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SUMMARY
Report 549 p., 63 references, 17 appendixes.
PRECISION AGRICULTURE, AGRICULTURAL CROPS, TECHNOLOGICAL AND ELECTRONIC FIELD MAPS, ECONOMIC MODELS, INFORMATIZATION, MACHINE AND TRACTOR PARK
	Research, development or design object: material and technical base and economic activity; production and experimental crops; informatization and optimization programs of business decisions.
	Objective:to introduce a precision farming system into agricultural production in the North Kazakhstan region.
	Research methods: information analysis was carried out on the Axure and Balzamiq platforms, digitization of pilot sites - on Sentinel-2, Landsat 8, MODIS images; sowing, counting, harvesting and monitoring the number of pests, weeds, the development of diseases were determined according to generally accepted methods.
Obtainedresults and novelty: the effect of various doses of mineral fertilizers and growth stimulants on the productivity of wheat, barley, triticale, soybeans and corn varieties has been established; automatic download of satellite images was developed; a package of applied programs for informatization, digitalization and optimization of business decisions was developed; an experimental model of a wide-cut, pneumatic seeder and an experimental model of a chisel-fertilizer were made. 
Main design and technical and economic indicators: a comprehensive electronic map was created for the management and planning of agricultural production, its inventory and yield accounting; it was found that the productivity of grain crops, soybeans and corn depends on the application of doses of mineral fertilizers and growth stimulants; 
Implementationlevel: the planned developments within the framework of this program have been introduced into the agricultural production of «North-Kazakhstan Agricultural Experimental Station» LLP.
Efficiency: by increasing yields and reducing labor costs, labor productivity can increase by 2.0-2.5 times. As a result of the introduction of precision farming, the productivity of spring wheat on average for steam and non-steam predecessors was 30.8 c/ha.
Application area:agricultural enterprises of the North Kazakhstan region.
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DEFINITIONS, DESIGNATIONS AND ABBREVIATIONS
In the current report, the following terms and definitions are used:
- GPS – global positioning system 
- «off line» - mode of using programmed control in precision farming
- «оn line» - mode of using software control, in which the controlled value (for example, nitrogen content in plants) is measured directly during the movement of the machine across the field
- NDVI - vegetation index (Normalized Difference Vegetation Index)
- AIC – agro-industrial complex
- GIS – geographic information systems
- RSM - remote sensing methods
- ERSD - Earth remote sensing data
- RPH – really possible harvest
- Measurement of fields - satellite navigation technologies that allow to build and correct accurate maps of fields, determine their physical boundaries, plot and area of the processed part of the field according to GPS data with an error of no more than 0.5%
- ProgCr – programmable crop
- PF – precision farming
- PAR – photosynthetic active radiation
- Electronic field map - the basis for working on precision farming technologies
- Electronic space map of fields - an electronic map of fields that uses the display of all field data against the background of a satellite image of the Earth's surface

INTRODUCTION
Currently, one of the most effective methods for solving the problems of agricultural production development and its harmonization with other areas of the natural resource complex is the use of precision agricultural technologies, the so-called precision farming (PF), as an integrated means of managing natural-man-made systems. As the experience of countries with developed agricultural production, such as the USA, Canada, Australia, shows, precision farming has radically changed the agricultural industry, these countries have gone through a kind of «technological revolution».
At the current time, in the North Kazakhstan region annually produced up to 30% of the republican gross harvest of high quality grain, which is about 5,5 million tons. The region's agricultural production employs 40% of the economically active part of the population. Annually, spring sowing in the region is carried out on an area of more than 4,15 million hectares, including grain and leguminous crops are placed on an area of 2 663,0 thousand hectares, the total area of oilseeds was 1009.1 thousand hectares, forage crops occupied 421,0 thousand hectares. With such arable land areas and agricultural production volumes, the number of farms using digital innovation systems in production is extremely limited. In this regard, the creation of a demonstration ground for the adaptation of an integrated system of precision farming in the conditions of ordinary chernozems on the basis of LLP «North Kazakhstan Agricultural Experimental Station» is the starting point for the massive introduction of digital systems in the agricultural production of the region.
At the present stage, the agro-industrial complex of the North Kazakhstan region is tasked with producing agricultural products with an emphasis on quality and environmental friendliness. It should be noted that the use in agriculture of digital and innovative technologies for forecasting, monitoring, intelligent systems for the introduction of mineral fertilizers and plant protection products should be the main tools of transformation, which will allow the agro-industrial complex of the North Kazakhstan region to a qualitatively new level of development.
Purpose of the program – to introduce a precision farming system into agricultural production in the North Kazakhstan region, which makes it possible to increase the competitiveness of production in the crop sector of the agro-industrial complex in the region.
Program objectives:
-  creation of pilot demonstration sites for precision farming in the north of Kazakhstan: North Kazakhstan region;
- transfer and adaptation of modern technologies that allow to achieve yield: spring wheat - 30 c/ha, with an increase in labor productivity by 2.0-2.5 times on an area of at least 10,000 hectares;
- to introduce modern systems for the management of equipment and analysis of the economic activities of enterprises;
-  to develop economic models for the introduction of precise technologies for different types of farms in the North Kazakhstan region, indicating the costs of using the developed technologies per 1 hectare, an analysis of the cost recovery due to an increase in productivity, indicating the payback period;
- to develop technological maps for the cultivation of agricultural crops, taking into account the elements of precision farming; 
- to develop guidelines for large-scale replication and adaptation of the technology of spot farming, taking into account the soil and climatic conditions of cultivation. To develop a scientifically grounded approach to maintaining elements of precision farming in production conditions using modern analytical and agronomic equipment for precision farming conditions;
- develop an agricultural production system aimed at optimizing long-term, farm-wide productivity, with a minimum negative impact on the environment;
-to develop technological methods for targeted differentiated processing of individual parts of the field, taking into account small-scale features of natural conditions. To develop agrotechnical parameters of crop production, including the implementation of technological operations in accordance with the electronic map of fields and specifications of the region;
-to develop and implement a package of applied programs for informatization, digitalization and optimization of economic decisions, as well as automation - decision-making without human participation in crop production based on a transfer and adaptation of advanced and foreign experience in the conditions of Northern Kazakhstan; to develop an experimental model of a wide-cut, pneumatic seeder for sowing grain crops with automated control of the technological process; to develop an experimental model of a chisel-fertilizer for intra-soil differentiated application of the main doses of mineral fertilizers in a precision farming system.
In 2018-2019 interim reports for the program were submitted with inventory numbers 0218Р01421 for 2018,  №0219РК01035 for 2019. Research work for the period 2018-2020 the year was held according to the approved calendar plan (Appendix P)

MAIN PART
1  Climate of North Kazakhstan
	The climate of Northern Kazakhstan is arid, sharply continental. It is characterized by a small amount of atmospheric precipitation [1,2]. Annual precipitation is 200-300 mm. A stable snow cover usually sets in early November and melts only in mid-April [3-5]. Spring is short with a rapid increase in average daily temperatures [6]. Summer is long and hot. The maximum precipitation occurs in the month of July [7-9]. Describing the climate of Northern Kazakhstan, academician V.P. Kuzmin [9] wrote: “Climate elements of the western regions of the country (dry midsummer), the polar regions (a very short and cold growing season), or the desert south (dry sultry weather from spring to autumn) suddenly appear here. Northern Kazakhstan is mainly characterized by ordinary and southern chernozems, loamy and medium-loamy in texture [10].
1.1 Characteristic of weather conditions (North-Kazakhstan region, LLP "North-Kazakhstan agricultural experimental station", 2018-2020)
Characteristics of climatic conditions in 2018: The amount of precipitation during the growing season of plants (May-August) was 342,7 mm (165% of the norm). At the same time, intense precipitation fell on the critical phases of the development of grain crops, however, the temperature regime and heat gain was marked by a noticeable lag, which delayed the sowing, development and maturation of agricultural crops. 
Characteristics of climatic conditions in 2019: The amount of precipitation for the entire growing season of plants (May-August) was 132,3 mm with an average annual rate of 196,5 mm. In May, precipitation was 44.8 mm with an average annual rate of 27,4 mm, in June 48,1 mm with an average annual rate of 42.9 mm, in July 59.3 mm with an average annual rate of 60,6 mm, in August 39,4 mm with an average annual rate of 45,6 mm. The average daily air temperature in May was 1,5°С lower than the average long-term norm, in June it was higher by 1,6°С, in July and August it was 0,7°С higher. 
