36,36
	36,36

	10. Снижение дозы на 90 % + Витанолл 0,03 л/га
	0,3
	2
	36,45
	36,51
	36,36
	36,11
	37,04
	37,14
	35,29
	36,00

	
	
	3
	22,66
	25,40
	18,18
	26,39
	24,07
	17,14
	11,76
	24,00



Таблица Г.23 – Сравнительная эффективность технологии предпосевных обработок для контроля засоренности посевов яровой пшеницы

	Технология предпосевной обработки почвы

	Срок посева



	Численность сорняков до обработки, шт/м2
	Численность сорняков в фазу кущения пшеницы, шт/м2
	Гибель надземной массы сорняков, %

	
	
	всего
	многолетних
	однолетних
	всего
	многолетних
	однолетних
	всего
	многолетних
	однолетних

	Контроль (без применения предпосевных обработок)
	
28.05

	13,9
	9,7
	4,2
	15,4
	10,3
	5,1
	-
	-
	-

	Механическая предпосевная обработка почвы
	28.05
	18,3
	12,5
	5,8
	5,9
	4,1
	1,8
	67,7
	67,2
	68,9

	Дифференцированное опрыскивание сорных растений (Раундап экстра, в.р.1,5 л/га)
	28.05

	16,4

	12,5
	3,9
	4,0
	3,2
	0,8
	75,6
	74,4
	79,4






Таблица Г.24 - Динамика запасов продуктивной влаги в метровом слое почвы в среднем за 2018 - 2020 годы, мм

	Культуры
	Технологии
	Перед посевом
	Кущение
(ветвление)
	Цветение

	Зернопароплодосменный севооборот

	Пар
	Традиционная
	73,6
	73,1
	62,6

	
	Нулевая
	95,4
	82,0
	86,3

	1 КПП, пшеница твёрдая
	Традиционная
	90,9
	63,9
	28,1

	
	Нулевая
	107,3
	83,4
	42,3

	2 КПП, пшеница мягкая
	Традиционная
	72,6
	61,3
	19,5

	
	Нулевая
	94,6
	77,4
	39,6

	3 КПП, пшеница 
	Традиционная
	84,2
	63,7
	39,1

	мягкая
	Нулевая
	100,1
	73,8
	43,6

	4 КС, горох
	Традиционная
	90,3
	60,8
	39,3

	
	Нулевая
	98,4
	72,7
	46,8

	5 КС, пшеница мягкая
	Традиционная
	81,4
	54,7
	31,4

	
	Нулевая
	90,8
	62,3
	39,0

	6 КС, лён
	Традиционная
	88,2
	63,6
	31,9

	
	Нулевая
	97,0
	76,5
	41,1

	7 КС, пшеница мягкая
	Традиционная
	65,0
	55,6
	21,5

	
	Нулевая
	94,3
	69,6
	26,2

	Пшеница мягкая бессменно
	Традиционная
	85,6
	62,6
	27,4

	
	Нулевая
	96,7
	76,0
	33,3

	Средние по культурам, без паров
	Традиционная
	82,3
	60,8
	29,8

	
	Нулевая
	101,2
	74,0
	39,0



Таблица Г.25 – Урожайность сельскохозяйственных культур в зависимости от технологии возделывания, среднее за 2016 – 2019 годы, ц/га

	Поле севооборота/
культура

	Техно-логии (А)
	Удобрение (В)
	Сред-нее (А)
	НСР05 частн. разл.
	НСР05 (А)
	НСР05 (В)
	НСР05 (АВ)

	
	
	Без удобре-ний
	N30
	N30P20
	
	
	
	
	

	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	Зернопароплодосменный севооборот

	Зернопаровое звено

	Паровое поле
	Т*
	0,0
	0,0
	0,0
	0,0
	
	
	
	

	
	N*
	0,0
	0,0
	0,0
	0,0
	
	
	
	

	 Твёрдая пшеница по паровому полю
	Т*
	20,5
	18,5
	23,6
	20,9
	
	
	
	

	
	N*
	20,0
	18,5
	21,8
	20,1
	
	
	
	

	
	Среднее
(В)
	20,2
	18,5
	22,7
	20,5
	3,1
	1,7
	2,1
	2,5

	Яровая пшеница-вторая культура после парового поля, 
	Т*
	16,2
	15,7
	17,2
	16,4
	
	
	
	

	
	N*
	13,3
	12,8
	16,2
	14,1
	
	
	
	

	
	Среднее
 (В)
	14,8
	14,0
	16,7
	15,3
	2,1
	1,2
	1,5
	1,7

	Пшеница мягкая
	Т*
	13,6
	15,2
	15,9
	14,9
	
	
	
	

	
	N*
	10,5
	14,1
	16,9
	13,8
	
	
	
	

	
	Среднее
 (В)
	12,1
	14,7
	16,4
	14,4
	2,0
	1,1
	1,4
	1,6


Продолжение таблицы Г.25
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	Плодосменное звено

	Горох
	Т*
	20,3
	18,8
	20,1
	19,7
	
	
	
	

	
	N*
	22,2
	23,0
	24,1
	23,1
	
	
	
	

	
	Среднее  (В)
	21,3
	20,9
	22,1
	21,4
	3,4
	1,9
	2,3
	2,7

	Пшеница мягкая
	Т*
	16,8
	16,7
	18,2
	17,2
	
	
	
	

	
	N*
	14,0
	13,8
	15,1
	14,3
	
	
	
	

	
	Среднее  (В)
	15,4
	15,2
	16,7
	15,8
	2,7
	1,4
	1,8
	2,1

	Лён
	Т*
	12,6
	14,5
	14,9
	14,0
	
	
	
	

	
	N*
	13,3
	16,4
	16,3
	15,4
	
	
	
	

	
	Среднее  (В)
	13,0
	15,5
	15,6
	14,7
	1,7
	0,9
	1,2
	1,3

	Пшеница мягкая
	Т*
	14,3
	16,8
	17,6
	16,2
	
	
	
	

	
	N*
	13,6
	15,7
	19,5
	16,3
	
	
	
	

	
	Среднее  (В)
	14,0
	16,2
	18,5
	16,3
	2,7
	1,5
	1,8
	2,2


*Т-традиционная технология
*N-Нулевая технология
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Рисунок Г. 1 - Алгоритм контроля дозирующей системы



Таблица Г.26 - Основные характеристики и функции системы контроля и управления дозированием

	Кнопки управления

	Механические + дублирующие сенсорные кнопки на экране.

	Цветной дисплей 
	Диагональ 8" (20см). Дневной и ночной режимы экрана с регулированием яркости.

	Электропитание
 - монитор
 - актуатор, 1 канал управления
	
U= +12 V, I max = 1,5 А 
U= +12 V, I max = 5 А 

	Вес
	 1,3 кг

	Встроенный спутниковый приемник.
	GPS/ ГЛОНАСС, частота 10 Гц, точность параллельного вождения 40-50 см.
Возможность подключения дифференциальной коррекции SBAS для территорий, где действуют поправки, точность параллельного вождения 20-30см.

	Подключение внешнего спутникового приемника
	Интерфейс подключения - RS-232
Протокол NMEA-183, обработка слов $GPRMC, $GPGGA, $GPGSA

	
Параллельное вождение
	 Относительно: 
 - обработанной полосы;
 - зафиксированных точек A и Б; 
 - выбранного направления.

	Смещение линий гонов
	Функция коррекции ухода координат при временных перерывах в обработках для повышения точности параллельного вождения.

	Возможность обработки поля группой
	Координаты точек А и Б разметки гонов поля вводятся в СКУД группы агрегатов файлом через ПК или непосредственным вводом значений координат прямо в поле.

	Ширина захвата
	Устанавливается через 0,1 м в диапазоне
 1-999 м.

	Контроль бокового отклонения
	Дискретность 0,1м.

	Звуковое сопровождение выхода бокового отклонения за установленные границы.
	Позволяет выполнять работы по внесению корректировки, не глядя на экран.

	Определение обработанной площади.
	Площадь рассчитывается только при включенном режиме обработки как произведение пройденного расстояния на фактическую длину поперечной штанги с учетом отключения секций штанги над обработанным участком.

	Определение площади поля
	Площадь рассчитывается на любом этапе обработки или объезда поля.

	Вывод на экран технологической колеи / контура поля / границ внутренних препятствий на поле
	Технологическая коля, контур поля, границы внутренних препятствий - шаблоны для обработки - подготавливаются методом объезда непосредственно в СКУД или на ПК в программе Google Планета Земля.

	Непрерывный контроль местоположения агрегата на поле
	Выделено отдельное окно экрана, в котором отображается местоположение агрегата относительно границ поля.
Функция позволяет проводить ночные работы на полях с большим количеством внутренних препятствий и сложным контуром границы.

	Оперативное изменение масштаба экрана во время обработки
	Изменение масштаба на экране с «рабочего» на «просмотровый» нажатием одной кнопки.