Characteristics of climatic conditions in 2020: Over the entire growing season of plants (May-August), 161,2 mm of precipitation fell, with an average annual rate of 193,0 mm. In May, precipitation fell 28,1 mm with an average annual rate of 28,0 mm, in June 35,9 mm with an average annual rate of 44,0 mm, in July 75,6 mm with an average annual rate of 71,0 mm, in August 21,6 mm with an average annual rate of 50.0 mm. The average daily air temperature in May was 5.2 ° C higher than the average annual norm, in June it was 2,1°C lower, in July it was 1,4°C higher, and in August it was 2,6°C higher.
2. Research objects and methods 
In the reporting year, the demonstration sites were represented by the following agricultural crops: spring soft wheat, spring barley, soybeans, corn, spring triticale. Demonstration sites were laid in accordance with the requirements of the methodology of state variety testing of agricultural crops [11, 12]. Presowing soil cultivation was carried out with “KS-42” cultivator, followed by rolling with a ZKKSh-6 unit. Sowing of grain crops and soybeans was carried out with “Amazon DMS-3000” seeder, maize with “Chervona Zirka” seeder. The fields were treated against weeds with“John Deere” sprayer. Harvesting at the demonstration sites was carried out with “Sampo” combine. The collection and processing of spatial data on the areas of industrial crops, the digitization of pilot sites was carried out on the basis of Sentinel-2, Landsat 8, MODIS images [13-18]. The collection of incoming information from various sectors of agriculture (unified database) was stored on the service according to the guidelines [19-21]. The analysis of the incoming information was carried out on such platforms as Axure, Balzamiq, etc. [22-27]. The unified database was developed by directions in separate directories within the framework of SQL Server and PostgreSQL programs. Soil samples for agrochemical survey were taken with an automatic sampler. At the same time, using special programs, the demonstration sites were divided into elementary plots with an area of 1 hectare. Samples taken along the diagonal were mixed with each other in order to obtain a single sample from each elementary soil plot [28-29]. When monitoring the number of pests, weeds, the development of diseases, the generally accepted methods were used [30-32]. In the field of agricultural mechanization, specially developed techniques were used: STRK-352-2004 “Grain seeders and seeding complexes. Certification procedure "; GOST 15.001-88 “System of product development and launching into production. Products for industrial and technical purposes "; GOST 15.309-98 “System for the development and launching of products. Testing and acceptance of manufactured products. Basic provisions ". Research in the field of economics was carried out according to the methodology - system analysis [33-36]. The mathematical processing of the primary data was carried out according to the "Methodology of field experiment" according to Dospekhov [37].
3 Creation of pilot demonstration sites for precision farming in the North of Kazakhstan: North Kazakhstan region
The solution to the problems of introducing methods for the purposeful management of soil fertility and plant productivity of agricultural crops into the agricultural practice of the North Kazakhstan region was carried out on the basis of demonstration sites (LLP «North-Kazakhstan agricultural experimental station», 2018-2020):
- in 2018, based on an analysis of the technologies for cultivating agricultural crops, the use of fertilizers, and an assessment of methods for determining the doses of mineral fertilizers, a place was determined for the breakdown of demonstration sites. A schematic map has been developed for laying out demonstration sites: spring wheat, spring barley, corn, soybeans;
 - In the spring of 2019, soil samples were taken at demonstration sites with registration of coordinates. The phosphorus content was determined, taking into account which, the dose of the optimal background was determined, calculated for the desired wheat productivity of at least 30 c / ha. The calculations were based on the quantitative dependence of the productivity of agricultural plants on the initial content of nutrients in the soil, previously established by the method of correlation analysis. To calculate the dose of nitrogen fertilizers in the studies conducted, scientific and methodological developments in the field of soil fertility management were used - the optimization formula Chernenok V.G. [38-42]. The calculation of the nitrogen dose according to this formula assumes the optimal phosphorus content in the soil for a specific agricultural crop. According to this formula, when determining the content of phosphorus and nitrogen, it seems possible to adjust for their optimal ratio, taking into account the moisture content in the soil. This eliminates the excessive consumption of fertilizers by 15 kg of diesel fuel, which thereby reduces economic costs to 3000 tenge per hectare.	
	In 2019, agrochemical monitoring was carried out on the production crops of “North-Kazakhstan Agricultural Experimental Station” LLP, the results of which are presented in Table A.1 (Appendix A). According to the experimental data presented in this table, the phosphorus content in the control variant of the experiment was low - 19-20 mg per kg of soil (the optimal soil phosphorus content for wheat and barley is 35.0 mg/kg of soil). The content of nitrate nitrogen in the 0-40 cm layer was high - 23-24 mg/kg of soil, which is more completely acceptable for the steam precursor (Table A.2, Appendix A). According to the data presented in Table A.3 (Appendix A), with an increase in the phosphorus content in the soil against a background close to optimal - 33.8 mg/kg (opt. 35.0 mg/kg), the productivity of spring wheat increased to 38.0 c/ha, which is 13.0 c/ha higher than control. Spring barley in the conducted experiment gave against the background of 35.9 mg/kg of soil - 55.0 c/ha. The complete results of accounting for the yield of spring wheat and spring barley on various backgrounds in the context of repetitions are shown in Table A.4 (Appendix A).According to the experimental material presented in these tables, in spring wheat and spring barley there is a clear relationship between productivity and the content of mobile phosphorus in the soil. An increase in productivity in these crops is determined, first of all, by a higher productive bushiness, grain size of a spike and a weight of 1000 seeds (Table A.5, A.6, Appendix A). The influence of the conditions of mineral nutrition on the grain quality of spring wheat is presented in Table A.7 (Appendix A). The table shows that the wheat had a good nature in the range of 776-780 g/l, the protein content was in the range of 14.2-15.5%, which corresponds to the world standard. The gluten content increased from 4 (fourth) to 1 (first) class (20.2-31.8%). With a low phosphorus content, the gluten content was very low despite a good nitrogen supply. The calculation of economic efficiency showed that the highest net income and cost recovery were obtained for the options of the experiment with the optimal content of P2O5 (Table A.8, Appendix A).The calculation of economic efficiency was carried out according to the method of Menshikov N.F. [43], taking into account the duration of the aftereffect of the corresponding norms of fertilizers according to the method of Chernenok V.G. [41]. The data presented in Table A.8 (Appendix A) indicate that even if all costs are attributed to one year, they fully paid off. At the same time, considering the duration of the aftereffect, the net income for the backgrounds amounted to 64442 tenge, 733372 tenge and 106,390 tenge on the optimal background, and the payback of 1 tenge of costs, respectively, was 13.7; 15.8; 18.0 tenge (Table A.9, Appendix A). High economic indicators of the optimal background were also observed on spring barley (Table A.10, Appendix A). In 2020, at the demonstration sites for all backgrounds, soil samples were taken with their subsequent analysis for the content of mobile phosphorus in the soil. The analysis results are presented in table A.11 (Appendix A). In the spring of 2020, against the third background, the phosphorus content was brought to the optimal level by introducing an additional 80 kg of AI. ammophos. For the rest of the backgrounds, it was envisaged to take into account the aftereffect of fertilizers applied in 2019.Tables A.12, A.13 (Appendix A) show the results of the productivity of spring wheat and spring barley on backgrounds with various doses of mineral fertilizers. According to the experimental material presented in these tables in the climatic conditions of 2020, the yield of spring wheat according to the optimal background (background No. 3) was 34.1 c / ha, in the aftereffect of the optimal background (background No. 4) 31.1 c/ha, P60 - 24.7 centners (background No. 2), on the control - 18.4 centners. The yield of spring barley in the conditions of 2020 on the control variant of the experiment was within 24 c/ha, due to the aftereffect on the background P60 - 31.7 c/ha, according to the optimal - 38.1 c/ha. The yield increase was 14.1 c / ha according to the optimal background, and 7.8 c/ha according to the P60 background. The total increase in the yield of barley for 2 years (year of action + aftereffect) in relation to the control variant of the experiment was according to the background P60 - 16.1 c/ha. As a result, over 2 years, taking into account the aftereffect against the background of P60, wheat productivity increased by 32%, and against the background of Ropt by 65%. For spring barley, this indicator was at the level: against the background of P60 - 26%; against the background of Ropt - 50%. The calculation of the economic efficiency of applied fertilizers for 2 years (2019 - action + 2020 - aftereffect) is presented in Table A.14 (Appendix A).
	The results of the studies showed that with an increase in the phosphorus content in the soil from 18 to 33 mg/kg of soil, the yield of soybeans increased from 20.0 c/ha to 29 c/ha. At the same time, the highest soybean yield was formed against the background of the aftereffect of the optimal background and amounted to 15.2 c/ha at 34.5 mg/kg of phosphorus soil, which is 6.2 c/ha higher than the control. The rest of the backgrounds with a lower phosphorus content were inferior in productivity (Table A.15, Appendix A). The highest corn yield was formed against the background of 33.0-36.0 mg / kg of soil. In 2020, soybeans were sown for 2019 corn, and corn for soybeans, i.e. the harvest in 2020 was formed against the background of fertilizer aftereffect. The maximum yield of green mass of corn was obtained on the optimal background (third background) with a phosphorus content of 36.4 mg / kg of soil - 636.7 c / ha, the yield of green mass in the control variant of the experiment was 496.7 c / ha (Table A.16, Appendix A).
Phenological observations from the GLONASS system were carried out
Phenological observations were carried out in the production crops of the «North-Kazakhstan Agricultural Experimental Station» LLP using the GLONASS system using satellite monitoring. Based on images from the Sentinel 2 database for cultivated varieties of spring wheat on an area of 10 000 hectares, the dates of germination, mass spreading and yellowing of leaves, and the duration of the vegetation period were determined:  
- Figure A.1 (Appendix A) shows the vegetation schedule during 2018. There were already seedlings in the analyzed fields in early July 2018. On July 10, there is a high growth of vegetation, which indicates the onset of the heading phase. The decline in the index starts from the date of August 14, which indicates a gradual onset of the maturation phase;
- according to Figure A.2 (Appendix A), on June 22, 2019, the tillering phase began on almost all fields. The growth of crops in a given year developed more rapidly, and by June 30, the earing phase was already beginning in some fields. The ripening phase in 2019 began in the first decade of August;
- in Figure A.3 (Appendix A), the difference between the different planting dates of 2020 is clearly visible. According to the sowing dates, the data of 6 fields can be conditionally divided into two groups: early (first group) and late sowing (second group). Early sowing is presented in a shade of red, and late in a shade of blue. So on the second date (30.05.2020) the fields of the second group have a vegetation index less than the fields of early sowing. According to the data presented in Figure A.3 (Appendix A) on June 16, there is a significant increase in the growing season in the fields of the first group, which indicates the onset of the tillering phase, on June 24 we already see a decline in the index. This is due to the fact that precipitation fell on June 24-25, which changed the spectral reflectivity of the crops. Figure A.4 (Appendix A) shows the weather archive from Smirnovo station where it is indicated that it rained on June 24-25. In this regard, the index as of June 24, 2020 was lowered compared to June 16. According to the data of remote sensing of the earth, taking into account the above, the tillering phase for the second group of fields began in the third decade of June, according to Figure A.3 (Appendix A), and the growth of the vegetation index reaches its maximum on July 16. Also, in Figure A.5 (Appendix A),green is dominant. This suggests that the earing phase begins during this period. In Figure A.6 (Appendix A), the pixels are predominantly colored in light green and yellow, therefore, during this period, yellowing of the leaves occurred, which determines the onset of the maturation phase.
The events of the «North-Kazakhstan Agricultural Experimental Station» LLP were organized
The training and demonstration activities were carried out on the basis of the Extension system:
- in 2018, on October 29, the first seminar was held on the topic: "Application of digital technologies in crop production" with training of 18 agribusiness entities. The curriculum of the seminar included the application of GIS technologies and remote sensing of the earth in agriculture, differentiated subsurface application of mineral fertilizers in the precision farming system, the use of unmanned aerial vehicles for the tasks of the agro-industrial complex, an energy efficient long-range network in agriculture, phytosanitary monitoring of diseases , weeds and pests of agricultural crops in conditions of precision farming, as well as the processes of analysis and optimization of economic decisions in the context of informatization and digitalization of agricultural production (Figures A.7-A.9, Appendix A);
- in 2019, within the framework of this program, 3 (three) seminars were held with the involvement of 350 people. The main goal of the events held was the exchange of best practices, knowledge and results in the field of precision farming technology, such as remote sensing of the earth using satellites and unmanned aerial vehicles, accurate accounting and analysis of meteorological data using sensors and sensors, methods of fertility management soils and the creation of electronic maps of fields, phytosanitary monitoring of crops, and the creation of an economic model for managing agricultural production (Figures A.10-A.16, Appendix A);
- in 2020, 7 (seven) seminars and one Field Day were held with the participation of 288 agribusiness entities. In connection with the outbreak of the Pandemic and the introduction of quarantine, 6 (six) seminars were held online via the Internet platform «GoToMeeting». The participants of the seminars were introduced to the technologies of cultivation of grain, oilseeds and fodder crops, methods of increasing soil fertility, crop productivity, the use of GIS and remote sensing data in the precision farming system (Figures A.17, A.18 Appendix A). To summarize the results of this program, on August 10, 2020, on the basis of North-Kazakhstan Agricultural Experimental Station LLP, an online “Field Day” was held on the topic: “The results of applying precision farming technology in the North Kazakhstan region” (Figures A.19 - A.20, Appendix A).
In general, during the period of the program, 10 (ten) seminars and 2 (two) Field Days were held with the involvement of 656 participants. The main contingent of the events held were specialists and managers of LLPs, farms/peasant farms, representatives of business structures and representatives of local executive bodies of the agro-industrial complex. Seminars were held on technological issues of increasing the productivity of the main (grain, oil and forage) crops in the precision farming system using GIS and Remote Sensing (ERS) technologies (Table A.17, Appendix A).
According to agrometeorological data based on the results of remote and direct monitoring from unmanned vehicles and digital meteorological stations, a forecast for the spread and development of diseases, pests and weeds will be made, the degree of their abundance, density of settlement and intensity of development will be determined; the area of distribution of quarantine and especially dangerous pests will be determined; the dynamics of development of the main pests and diseases is determined.
Studies on the study of the distribution of weeds in industrial crops of the North-Kazakhstan Agricultural Experimental Station LLP have shown that the predominant species of weeds are - field thistle (Cirsium arvense), field sowthistle (Sónchus arvénsis), chicken millet (Echinóchloa crus-gálli), common wild oats (Avena fatua), field bindweed (Convоlvulus arvēnsis), blue lettuce (Lactúca tatárica), leafy spurge (Euphórbia virgáta),  European stickseed(Lappula  squarrosa), red-root amaranth (Amaránthus retrofléxus), Capsella (Capsélla búrsa-pastóris). It has been established that the weediness of the fields of this farm is significantly influenced by the annual replenishment of the soil with seeds and vegetative organs of perennial root-sucking weeds. The main reason is the lack of timely mechanical tillage. According to the results of washing of soil samples in industrial crops, a strong potential soil contamination with weed seeds was established. In the 0-30 cm soil layer, the weediness of crops ranged from 64 to 73 million viable seeds per hectare. When studying the distribution and development of plant diseases, it was found that 100% population of saprotrophic (fungi of the genus Alternaria, molds) and partial pathogenic microflora was observed on the seed material of grain crops (Table A.18, Figure A.23, Appendix A).Seed infection reached 8-12%, which is close to the threshold of harmfulness (10-15%). Pathogens of Fusarium and Helminthosporium Root Rot - Pathogenic Fungi - Seed infection reached 8-12%, which is close to the threshold of harmfulness (10-15%). Pathogens of Fusarium and Helminthosporium Root Rot - Pathogenic Fungi - found on wheat weeds Fusarium  graminearum, Fusarium culmorum, Bipolaris sorokiniana; on barley seeds – root rot pathogens Drechslera teres, on oats – D. avenae, Fusarium avenaceum and molds (Penicilliumspр., Aspergillusspp., Botritiscenerea, Mucorsppand etc.). Monitoring surveys of crops based on IT technologies, using unmanned aerial vehicles (UAVs) and drones, in combination with a ground route survey of problem areas have shown that aerogenic infections such as helminthosporium leaf spot, septoria blight cause significant damage to grain crops , brown leaf rust. The development of helminthosporium spots on the leaves of spring wheat, spring barley, and spring triticale for two years was observed from the tillering-tube emergence phase. Research studies for the distribution and harmfulness of plant pests have shown a high threshold for the spread of diseases.For example, on barley there was a dangerous level of infestation by net spotting - the presence of a mixed helminthosporium-alternaria infection (distribution – 52,8%, development - 15%; on wheat crops, helminthosporium spotting – 55,4 and 10,0%, respectively. In hot summer conditions In 2020, helminthosporium spots developed to a much lesser extent and appeared in the form of dark brown spots in barley crops.In grain crops, the spread of the disease reached within 16.0 ... 19,0%, development – 7,5 ... 10,0% At the same time, the development of septoria blight was moderate, a stronger spread of the disease was observed on repeated sowing of wheat on stubble backgrounds.In 2019, on wheat crops, the spread of the disease by the phase of stemming-beginning of earing reached 55%, development - 10.4%; on triticale crops - distribution - 67% and development - 25% In 2020, the first symptoms of septoria infection on wheat were found from the tube emergence phase (distribution - 43,	4%, development – 7,0%). The development of leaf rust in 2019 manifested itself on demonstration wheat crops by the filling phase (first decade of August) due to abundant precipitation and optimal temperature conditions for the development of the pathogen. The spread reached 50%, the development of the disease - 21% (Figure A.24, Table A.19, Appendix A).The study of the distribution and harmfulness of plant pests showed that an increased number of them was observed on the crops of wheat and barley, which are the second and third crops after fallow. In 2019, pests spread on the crops of grain crops: the Hessian fly, common drunken, wheat thrips, barley miner and cereal aphids. Based on the results of surveys in the stemming phase, a mass distribution of wheat thrips on wheat crops of the demonstration site was established (60% of plants with small chlorotic leaf spot, the number of adults is 9 ... 16 specimens/stem - EPV level). Analysis of plant samples in the tube exit phase revealed damage to wheat stems by larvae of the Hessian fly - a high degree of 45 ... 50% (Figure A.25, Appendix A). By the earing phase on the wheat and barley crops of the demonstration site, the dispersal of the barley miner was observed, the mining of leaf blades by the larvae of the pest was up to 15% (high degree of severity). By the filling phase, on the ears of wheat and triticale, the spread of small colonies of cereal aphids characterized by serious harmfulness was observed. The number and harmfulness of caterpillars of the gray grain moth in the filling phase was insignificant (0.5-5.0 ind., Per 100 ears).