	Сортировка файлов обработанных полей по удалению от текущего местоположения при открытии для продолжения обработок
	Позволяет оперативно вывести на экран ранее обработанное поле из имеющегося в памяти списка сохраненных полей не зная, как оно было ранее обозначено.

	Автоматическое сохранение выполненных обработок 
	Все обработки сохраняются для последующего анализа качества выполненных работ.

	Размер и количество сохраняемых файлов обработанных полей
	Ограничений нет. Для определения текущего местоположения агрегата относительно границы поля рекомендуется каждую обработку выполнять отдельным файлом.

	Удаление выполненной обработки из памяти прибора в полевых условиях
	Невозможно, ненужные обработки и обработки предыдущего сезона удаляются только при подключении СКУД к ПК.

	Оценка качества выполненной обработки в полевых условиях
	Просмотр обработки возможен выводом на экран интересующих участков поля или запуском специального режима «Демонстрация» - проигрывание файла в ускоренном режиме.

	
Журнал выполненных за сезон обработок и зарегистрированных максимальных нагрузок на с/х технику
	Сохраняются обработки и нагрузки. Журнал невозможно удалить из памяти. Служит для контроля незапланированных обработок (левых работ) и условий эксплуатации с/х техники. Автоматически обнуляется при смене года.

	Контроль обработок на ПК
	Подключение к ПК через USB вход. Обменный формат KML и DXT. В программу Google Планета Земля (файлы KML) выводятся только треки, на которых проводилась обработка. В исходных файлах (DXT) содержится вся зарегистрированная информация.

	Отображение на экране характерной метки
	Координаты метки фиксируются на треке движения агрегата после нажатия соответствующей кнопки или вводятся агрономом в СКУД по данным электронной карты хозяйства.

	Перенос информации на другой ДСМ
	Файлы обработок, шаблонов и разметки гонов переносятся через ПК. Используются для продолжения обработки поля на другом с/х агрегате или работы группой.

	Внешнее управление
	Включение режима обработки на СКУД по сигналу внешнего датчика. Например - автоматический контроль обработанной площади при перемещении орудия в рабочее положение.




	Управление при помощи СКУД
	Включение исполнительного механизма при включении режима обработки на СКУД.

	Разбивка поля на участки.
	Разбивка имеющегося шаблона контура поля в СКУД на прямоугольные участки с заданными размерами или импорт KML файла с участками произвольной формы.

	Отображение точек планируемого забора проб
	Импорт KML файла с координатами точек планируемых мест забора почвенных проб.

	Автономная (или по сигналу включения бура почвоотборника) фиксация координат мест фактического забора почвенных проб для каждого участка поля
	Возрастающая нумерация меток точек забора внутри участка с привязкой к номеру участка. Сохранение файла забора проб в DXT формате.

	Подготовка карты-задания на дифференцированный высев семян и одновременное внесение 2-х видов удобрений 
	Карта-задание подготавливается на основе почвенного анализа и разбивки поля на участки на обычном ПК в обычном текстовом редакторе или в программе Google Планета Земля.

	Дифференцированный высев семян и внесение 2-х видов удобрений по карте-заданию в автоматическом режиме
	Только при наличии 1(2) электрических силовых приводов и электрожгутов управления.

	Автоматическое регулирование расхода семян и 2-х видов удобрений по скорости движения для выдерживания установленной нормы
	Только при наличии 1(2) электрических силовых приводов и электрожгутов управления.



















Таблица Г. 27 - Расчет величины экономии затрат от внедрения системы параллельного вождения на тракторе «Кировец» К-744

	Показатель
	Значение
	Ед. изм
	Источник

	Количество нормо-смен трактора К-744 на 1 тыс. га за сезон при выращивании пшеницы
	36,17
	смены
	Техкарта полигона пшеницы НПЦ ЗХ им. А.Бараева

	Средневзвешенная, стоимость работы машиниста К-744 за 1 нормо-смену
	10 004,6
	тенге/
смену
	Техкарта полигона пшеницы НПЦ ЗХ им. А.Бараева

	Увеличение производительность агрегата на посеве при внедрении системы параллельного вождения , %
	3%
	
	Протокола испытаний КФ НПЦ агроинженерии

	Процент экономии затрат труда из-за внедрения системы параллельного вождения, %
	2,91%
	
	1-(1/(1+стр.3))

	Экономия затрат на труд машинистов К-774 при внедрении системы параллельного вождения за 1 нормосмену
	291,40
	тенге/
смену
	стр.2*стр.5