In 2020, weather conditions turned out to be favorable for the development of the following pests: wheat germination phase - striped bread flea (leaf damage - up to 10% with 100% marginal crop colonization), in the tillering phase - tube emergence - wheat thrips, the number of adults reached EPV level –8-14 individuals/plant); in the phase of entering the tube on crops of barley, durum wheat - striped bread flea beetle (damage to leaves up to 25%), larvae and beetles of the common drunkard (focal damage) - number of larvae 0.7 individuals / stem, leaf damage 12 ...25% In general, there was a high number and harmfulness (reaching the level of EPV) on repeated crops of grain crops on stubble predecessors. In the second half of the growing season, the population of wheat crops by caterpillars of the gray grain moth, as in the previous year, did not exceed EPV (depression stage). However, autumn conditions contributed to the additional feeding of caterpillars (the weight varied in the range of 190 ... 260 mg.). Considering the physiological state of the caterpillars before wintering and with a successful overwintering, local outbreaks of the pest population are possible in 2021 if the phase of earing of wheat coincides with an intense, massive summer of butterflies. The presence of quarantine organisms has not been established according to the results of monitoring surveys of industrial crops by «North-Kazakhstan Agricultural Experimental Station» LLP.
Prediction of the spread and development of harmful organisms. The intensity of development and harmfulness of diseases in 2021 will be determined by suitable conditions and crop culture, namely: the conditions of moisture and soil temperature during the sowing period, the phytosanitary state of the sown seeds and the quality of their pre-sowing dressing, the choice of the predecessor, agrotechnical measures. Considering the warm autumn of 2020 and a certain stock of pathogens on infected plant residues on the soil surface (stubble, crushed straw), under favorable weather conditions in 2021 helminthosporia-septoria spots will develop everywhere from moderate to epiphytotic development. Simplification of soil cultivation technology in industrial crops of North-Kazakhstan Agricultural Experimental Station LLP (since autumn, some fields have not been subjected to basic cultivation) contributes to the annual significant replenishment of the topsoil with seeds of weeds, an increase in the number of common pests and phytopathogenic organisms. During the research period, the weedy plant was the most harmful in the fields of the farm - it developed a good vegetative mass until autumn (in some fields, herbicides did not affect the overgrown weed during the period of chemical weeding), and field sow thistle, common wild oat , chicken millet. Based on the above, in 2021, the infestation of fields by perennial root suckers and juvenile weeds is expected to be at the level of 2020.
In 2018, in order to obtain reliable meteorological parameters: air temperature, atmospheric pressure, relative air humidity, ultraviolet level of solar radiation, wind speed, wind direction and amount of precipitation from the fields on the territory of North-Kazakhstan Agricultural and Chemical Plant LLP (coordinates 54°9'59.10"N 69°31'21.95"B) an automatic meteorological station "SOKOL-M1" was installed (Figure A.29 Appendix A). The establishment of the meteorological station made it possible to regularly collect the following meteorological data during the work of this project: air temperature; atmospheric pressure;, relative humidity; the level of ultraviolet radiation and solar radiation; wind speed and direction; the amount of precipitation. Meteorological station "SOKOL-M1" is equipped with a GPS receiver, which provides automatic spatial and temporal fixation of measurement results. The meteorological information received from the meteorological station is a set of synchronized time series of meteorological values (Figure A.30, A.31 Appendix A). The meteorological station predicts a year for a three-day period of time, forms a wind rose, transfers images using a video camera (Figure A.32 - A.34, Appendix A). To collect data on humidity and air temperature, 8 remote wireless modules with sensors - BMVD were connected to the meteorological station annually (Figure A.35 - A.37, Appendix A). The sensors are connected via a cable to the module, where the readings are read and sent over the radio channel to the weather station, the data are displayed in a summary table and in the form of a graph (Figure A.38, A.39 Appendix A).To improve the quality of the signal, the deterioration of which was caused by changes in the relief and foliage planting in a straight line, the antennas at the meteorological station and individual modules were raised to an additional height (Figure A.40, A.41 Appendix A). In 2020, the placement of sensors and the diving depth were determined from the experience of last year and amounted to about 700 m at a depth of 10 to 50 cm (Table A.20, Figure A.42, Appendix A). All data from the weather station and sensor readings are available through an authorized login at https://sokolmeteo.com. Data is available in the main data exchange formats: JSON, XML, CSV, TXT, SQL, MS-Excel. Meteorological data can be obtained in graphic form in formats: PNG, JPG, SVG, PDF [44]. Since the establishment of the station, a meteorological database has been formed, which makes it possible to carry out a comprehensive statistical analysis.
The electronic field maps will be updated for a total area of at least 10,000 hectares with precise geolocation.
When updating the electronic field maps of «North-Kazakhstan Agricultural Experimental Station» LLP, a Stonex model S10 GNSS receiver was used. To determine the coordinates of the SOKOL-M1 base station, installed by us on the territory of “North-Kazakhstan Agricultural Experimental Station” LLP, the real-time method (RTM) was used with connection to the “Kazakhstan Garysh Sapary” station (Figure A.43, Appendix A). To improve the accuracy and referencing of aerial and satellite images, in 2018, planned-high-altitude justifications (PHAJ) were created. Also in 2018, electronic borders of fields №9, №10 and 19a of the second department with a total area of 1,086 hectares were created (Figure A.44, Appendix A). Accurate geolocation of demonstration sites of 24 hectares was carried out (Figure A.45, Appendix A). In 2019-2020, work on the creation of electronic field boundaries was continued (Figure A.46, Appendix A). Additionally, in some areas, in 2020, the electronic field boundaries were updated compared to 2019. Basically, changes in areas are associated with deformation of estuaries (Figure A.47, Table A.21, Appendix A).For example, this report shows the difference between the reported data of the farm for the area of field №10 (first branch) and the area of the same field, created by calculation from electronic maps of fields (Table A.22, Figure A.48, Appendix A). The total difference in wheat sown areas in 2020 compared to 2019 is 159 hectares. According to the created electronic boundaries of fields, the sown area minus the territory of forest belts and estuaries is 9 854 hectares, while according to the reporting data of the farm it is 10 013 hectares (Figure A.49, Appendix A).