	Средневзвешенный расход топлива на 1 нормо-смену
	55 264,01
	тенге/
смену
	Техкарта полигона пшеницы НПЦ ЗХ им. А.Бараева

	Снижение удельного расхода топлива из-за внедрения системы параллельного вождения, по данным КФ НПЦ Агроинженерии, %
	1,20%
	
	Протокола испытаний КФ НПЦ агроинженерии

	Экономия затрат ГСМ при внедрении системы параллельного вождения на тракторе К-744 за 1 нормосмену
	663,17
	тенге/
смену
	стр.6*стр.7

	Рабочая ширина захвата (Посевной агрегат с системой параллельного вождения)
	9,62
	м
	Протокола испытаний КФ НПЦ агроинженерии

	Рабочая ширина захвата (Посевной агрегат без системы)
	9,5
	м
	Протокола испытаний КФ НПЦ агроинженерии

	Процент снижения перекрытий по сравнению с базовой версией агрегата без системы параллельного вождения
	1,3%
	
	стр.9/стр.10-1

	Норматив внесения семян
	1,30
	ц/га
	Техкарта полигона пшеницы НПЦ ЗХ им. А.Бараева

	Экономия семян из-за снижения перекрытий
	0,016
	ц/га
	стр.11*стр.12

	Норма выработки за смену с системой параллельного вождения (посев)
	31,399
	га/нормо-смену
	Техкарта полигона пшеницы НПЦ ЗХ им. А.Бараева

	Экономия семян за нормо-смену
	0,052
	т/нормо-смену
	стр.13*стр.14/10

	Стоимость 1 тонны семян
	73 000,0
	тенге
	Техкарта полигона пшеницы НПЦ ЗХ им. А.Бараева

	Экономия затрат на семена при внедрении системы параллельного вождения на тракторе К-744 за 1 нормосмену
	3 764,0
	тенге/
смену
	стр.15*стр.16

	Суммарная экономия от внедрения системы параллельного вождения на тракторе К-744 за 1 нормо-смену
	4 718,54
	тенге/
смену
	стр.5+стр.8+стр.17

	Нагрузка агрегата на 1000 га пшеницы
	36,2
	нормо-смены
	Техкарта полигона пшеницы НПЦ ЗХ им. А.Бараева

	Суммарная экономия от внедрения системы параллельного вождения на тракторе К-744 на 1 га
	170,7
	тенге/га
	стр.18*стр.19/1000

	Программируемая урожайность
	2,5
	т/га
	Техкарта полигона пшеницы НПЦ ЗХ им. А.Бараева

	Суммарная экономия от внедрения системы параллельного вождения на тракторе К-744 на 1 т продукции
	68,3
	тенге/
тонну
	стр.20/стр.21





Таблица Г. 28 - Расчет величины экономии затрат от внедрения системы автоматического вождения на тракторе Buhler Versatile 485

	Показатель
	Значение
	Ед. изм
	Источник

	Количество нормо-смен трактора Buhler Versatile 485 на 1 тыс. га за сезон при выращивании пшеницы
	33,14
	смены
	Техкарта полигона пшеницы НПЦ ЗХ им. А.Бараева

	Средневзвешенная, стоимость работы машиниста Buhler Versatile 485 за 1 нормо-смену
	11 494,8
	тенге/смену
	Техкарта полигона пшеницы НПЦ ЗХ им. А.Бараева

	Увеличение производительность агрегата на посеве при внедрении системы автоматического вождения , %
	7%
	
	Протокола испытаний КФ НПЦ агроинженерии

	Процент экономии затрат труда из-за внедрения системы автоматического вождения, %
	6,19%
	
	1-(1/(1+стр.3))

	Экономия затрат на труд машинистов Buhler Versatile 485 при внедрении системы автоматического вождения за 1 нормосмену
	711,69
	тенге/смену
	стр.2*стр.5

	Средневзвешенный расход топлива на 1 нормо-смену
	68 504,30
	тенге/смену
	Техкарта полигона пшеницы НПЦ ЗХ им. А.Бараева

	Снижение удельного расхода топлива из-за внедрения системы автоматического вождения, по данным КФ НПЦ Агроинженерии, %
	6,90%
	
	Протокола испытаний КФ НПЦ агроинженерии

	Экономия затрат ГСМ при внедрении системы автоматического вождения на тракторе Buhler Versatile 485 за 1 нормосмену
	4 726,80
	тенге/смену
	стр.6*стр.7

	Рабочая ширина захвата (Посевной агрегат с системой автоматического вождения)
	12
	м
	Протокола испытаний КФ НПЦ агроинженерии

	Рабочая ширина захвата (Посевной агрегат без системы)
	11,4
	м
	Протокола испытаний КФ НПЦ агроинженерии

	Процент снижения перекрытий по сравнению с базовой версией агрегата без системы автоматического вождения
	5,3%
	
	стр.9/стр.10-1

	Норматив внесения семян
	1,30
	ц/га
	Техкарта полигона пшеницы НПЦ ЗХ им. А.Бараева

	Экономия семян из-за снижения перекрытий
	0,068
	ц/га
	стр.11*стр.12

	Норма выработки за смену с системой автоматического вождения (посев)
	52,021
	га/нормо-смену
	Техкарта полигона пшеницы НПЦ ЗХ им. А.Бараева

	Экономия семян за нормо-смену
	0,356
	т/нормо-смену
	стр.13*стр.14/10

	Стоимость 1 тонны семян
	73 000,0
	тенге
	Техкарта полигона пшеницы НПЦ ЗХ им. А.Бараева

	Экономия затрат на семена при внедрении системы автоматического вождения на тракторе Buhler Versatile 485 за 1 нормосмену
	25 983,0
	тенге/смену
	стр.15*стр.16

	Суммарная экономия от внедрения системы автоматического вождения на тракторе Buhler Versatile 485 за 1 нормо-смену
	31 421,5
	тенге/смену
	стр.5+стр.8+стр.17

	Нагрузка агрегата на 1000 га пшеницы
	33,1
	нормо-смены
	Техкарта полигона пшеницы НПЦ ЗХ им. А.Бараева

	Суммарная экономия от внедрения системы автоматического вождения на тракторе Buhler Versatile 485 на 1 га
	1 041,4
	тенге/га
	стр.18*стр.19/1000

	Программируемая урожайность
	2,5
	т/га
	Техкарта полигона пшеницы НПЦ ЗХ им. А.Бараева

	Суммарная экономия от внедрения системы автоматического вождения на тракторе Buhler Versatile 485 на 1 т продукции
	416,6
	тенге/тонну
	стр.20/стр.21
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Таблица Г.29 - Функциональные возможности различных информационных систем для ведения «Умное сельское хозяйство» 

	Модули
	Agrostream
	AgroNetworkTechnologies
	Cropio

	Электронная карта полей
	Модуль «AgroMap», включает в себя паспорт поля, в котором отражена полная информация о каждом поле, текущая ситуация история, севооборот, засоренность, АХО. Позволяет осуществлять загрузку снимков с летательных аппаратов
	Модуль «Мои поля» позволяет визуализировать контуры полей с привязкой к местности на карте, а также отображать информацию о производственных участках в виде таблицы. Позволяет осуществлять импорт и экспорт карты полей в форматах .KML и .SHP, а также создавать и корректировать её с использованием результатов спутниковой съемки и съемки с беспилотных летательных аппаратов
	Модуль «Агро» позволяет формировать карты полей при помощи спутниковых снимков. Используются спутники таких систем как MODIS, Landsat, Sentinel-2, Iconos и GeoEye. Система использует снимки вегетации с разрешением 10, 15, 30 и 250 метров на пиксель.

	Мониторинг полей
	Модуль «AgroFact» Реализована возможность Управление Картами полей (слои Карта посева, Карта работ, визуализация нарушений по треку, корректировка границ посева, отображение легенд и информационного табло по полю, технике и водителю, измерение расстояния и площади, печать) Сравнение карты выполнения основных мероприятий за сезон по одному полю
	Для мониторинга полей в ANT реализовано несколько приложений: «Снимки» предназначено для выявления зон неоднородности по снимкам NDVI, приложение «БПЛА» позволяет загружать в систему снимки с беспилотных летательных аппаратов
	В Cropio реализован модуль «мониторинг состояния посевов» для обмера полей используются БПЛА

	

Продолжение таблицы Г.29

	Модули
	Agrostream
	AgroNetworkTechnologies
	Cropio

	Протоколирование технологических операций
	«Агроблокнот» позволяет вести журнал событий, делать заметки, а также вести фоторезультаты объезда и осмотра полей
	Приложение «Агроблокнот» предназначено для протоколирования технологических операций и их параметров в рамках мероприятий: фактически выполненных, находящихся в работе, а также запланированных.
Позволяет отслеживать полноту и правильность выполнения работ на производственных участках, выявлять различия в плановых и фактических затратах материально-технических ресурсов и на основании этих данных строить отчетность.
	Модуль «Агро» позволяет вести автодокументирование прогнозирование и планирование сельскохозяйственных операций.