4 Transfer and adaptation of modern technologies that allow to achieve the yield: spring wheat - 30 c/ha, with an increase in labor productivity by 2.0-2.5 times on an area of at least 10 000 hectares
In 2020, in the production crops of “North-Kazakhstan Agricultural Experimental Station” LLP, the productivity of spring wheat varieties in terms of steam predecessors ranged from 24.9 kg/ha (spring wheat variety Karabalykskaya 20, brigade № 1, field 22, table B. 1, Аppendix B) up to 42.7 c/ha (variety of spring soft wheat Astana, brigade № 3, field 9, table B.1, Аppendix B). The highest productivity in production crops was noted in the variety of spring soft wheat Astana - 42.7 c/ha (brigade №3, field 9, table B.1, Appendix B) and the variety of spring soft wheat Shortandinskaya 2012, the productivity of which was: 40, 5 c/ha - brigade №2, field 11A; 40.4 c/ha - brigade №2, field 6; 40.3 c/ha - brigade №2, field 8 (Table B.1, Appendix B). The average yield of spring wheat varieties by brigades was: 35.8 centners/ha - brigade №3; 34.5 centners/ha - brigade №1; 33.4 c/ha - brigade №2 (Table B.1, Appendix B). At the same time, the average yield of spring wheat on the farm for the steam predecessor was 34,6 c/ha (Table B.1, Appendix B). The yield of spring wheat by non-fallow predecessors ranged from 17,6 c/ha - spring wheat variety Karabalykskaya 20, brigade№1, field 8 to 38.7 c/ha - spring wheat variety Shortandinskaya 2012, brigade №2, field 11B (Table B.2, Appendix B). The highest productivity in production crops for non-fallow predecessors in “North-Kazakhstan Experimental Station” LLP was noted in the spring soft wheat variety Shortandinskaya 2012: 38.7 c/ha - brigade №2, field 11B; 37.9 centners/ha - brigade №2, field 28; 34.6 c/ha - brigade №2, field 18A (Table B.2, Appendix B).  The average yield of spring wheat varieties by brigades was: 31.7 c/ha - brigade №.2; 24.5 centners/ha - brigade №1; 23.6 c/ha - brigade №3 (table B.1, Appendix B). At the same time, the average yield of spring soft wheat on the farm for non-steam predecessors was 27.7 c/ha (Table B.2, Appendix B). The total productivity of cultivated varieties of spring wheat in the production crops of LLP «North-Kazakhstan Agricultural Experimental Station» in terms of steam and non-steam predecessors on an area of 10 000 hectares averaged 30.8 c/ha (Table B.1, B.2 , Appendix B).
Studies have shown that when treating spring wheat varieties with growth stimulators, their yield increased significantly. So, the yield of grain from 1 hectare with standard moisture content (14%) on average for 2019-2020. in the wheat variety Astana, varied in the range from 23,5 c/ha (control) to 32,7 c/ha (variant with the use of a growth stimulator White Pearl). The effectiveness of the use of the growth stimulator - Atonika Plus was slightly lower – 31,1 c/ha. The yield increase from the use of growth stimulants varied in comparison with the control from 9,2 c/ha - White Pearl to 7,6 c/ha - Atonik Plus. The yield increase in the spring wheat variety Karagandinskaya 60 in relation to the control was: +4.6 c/ha - White pearl; +6.3 c/ha - Atonic Plus (Table B.3, Appendix B).When treating varieties of spring triticale with growth stimulants in all variants of the experiment, a positive tendency to increase the yield was observed: for the Dauren variety, the yield increase was + 5.1 c/ha (White Pearl), + 5.7 c/ha (Atonik Plus); in the spring triticale cultivar Rossika, the increase was + 3.7 c/ha (White Pearl), + 2.7 c/ha (Atonic Plus) (Table B.4, Appendix B). On average, over the years of research of the variant of the experiment with the use of the White Pearl preparation, the yield of soybeans, when converted to standard moisture content, was: for the Otan variety 15.5 c/ha, for the Nur variety 17.2 c/ha (an increase to the control, respectively, 3.2 c/ha and +3.6 c/ha). The Atonic Plus preparation provided an increase in the yield of the Otan soybean variety up to +3.3 c/ha, and the Nur variety +3.5 c/ha. Soybean cultivars: Eldorado, Arcadia and Sculptor reacted to a lesser extent to the effect of growth stimulants, judging by the studies of one year (Table B.5, Appendix A).Treatment of seeds and plants of maize hybrids with growth stimulants contributed to a significant increase in their productivity. On average, over the years of research, the yield level of the Tekni corn hybrid in the control variant was 17,4 c/ha, in the variant with the use of White Pearls it was higher by 5,6 c/ha, in the variant with the use of Atonic plus the increase was 6,7 c/ha. In 2020, the productivity of Talisman corn hybrid for grain with a standard moisture content of 14% fluctuated from 16,7 c/ha (control) to 26,0 c/ha (option with the use of Atonic Plus). A similar pattern manifested itself in the Kaz ZP hybrid, but the level of its grain yield was significantly lower (Table B.6, Appendix B).
The studies that were carried out on the basis of the «North-Kazakhstan Agricultural Experimental Station» LLP have established that the following chemical preparations are the most effective for the grain crops preparation from weeds, pathogens and pests.
Tank mixtures of herbicides have shown high efficiency against dicotyledonous weeds: Esteron preparations, emulsion concentrate, Desormone ether, emulsion concentrate, Esthete, emulsion concentrate, Extra ether, emulsion concentrate, sulfonylureas (AD metsulfuron-methyl, tribenuron-methyl, thifensulfuron); against grass weeds: Puma super, o.w.e., Bars super, emulsion concentrate, Jaguar,o.w.e., clodinafop-propargyl (Topik 080, emulsion concentrate); 
With a mixed cereal-dicotyledonous type of weediness in crops of spring barley, tank mixtures of herbicides were highly effective: Grami super, emulsion concentrate (0,8 l/ha) + Extra ether, emulsion concentrate (0,4-0,5 l/ha) + Galantnyi (10-12 g/ha); Ether premium, suspension emulsion (0,5 l/ha) + Grami super (0,6-0,9 l/ha); Ether premium, suspension emulsion (0,5 l/ha) + Jaguar, o.w.e.. (0,6-0,9 l/ha);
To suppress pathogens in the soil and on the seeds of spring wheat and spring barley, it is advisable to treat the seeds with the following disinfectants: Витакс, aqueous suspension concentrate (1,5-2,0 l/t), King duo, suspension concentrate (1,5-2,0 l/t), Insure perform, suspension concentrate (0,3-0,4 l/t), Selest top, suspension concentrate (1,0-1,8 l/t); during the growing season of grain crops with systemic fungicides: Propikon, emulsionconcentrate (0,5 l/ha), Alto Super 330, emulsionconcentrate (0,5 l/ha).
It has been experimentally established that chemical treatments of wheat crops against pests (if their number exceeds the level of Economic threshold of harmfulness) must be carried out in three terms. The first - in the phase of 2-3 wheat leaves against leaf-gnawing and hidden-to-stem pests - bread striped flea beetle, Hessian and Swedish flies, stem-left flea beetles. The second is the end of booting-earing phase against the common-vein drunkard, the adult wheat thrips of cereal aphids. The third - in the phase of milky and milky-wax ripeness against larvae of wheat thrips and gray grain scoop. To protect the crops of grain crops in the initial period of development (from soil-dwelling pests, flea beetles, cereal flies, wheat thrips), seed treatment with insecticidal-fungicidal preparations is necessary: Selest top 312,5 suspension concentrate (1,0-1,8 l/ha); Trinity, suspension concentrate. (1,5-1,75 l/ha); Yunta suspension concentrate (1,5-1,75 l/ha).
The production and experimental crops of the “North-Kazakhstan Agricultural Experimental Station” LLP were characterized by the following main species composition of pests: gnawing (striped bread flea beetle, common drunkard); latent developing (Hessian fly, barley miner); sucking (wheat thrips, cereal aphids). At the same time, the highest efficiency in the fight against plant pests from the group of synthetic pyrethroids was shown by preparations of contact-intestinal action: Karate 050, emulsionconcentrate (0,15-0,2 l/ha); Dezisexpert, emulsionconcentrate (0,075-0,125). From the group of organophosphate compounds, the preparations had a high initial toxicity and a longer protective effect (about 2 weeks): Actellic 500, emulsionconcentrate (1,0-1,2 l/ha), BI-58 Novyi, 40% emulsionconcentrate (1,0-1,5 l/ha). From the group of inhibitors of chitin synthesis (HCS), preparations that have shown high efficiency are the following: Dimilin 48%, suspension concentrate (0,015-0,02 l/ha), Nomolt 15%, suspension concentrate (0,06 l/ha). From the group of neonicotinoids, the following drugs had a high systemic effect and a long-term protective effect (more than 2 weeks): Cloride, aqueous suspensio. (0,05-0,07 l/ha), Mospalin, 20% instant powder (0,06-0,1 kg/ha). Of the mixed preparations, the following preparations had a wide spectrum of action: Engio 247, suspension concentrate, Insect, suspension concentrate (0,1-0,15 l/ha).