	Скаутинг
	Функция скаутинг реализована через мобильное приложение, с возможностью просмотра исторических данных поля, с шаблонами отчетов осмотра и методологии проведения замеров. Также реализована функция подтверждения геолокации в момент обследования, прикрепление фотографий.
	Функция скаутинга реализована через использование специального мобильного приложения, интегрированного с сервисом, при помощи которого агроном делает фотографии состояния полей с привязкой к местоположению и фиксирует свои наблюдения
	Функция скаутинга реализована через использование специального мобильного приложения

	
Продолжение таблицы Г. 29

	Модули
	Agrostream
	AgroNetworkTechnologies
	Cropio

	Телематика
	Реализована интеграция с системой мониторинга техники, визуальное отображение месторасположения техники в определенный момент времени
	Имеются 2 модуля, это «Routes» и «Флит», в которых реализована возможность построения маршрутов техники, и система контроля техники при помощи спутниковых технологий, что позволяет обеспечить точное проведение всех сельскохозяйственных работ повысить уровень показателей эффективности производства, оптимизировать расходы за счет контроля использования топлива и всех важных этапов работы в режиме реального времени
	Модуль «Телематика» позволяет отслеживать почасовую и ежедневную работу, производительность и передвижение техники. Система может отправлять автоматические оповещения в таких ситуациях, как работа без плана, отсутствие сигнала и другие.

	Цена
	200 тг/га в год
	300 тг/га в год
	1 $/га в год
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Appendix № 2
to the Agreement No. ___ dated ________ 2018


Work schedule 
LLP "A.I. Barayev Research and Production Centre of Grain Farming" 
on budget program 267 “Enhancing the accessibility of knowledge and research” subprogram 101 “Program-targeted financing of research and activities” on the specifics 156 “Payment of consulting services and research” for 2018-2020

	№
п/п
	Designation of the works 
	Date of performance, year
	Expected results 
	The sum,
tenge

	1
	To develop a system of precision farming of crop cultivation using elements of cultivation technology, differential nutrition, plant protection products and equipment for profitable production using information technology tools based on a comparative study of various cultivation technologies in the north of Kazakhstan.

	2018-2020 
	Analysis and synthesis of the material on the variability of soil fertility using ground survey and remote sensing. Variability maps of soil fertility (nitrogen, phosphorus, humus, trace elements) of individual fields in the experimental plots. The basic conditions for the differentiation of agrotechnological elements of the cultivation of agricultural crops have been developed. A draft of guidelines for conducting a soil survey of the field for implementing precision farming for the conditions of Akmola, Kostanay, Pavlodar and North Kazakhstan regions has been prepared.
Continuation of multifactor field and production experiments with variants of differentiation of technological elements of crop cultivation on ordinary and southern black earth soils of Northern Kazakhstan: tillage, application of fertilizers, pesticides, sowing of seeds, timing of events. Analysis and synthesis of data on the differentiation of technological elements of cultivating agricultural crops in the regions of Northern Kazakhstan. Preparation of 5 practical on differentiation technological elements in the system of precision agriculture, when cultivating crops. The development of a scheme for a universal navigation system for managing and controlling the differentiation of depositing chemicals and seeding means and software for generating electronic maps of introduction. Creating an experimental model of a universal system of management and control of the differentiation of introducing chemicals and seeding. Conducting laboratory and field studies to clarify the main parameters of the experimental sample. 1 recommendations and 1 patent application were prepared.
Conducting field experiments in various technological systems of cultivation with the differentiated use of fertilizers, plant protection products in various soil-climatic zones of Northern Kazakhstan. Analysis and synthesis:
- observation results of phenology and physiology of plants depending on soil conditions and differentiated agro-technological methods of cultivation;
- results of monitoring the state of crops of ground-based aviation and satellite sensing of the earth;
- The results of using functional diagnostics systems to control the production process and increase the productivity of agricultural crops.
4 practical recommendations for Akmola, Kostanay, Pavlodar, North Kazakhstan regions will be prepared. Research, collection, compilation and analysis of data on the use of precision farming tools (parallel driving system, machinery monitoring system, crop yield monitoring system), data of multifactor field and production experiments on the comparative effectiveness of traditional and differentiated technological elements of precision farming in the cultivation of agricultural crops in the conditions of Akmola, Kostanay, Pavlodar, North Kazakhstan regions. Evaluating the economic efficiency of using elements of precision farming in the cultivation of various crops varieties. Preparation of 3 recommendations on the effective use of elements of precision farming in the conditions of Akmola, Kostanay, Pavlodar, North Kazakhstan regions. Data collection, development of an algorithm for evaluating the economic efficiency of GIS technologies. The calculation of the economic efficiency of GIS technologies will be carried out on the example of a single integrated information system.
Recommendations will be made on the choice of economically beneficial integrated solutions on the basis of the calculations made, for the implementation of information systems in agriculture. 1 practical recommendation was prepared.
	210 000 000

	2
	To develop a system of precision farming of crop cultivation using elements of cultivation technology, differential nutrition, plant protection products and equipment for profitable production using information technology tools based on a comparative study of various cultivation technologies in the north of Kazakhstan.

	2018
	Selection of soil plots and test sites on typical soils of Akmola (1800 hectares), Kostanay (100 hectares), Pavlodar (600 hectares), North Kazakhstan (500 hectares) regions. Determination of soil fertility variability using ground survey and remote sensing. The selection of soil samples from 5 hectare working areas - 532 samples. Electronic maps of experimental sites. Maps of the variability of soil fertility (nitrogen, phosphorus, humus, trace elements) of individual fields in the experimental plots. Defining the conditions for differentiation of agrotechnological elements of crop cultivation. The accumulation of data to improve the methods of agrochemical survey for precision farming. Selection of plots and establishing multifactor field and industrial experiments with options for differentiating the technological elements of growing crops on ordinary and southern chernozem soils of Northern Kazakhstan: tillage, fertilizer, pesticides, seeding, dates of events. 
Data on the relationship of crop productivity and regional agroclimatic indicators. Agroclimatic data of the study period and their relationship with crop productivity. Conducting the economic evaluation of the effectiveness of the differentiation of technological elements of cultivation. Analysis of the date variability of agrochemical and agrophysical parameters of soil fertility within a specific field and the rationale for the need to differentiate the introduction of means of chemicalization and seed material.
Developing a mathematical model of optimization of seeding rates and doses for the differentiated application of fertilizers, taking into account the potential fertility and uneven distribution of nutrients in the soil. Plots selection and establishing field experiments in the No-Till, minimum and traditional tillage systems in the system of crop rotation with differentiated use of mineral fertilizers, plant protection products in various soil-climatic zones of northern Kazakhstan. The observation results of the phenology and physiology of plants depending on soil conditions and differentiated agrotechnological methods of cultivation.
Monitoring data on the state of crops of ground-based (functional analysis), aviation and satellite (vegetation indices) sensing of the earth. The results of the use of functional diagnostics systems to control the production process and increase the productivity of agricultural crops.
Agroclimatic and meteorological data of the study period and their impact on crops. Multispectral images (vegetation indices) for assessing the state of crops and the productivity of agricultural crops. Research, collection, compilation and analysis of data on using precision farming tools (parallel driving system, machinery monitoring system, yield monitoring system), data from multifactor field and production experiments on the comparative effectiveness of traditional and differentiated technological elements of precision farming conditions of Akmola, Kostanay, Pavlodar and North Kazakhstan regions. Data collection, development of an algorithm for assessing the economic efficiency of information technology accounting, rationing and planning. The calculation of the economic efficiency of information technology accounting, regulation and planning will be carried out.
	70000000

	3
	To develop a system of precision farming of crop cultivation using elements of cultivation technology, differential nutrition, plant protection products and equipment for profitable production using information technology tools based on a comparative study of various cultivation technologies in the north of Kazakhstan.