To improve the efficiency of work planning and timely execution of technological operations on outdated equipment of North-Kazakhstan Agricultural Experimental Station LLP, satellite monitoring systems were installed, consisting of a Glonass/GPS tracker and additional control sensors. During the period of operation of this program, 13 units of agricultural machinery were equipped with satellite monitoring systems: 4 (four) KAMAZ vehicles; 6 (six) ACROS combines; 1 (one) John Deere seeder; 1 (one) Case IH seeder; 1 (one) tanker (Figures B.1 - B.4, Appendix B). The basic components of the system (GPS tracker, fuel level sensor, panic button) and additional components were installed on each of the retrofitted ACROS combines: a sensor for bulk materials, header tilt angle, RFID tag readers. In addition to the basic ones, the freight transport was equipped with an RFID tag to control the "friend or foe" function. On trailed equipment, RFID tags read from the tractor cab were used to identify it. An ultrasonic proximity sensor was used to control the seeding depth. In total, 13 navigation trackers, 13 fuel level sensors, 6 bulk material sensors, 6 header tilt sensors, 13 alarm buttons, 4 body tilt sensors, 2 ultrasonic proximity sensors, 14 RFID tag readers, 12 RFID tags were installed.
During the research period, data from GPS trackers were sent to a telematic server installed on the server equipment of the GIS center of NJSC “S.Seifullin KATU" and available at http://87.247.28.235/web/client. The telematics server is a component of the decision-making platform that collects, processes and stores data received from the navigation equipment installed on the equipment, as well as further data transmission through web applications, and, if necessary, to other systems (Figures B.5 - B. 6, Appendix B.
On the basis of this project, an agrochemical analysis was carried out in 2019 on an area of 5236 hectares (the area of an elementary site for sampling is 1 hectare). The interpolation method was used to determine the soil condition by mobile phosphorus. Based on this method, intermediate values of quantity were determined and transitions between each hectare were built. It should be noted that practically throughout the entire territory (more than 95%), the content of mobile phosphorus was at a low level (Table B.7, Appendix B). In the course of the study, interpolation maps were built using the method of back-weighted particles (Figures B.7- B.9, Appendix B). In order to establish the relationship between various parameters, based on the data obtained, a classification was realized in the Python programming language.To build the relationship between the topography, the actual phosphorus content in the soil and its effect on the growth and development of wheat plants, the spectral channels of Sentinel 2 satellite images, and vegetation indiceswere selected: NDVI, NDRE, NDMI, SIPI, PSSRB. After collecting the data, training was conducted on classification in the Python programming language in three methods: decision tree, support vector machine, and random forest. Based on the training results, the random forest model gave an accuracy within 60%, which is a positive indicator for classification (Figure B.10, Appendix B). This method makes it possible to select indicators that have no value, which allows them to be excluded from the model. Figure B.11 (Appendix B) shows that relief, NDVI, PSSRB, NDRE, NDMI, SWIR channels have a great relationship with the value of the phosphorus content in the soil. After the function was selected (the threshold was more than 0.02), the model accuracy was 60%, that is, it remained unchanged.To compare the above methods, the Decision Tree method was used in the work. The accuracy of this algorithm was within 86% (Figure C.12, Appendix C). When constructing the algorithm by the support vector method, the classification accuracy was 60% (Figure C.13, Appendix C). Considering the large amount of input data, the main parameters were selected that have a high correlation with the yield. On C.14 (Appendix C) the sample for reclassification is presented depending on the correlation index. When reclassifying the input functions, there were 30 instead of 84. It is worth noting that the classification accuracy increased and amounted to 80% in all three algorithms (Figures C.15-C.17 Appendix C). When selecting important functions when constructing a random forest algorithm, the NDVI indices for July 19 and 16, SIPI for July 19, and spectral channels of the blue and red spectrum for July 29, as shown in Figure C.18 (Appendix C), showed a high connection.
Space monitoring allows, in the context of the growing season, to carry out an analysis between the growth and development of crops of agricultural crops [12-14]. To do this, in this report, as an example, field №2 (third branch) was selected. The choice of this field is due to the fact that wheat has been sown on it for all three years in a row (2018-2020). Figure C.19 (Appendix C) shows the NDVI for each year. In 2018 two different reproductions were sown in this field in two different sowing methods which is clearly shown in the picture. So (on the left) on an area of 308 hectares, a reproduction was sown (breeding nursery of the third year), on 377 hectares (on the right), a superelite was seeded. If we analyze the images for three years, then a more heterogeneous development across the field and with the lowest index per earing phase was noted in 2019. In 2018, the sowing was more uniform and the pixels were painted mostly in a “bright green” color, which indicates a good development of plants in this field, in 2017 there was fallow in this field. In addition to the NDVI, the studies used the PSSRB index, which indicates the chlorophyll content in plants. As if wheat plants experience certain stress in a particular field, for example, due to diseases or pests, this can be recorded.
In 2018, according to Figure B.20 (Appendix B), the field with sowing of reproduction (breeding nursery of the third year) developed more intensively and the chlorophyll index in wheat plants was better in this part of the field, but non-uniformity was observed in places. Compared to 2018, in 2019, plants in the same field developed worse and, practically, across the entire field, they experienced stress, which was due to the high content of weeds, diseases and pests. This circumstance was confirmed by the examination of plant protection specialists. In 2020 the situation is worsening in comparison with 2019 plants throughout the field have a low chlorophyll index, and experience water stress (Figure B.21, Appendix B). This could be due to the action of the following factors: the influence of high temperatures (Figure B.22, Appendix B) and sowing wheat on a bad predecessor (third crop after fallow). The results of the studies carried out indicate that the state of the crops of spring wheat in the field taken by us as an example (field 2, compartment 3) over a three-year period is directly related to the level of the obtained yield (Table B.8, Appendix B).
5  To introduce modern systems for managing equipment and analyzing the economic activities of enterprises
Transfer of acceptance to a new software product
For the development and implementation of a package of applied programs for informatization, digitalization and optimization of economic decisions, a systematic analysis of production processes was carried out in «North-Kazakhstan Agricultural Experimental Station» LLP in order to identify production areas requiring computerization and digitalization. The results of the analysis indicate the need for the widespread introduction of information technologies in the economy in all areas - planning agricultural activities, analyzing the state of agricultural facilities, forecasting, operational and strategic decision-making in production. In this regard, on the basis of this program, a conceptual database model was developed for the needs of the economy. The architecture of the conceptual database model was the definition of input data sources and collection methods using information and communication technologies (Figure C.1, Appendix C). Optimization of the productivity of the «North-Kazakhstan Agricultural Experimental Station» LLP represented:
	- GPS (Global Positioning System) tracking system - an information system that provides continuous monitoring of the enterprise's machine park, storage and visualization of the machinery movement pattern across the field, the readings of equipment sensors at any given time in order to avoid unplanned consequences, risks caused by human factors, improper work of performersand an incorrectly programmed technological map;
	- satellite image service and cartographic service for visual "rendering" of farmers' fields;
	- microservice of meteorological data from local stations installed on the territory of «North-Kazakhstan Agricultural Experimental Station» LLP for subsequent analysis of agro-technological activities.
The conducted studies have shown that the financial and economic position of «North-Kazakhstan Agricultural Experimental Station» LLP is stable. In 2015-2017, there was a constant increase in revenue, both in nominal and real terms. In real terms, revenue in 2017 increased by 17.4% compared to 2016 and by 30.6% compared to 2015. Product profitability increased to 11.1%. Real labor productivity in 2017 increased by 18.0% compared to 2016 and by 28.5% compared to 2015. Thus, the company demonstrates high potential for increasing the economic efficiency of economic activities.
The reserves for increasing the efficiency of production and labor productivity in the conditions of  Northern Kazakhstan depend on the fuller realization of the productivity potential and the restructuring of the industry in favor of the economically most promising types of agricultural products. The main factors in the growth of crop production efficiency are the possibilities of precision farming and informatization. Due to the activation of these reserves in the near future, it is possible to increase the productivity of agricultural labor in the North Kazakhstan region by an average of 37-38%.
There are significant differences in the stability of the yield of different crops, as well as in the stability of prices in the context of crop production. In the «North Kazakhstan Agricultural Experimental Station» LLP, wheat is the most stable in terms of yield, followed by potatoes, barley and oats, buckwheat and flax; the least stable crop is rapeseed. Prices for different crop products also differ in their stability. In "North Kazakhstan Agricultural Experimental Station" LLP the prices for wheat and flax are the most stable. For all other products produced on the farm, prices are noticeably less stable. This circumstance is important when optimizing the structure and combination of crops in agricultural production. In order to prepare effective decisions, production and economic data for previous years must be preliminarily recalculated taking into account inflation, trends and expert assessments. This allows not only to take into account the changing production and market conditions, but also to preserve the stochastic relationships inherent in the dynamics of indicators. The data matrices recalculated in this way are then used as statistical models of production and economic indicators to analyze and optimize economic decisions. It should be noted that a comparative analysis of the effectiveness of various technologies cannot be based only on a comparison of estimates of the average yield (or profitability) of the compared alternatives. The decision-making process under risk conditions also includes an analysis of possible deviations of profitability from its expected level using methods of stochastic efficiency analysis. It is well known that different technologies require different composition and structure of production costs. Therefore, the introduction of new technologies for the enterprise leads to changes in the distribution of resources between various types of economic activities. This circumstance means that in diversified farms engaged in the production of several types of products, the assessment of the economic efficiency of the use of technological innovations in a particular production must be considered inextricably linked with their influence on the efficiency of other economic sectors. Therefore, the assessment of the effectiveness of new technologies should be carried out in the context of the problem of optimizing the distribution and use of production factors, primarily land, labor and capital.