	2019
	Defining soil fertility variability using ground survey and remote sensing. The selection of soil samples from 5 hectare working areas - 532 samples. Refinement of electronic maps of experimental plots. Variability maps of soil fertility (nitrogen, phosphorus, humus, trace elements) of individual fields in the experimental plots. Clarifying the conditions for differentiation of agrotechnological elements of cultivation of agricultural crops. Accumulating data to improve the methodology of agrochemical survey for precision farming.
Continuing multifactor field and production experiments with variants of differentiation of technological elements of cultivating crops on ordinary and southern black earth soils of Northern Kazakhstan: tillage, introducing fertilizers, pesticides, seeding, timing of events. Data on the relationship of crop productivity and regional agroclimatic indicators. The economic evaluation of the effectiveness of the differentiation of technological elements of cultivating crops. Production check of the differentiated technological elements in basic farms. Developing mathematical model of optimization of seeding rates and doses for the differentiated application of fertilizers, taking into account the potential fertility and uneven distribution of nutrients in the soil. Developing a scheme for a universal navigation system for managing and controlling the differentiation of depositing chemicals and seeding means and software for generating electronic maps. The continuation of field experiments in various technological systems of cultivation with the differentiated use of fertilizers, plant protection products in various soil-climatic zones of Northern Kazakhstan. The observation results of the phenology and physiology of plants depending on soil conditions and differentiated agrotechnological methods of cultivation. Monitoring data on the state of crops of ground-based (functional analysis), aviation and satellite (vegetation indices) sensing of the earth. The results of using functional diagnostics systems to control the production process and increase the productivity of agricultural crops. Agroclimatic and meteorological data from the study period and their impact on crops. Multispectral images (vegetation indices) for assessing the state of crops and productivity of agricultural crops. Research, collection, compilation and analysis of data on using precision farming tools (parallel driving system, machinery monitoring system, crop yield monitoring system), data from multifactor field and production experiments on the comparative effectiveness of traditional and differentiated technological elements of precision farming Akmola, Kostanay, Pavlodar and North Kazakhstan regions. Data collection, development of an algorithm for assessing the economic efficiency of navigation systems. The calculation of the economic efficiency of navigation systems will be carried out, including the calculation of reducing production costs due to the introduction of parallel driving systems, as well as the system for monitoring agricultural work and fuel consumption.
	70000000

	4
	To develop a system of precision farming of crop cultivation using elements of cultivation technology, differential nutrition, plant protection products and equipment for profitable production using information technology tools based on a comparative study of various cultivation technologies in the north of Kazakhstan.

	2020 
	Analysis and synthesis of the material on the variability of soil fertility using ground survey and remote sensing. Variability maps of soil fertility (nitrogen, phosphorus, humus, trace elements) of individual fields in the experimental plots. The basic conditions for the differentiation of agrotechnological elements of cultivating agricultural crops have been developed. A draft of guidelines has been prepared for conducting a soil survey of the field for implementing precision farming for the conditions of Akmola, Kostanay, Pavlodar North Kazakhstan regions.
Continuing multifactor field and production experiments with variants of differentiation of technological elements of cultivating crops on ordinary and southern black earth soils of Northern Kazakhstan: soil treatment, application of fertilizers, pesticides, sowing of seeds, timing of events. Analysis and synthesis of data on the differentiation of technological elements of cultivating agricultural crops in the regions of Northern Kazakhstan. Preparing 5 practical on differentiation of technological elements in the system of precision agriculture, in the cultivation of crops. Developing a scheme for a universal navigation system for managing and controlling the differentiation of applying chemicals and seeding means and software for generating electronic maps. Production of an experimental model of a universal system of managing and controlling the differentiation of the introduction of chemicals and seeding. Conducting laboratory and field studies to clarify the main parameters of the experimental sample. 1 recommendation and 1 patent application were prepared.
Conducting field experiments in various technological systems of cultivation with the differentiated use of fertilizers, plant protection products in various soil-climatic zones of Northern Kazakhstan. Analysis and synthesis:
- observation results of phenology and physiology of plants depending on soil conditions and differentiated agro-technological methods of cultivation;
- results of monitoring the state of crops of ground-based aviation and satellite sensing of the earth;
- The results of using functional diagnostics systems to control the production process and increase the productivity of agricultural crops.
4 practical recommendations for Akmola, Kostanay, Pavlodar, North Kazakhstan regions will be prepared. Research, collection, compilation and analysis of data on using precision farming tools (parallel driving system, machinery monitoring system, crop yield monitoring system), data of multifactor field and production experiments on the comparative effectiveness of traditional and differentiated technological elements of precision farming in the cultivation of agricultural crops in the conditions of Akmola, Kostanay, Pavlodar and North Kazakhstan regions. Evaluating the economic efficiency of using elements of precision farming in the cultivation of various crops’ varieties. Preparation of 3 recommendations on the effective use of precision farming elements in the conditions of Akmola, Kostanay, Pavlodar, North Kazakhstan regions. Data collection, development of an algorithm for evaluating the economic efficiency of GIS technologies. The calculation of the economic efficiency of GIS technologies will be carried out on the example of a single integrated information system. Recommendations will be made on the choice of economically beneficial integrated solutions for the implementation of information systems in agriculture on the basis of the calculations made. 1 practical recommendation was made.
	70000000



Director of strategic planning and analysis department                                                                     S. Moldabayeva


Holding an interim appointment of General Director at LLP
“A.I. Barayev Research and production center of grain farming”                                                    K. Abdullayev 
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