Technical support of the equipment management system and analysis of the economic activities of LLP "North-Kazakhstan agricultural enterprise" during the work of this program were carried out within the framework of the following activities:
	- to support the operation of sensors and trackers installed on agricultural machinery, the system implements multilevel access to monitoring services (Figure C.2, Appendix C);
	- server administration was carried out by employees of the university – NC JSC «S.Seifullin KATU». User access and access to technical support during the period of the program and after its completion is open to employees of «North Kazakhstan Agricultural Experimental Station» LLP;
	- measures to control the operation of the system, agricultural work and timely execution of technological operations on the farm were carried out remotely, as on the basis of NC JSC «S.Seifullin KATU» (Nur-Sultan), and IT support in the North-Kazakhstan agricultural enterprise LLP;
	- technical support of the satellite monitoring system was carried out in a 24/7 format. 
Based on the data stored on the telematics server (http://87.247.28.235/), the «Track» and «Navigation» reports of the Acros 530 combine, license plate Т899APD, built for the period from August 29 to September 29, 2020 (Figures C.3 - C.5 Appendix C). The track shows the routes of movement during cleaning and fuel filling. In addition to the graphical display of data, the equipment was monitored using various reports for an arbitrary period of time: "Movements and stops"; "Flights"; "Plums and dressings"; "Developments"; "Fuel" and others (Figure C.6 of Appendix C). The most complete report is "Navigational". The frequency of reading data from sensors is more than 10 times per minute. For example, a navigation report on the sensors of a KAMAZ dump truck with state number 405AO15 is shown in the tabular view (Figure C.7 of Appendix C).In order to reduce the influence of the human factor and control the actions of staff, a video surveillance system was organized at three weight points of the «North-Kazakhstan Agricultural Experimental Station» LLP (Figure C.8 Appendix C). Video recording is performed at the exit/entrance to the grain currents when weighing vehicles. For the technical implementation, video cameras with a varifocal lens were used to recognize license plates and indicate the display of weighing equipment inside the control room. Additionally, high-resolution overview cameras are installed. Recording is done with a 1TB SATA HDD Hybrid DVR. For the current period of time, the video surveillance system is integrated into an intelligent weight control system with automation of the technological process for quantitative accounting of grain.
6  Develop economic models for the introduction of precise technologies for different types of farms in the North Kazakhstan region indicating the costs of using the developed technologies per 1 hectare, an analysis of the cost recovery due to increased productivity indicating the payback period
		During developing a complex of economic and mathematical models to optimize production parameters in crop production, the following key production and economic features were taken into account: (1) uncertainty in the yield of agricultural crops and prices for products and resources; (2) interconnectedness (joint variability) of crop yields; (3) interconnectedness (joint variability) of prices for crop products.
	In developing the model and calculating the model, the ideas and methods set forth in [45] were used. Economic and statistical links between efficiency, on the one hand, and production parameters and market conditions, on the other hand, in the context of crop production are formalized within the framework of an integrated mathematical model of production and market processes. The objective function in the model is to maximize the expected total volume of income from crop production, taking into account the conditions: on the use of material (including land) and labor resources; financing of current production costs in crop production; by the amount of income in the context of scenarios (outcomes); on the fulfillment of contractual obligations for the supply of products; by the capacity of the product market; on the formation of crop rotation; according to the permissible size of the total risk and the calculation of the total size of the economic risk; expected income in the context of crop production (Appendix D).The analysis was carried out on the basis of a mathematical model of production and economic processes, as well as data on the yield of agricultural crops, the costs of growing and harvesting them, prices for crop production in 2010-2019 in LLP «North-Kazakhstan Agricultural Experimental Station». An important note: since the exact technology of growing wheat is practiced on the farm only for the first year, then for the period from 2010 to 2019, an estimated crop yield was given using this technology. The assessment of the yield was carried out on the basis of expert judgments using statistical modeling methods. The sown areas and the structure of commercial crop production at the enterprise in 2020 are shown in Table D.1 (Appendix D). In aggregated form, the results of the analysis and the expected marginal income from the production of crop products at the North-Kazakhstan Agricultural Experimental Station LLP in 2020 are shown in Table D.2 (Appendix D). It follows from the analysis that according to the results of economic activity in 2020 in commercial crop production with a given structure and combination of crops, the amount of marginal income (MI) will exceed 1000 million tenge with a probability of 0.25; the probability that the MI will be in the range of 900-1000 million tenge is 0.25; MI will be in the range of 800-900 million tenge with a probability of 0.375; with a probability of 0.125, the MI value will be less than 800 million tenge. Optimization of the production structure and combination of industries in LLP «North-Kazakhstan Agricultural Experimental Station» on the basis of a mathematical model and analysis of the plan based on dual estimates leads to the conclusion that the farm is recommended to reduce grain crops in favor of rapeseed (in the first place) and flax (secondarily).	
Analysis of cost recovery with an indication of the payback period in LLP "North Kazakhstan Agricultural Experimental Station". The net present value (NPV) is used as a criterion for comparing and choosing the best technology. The use of this method is explained by the equal duration of investment projects (the standard service life of fixed assets until complete wear is 8 years). It should be noted that the best of the projects (investment decisions, technologies) is the one that provides the maximum net present value (income). In general, the equivalent annuity indicator can be used as a criterion for comparing and choosing the best technology. This method is convenient to use for evaluating investments, both with equal and unequal duration. In the development and application of methodological techniques and procedures for calculations, the ideas and methods set forth in [46] were used. All calculations according to the given schemes are automated in MS Excel. The calculations were carried out on the assumption that fixed assets are used on the farm until they are completely depreciated and have zero value when written off, projects (investments in technology) have the same life expectancy, and the cost of capital (hence the discount rate) is assumed to be zero. Table Г.3 (Appendix Г) shows the results of calculating the return on costs when using production technologies.
	Analysis of changes in labor productivity due to the introduction of new technology.Labor productivity in crop production can change under the influence of three groups of factors: an increase in yield; changes in crop area (economies of scale); changes in labor costs. The introduction of precise technology includes a set of measures to increase the biological yield of crops, optimize the use of material and labor resources for growing and harvesting products, and preserving the harvested crop. Calculation of labor productivity in the production of wheat in the context of technologies in physical terms per one employed in the industry in the conditions of LLP "North-Kazakhstan Agricultural Experimental Station" in 2012-2020. makes it possible to assert that when using traditional technology, the volume of wheat produced will average 868 centners per person employed in the industry, and when using point technology, productivity can increase to 1803 centners per person, that is, by 2.08 times. At the same time, the cost of goods sold at the enterprise remains high. And this circumstance restrains the growth of profitability of crop production on the farm.Structural shifts in crops in favor of more profitable oilseeds, as well as a general increase in prices, had a positive impact on the change in the mass of profit and the level of profitability of sales on the farm for the analyzed period. Thus, a decrease in the cost of production and a further increase in the specific weight of oilseeds, that is, products with a higher level of profitability, act as the main reserves for increasing the volume of gross profit in the «North Kazakhstan Agricultural Experimental Station» LLP. In general, at present, the profitability of the enterprise is largely ensured by subsidies. There is a fairly strong correlation in the size of marginal income between cereals, as well as between flax and wheat, flax and barley, and a less noticeable relationship between flax and oats. In the context of non-grain crops cultivated in the «North-Kazakhstan Agricultural Experimental Station» LLP, the correlation between the marginal income is insignificant. Therefore, in order to ensure the sustainability of income at the enterprise, when selecting crops and planning crops, it is necessary to take into account not only profitability, but also the variability and relationship of income in the context of crops. The production structure of the enterprise and the selection of crops for cultivation require their optimization. Losses from an irrational production structure amount to 80 million tenge annually. There is a real opportunity to increase the marginal income by 10-12% due to a more rational organization of production, namely, by optimizing the structure and combination of crops in sown areas. This does not require additional costs. Forcing an enterprise to sow certain crops in certain sizes (for example, wheat of at least 10,000 hectares) can lead to the displacement of more profitable crops from the optimal plan and a deterioration in the financial and economic results in crop production of the enterprise. Considering that the enterprise is not private and therefore is not economically free in the full sense of the word, and taking into account the need to allocate at least 10,000 hectares for wheat, an increase in the profitability of crop production on the farm can be ensured due to the rational distribution of the remaining arable land between flax and rapeseed. Moreover, in the competition between flax and rapeseed according to the double criterion "income - risk", rape is more advantageous; and under the conditions of this enterprise, more arable land should be allocated for this culture than for flax. The farm is recommended to reduce grain crops as much as possible in favor of rapeseed (firstly) and flax (secondly).
Investments in precise technology of spring wheat cultivation with an average yield of 30 c/ha (target option) using precise technology pays off in the third year. At the same time, investments in traditional technology under the conditions of «North-Kazakhstan Agricultural Experimental Station» LLP pay off only in the 7th year. The profitability of wheat production under the conditions of North-Kazakhstan Agricultural Experimental Station LLP using traditional technology (average actual yield of 15.6 c/ha) is only 7.0%; according to precise technology (with a target yield of 30.0 c/ha), it increases to 70.6%. The use of precise technology ensures an increase in labor productivity in wheat production due to a complex of agrotechnical, agrochemical, organizational and economic measures; at the same time, the growth of labor productivity will be on average 2,08 times for precision technology in comparison with traditional technology.
7  To develop technological maps for the cultivation of agricultural crops, considering the elements of precision farming
An online platform was created to develop technological maps based on this program. A typical structure of a technological map and databases is shown in Figure E.1 (Appendix E).The desktop database management system of the VisualFoxPro was chosen as a platform,based on which the «Automated system of justification of technological means in crop production», that designed for automated calculation of technological maps (Figure E.2, Appendix E) and basic technical economic indicators of the planned composition of the machine and tractor fleet of «North-Kazakhstan Agricultural Experimental Station» LLP (Figure E.3, Appendix E), was developed.«Automated system of justification of technological means in crop production»program is equipped with methods for working with on-screen tabular forms, called through the main menu or contextually. After testing the computer program, the flow charts were calculated for four crops (wheat, barley, corn and soybeans) on an area of 100 (one hundred) hectares each. The place and functions of the program for calculating technological maps in the precision farming system are shown in Figure E.4 (Appendix E). In view of the need for a personalized, informative and automated service in the field of agricultural management, the possibility of using the FarmOS agricultural management system for calculating and storing technological maps was tested (Figure E.5-E.7, Appendix E). The technological map is the basis for calculating direct operating costs for each operation (Figure E.8, Appendix E). These costs are summed up in crop costs and determined per unit of production. The unit operating cost is subsequently included in the unit cost and ultimately determines the unit sales price.The electronic cost estimate (hereinafter - ECE) for calculating direct operating costs per unit of work was worked out by us according to the same rules with an electronic technological map. ECE is called through menu items. The methodology for calculating direct operating costs is shown (Figure E.8, Appendix E). The proposed structure of the operational flow chart consists of the actual platform «Operational flow chart» and seven clusters (Figure E.9, Appendix E). In this case, the clusters can be divided into clusters developed on the basis of a priori information from literary sources, combined in databases 1, 2, 6, 7, clusters developed on the basis of databases and calculated indicators 3, 4, 5. Each of the clusters can be presented as a simple system consisting of one or several types of a priori information, other clusters may contain indicators of theoretical calculations or an even more complex combined system, covering both a priori information and indicators of theoretical calculations. To calculate the completion of the machine-tractor unit, a computer program "PRAMT" has been developed: "Programs and databases for the formation and calculation of indicators of operational technological maps" (Figures E.10-Д.16, Appendix E) providing for the replenishment and replacement of outdated databases. Structurally, the cluster operational flow chart can be presented in the form shown in Figure E.17 (Appendix E). It is well known that an important resource for reducing labor costs and increasing labor productivity is the coordination of agricultural harvesting and transport operations and, naturally, the quantitative coordination of harvesting and transport units. An example of the coordination of the harvesting and transport link is shown in Figure E.18 (Appendix E).
Determination of areas of weediness in crops of grain crops LLP "North-Kazakhstan Agricultural Experimental Station" was carried out using the NDVI index[47-49]:
- in 2019, a large number of weeds were observed on fields № 2-8 (third section), № 9, № 10 (second section); №. 12, №. 13 (first section) (Figure E.19, Appendix E);
- in 2020, high NDVI values were observed in selected fields. So during the sowing campaign (Figure E.20, Appendix E), a high NDVI was noted on estuaries and fallow fields that had not yet been processed (third section: fields № 2-5, № 1-7, № 10, № 8). Some fields were characterized by rather large areas of weediness - this is due to the fact that these fields were plowed by half during the satellite imagery period - field № 12 (second section), № 6 (first section). A fairly clear blockage was noted in the fields: № 2, № 4, № 12, № 13 (first section), № 4, № 11B (second section) (Figures E.19- E.21, Appendix E). According to the images for June 6, 2020 (Figure E.21, Appendix E), high weeds were observed in the fields: № 3, № 2, № 11A (second section), №. 3, №. 5, №. 9, №. 19a (first section). In these fields steam cultivation was not carried out (Figure E.21, Appendix E).
In the conducted studies, the damage to plants by diseases was determined using a special device - a spectrometer [50-54].The PSR 2500f and PSR 1100f spectrometers were used in this program. The principle of operation of these spectrometers is based on the different reflectivity of diseased and healthy plants:
- Figure E.22 (Appendix E) demonstrates the spectral reflections of spring wheat plants affected in 2019 by helminthosporium root rot. The reflectance in the infrared region was less than in the spectrum range of 520-680 nm. In contrast, for the infrared channel, the reflectivity was lower. In some areas of the field, where wheat was affected by root rot, helminthosporiosis and fusarium, the NDVI value was also somewhat lower (Figure E.23, Appendix E);
- In 2020, measurements of the spectral reflection of healthy wheat plants and wheat plants affected by powdery mildew were carried out. It was found that the reflectivity of the disease is acceptable for both the red and red marginal ranges (Figure E.24, Appendix E), which can be explained by the strong reflection of pigments in the red-red marginal ranges.
On the basis of the research carried out "Recommendations for the protection of grain crops from harmful organisms in the North Kazakhstan region" were developed.
8 To develop guidelines for large-scale replication and adaptation of precision farming technology, considering the soil and climatic conditions of cultivation
On the basis of this program, the following methodological guidelines and recommendations have been developed for specialists in the agrarian sector of the North Kazakhstan region:
- "Recommendations for the protection of grain crops from harmful organisms in the North Kazakhstan region" (Appendix C);
- recommendations in the framework of replication and adaptation of precision farming technology: «Creation and implementation of works within the framework of precise geolocation»; «Creation of electronic maps»; «Carrying out measurements with a field spectrometer»; «Loading and processing of space images»; «Loading of temperature and humidity of the surface according to the data of remote sensing of the earth»; «Calculation of spectral indices»; «Creation of a digital terrain model»; «Conducting aerial photography from unmanned aerial vehicles and processing data from unmanned aerial vehicles»(Appendix E, paragraph 8, Figure 1);
- «Monitoring of crops and identification of weeds»; «Determination of the phases of plant development of agricultural crops and forecasting intra-seasonal yield»; «Predicting the dates of maturation and detection of diseases» (Appendix E, Paragraph 1.6.2). 
9 To develop an agricultural production system aimed at optimizing long-term, farm-wide productivity with minimal negative impact on the environment
The collection of data obtained from the ground and remote sensing under this program began in 2018. To store and edit the accumulated experimental materials, a Database was created: LLP "North Kazakhstan Agricultural Experimental Station" (Figure F.1, Appendix F). The data was loaded into the database after cleaning. The database has been updated with raster and vector data.
The first layer is the electronic boundaries of the fields, which were then taken as the basis (Figure F.2, Appendix F). The layer of electronic boundaries has a filled-in attribute table according to the data of crop rotation, sowing date, harvesting, yield from 2010 to 2020 (Figure F.3, Appendix F). Also, due to the change in sown areas from year to year, electronic field boundaries were created for each year (2018, 2019 and 2020). Electronic field boundaries were created for demonstration sites (Figure F.4, Appendix F) for the content of mobile phosphorus and variety testing for 2019 and 2020, cartograms and interpolation maps for mobile phosphorus.
Based on raster data during 2018-2020 satellite images of the Sentinel 2 satellite were collected. Based on these images, the indices necessary during the work were calculated: NDVI, NDRE, NDMI, PSSRB. During the 2020 growing season, three aerial photography events were conducted using the SuperCam350f unmanned aerial vehicle. Shooting was realized: 28.05.2020; 20.07.2020; 05.08.2020. Based on the results of aerial photography, 6 spectral channels were obtained and the NDVI index was calculated.
In 2020, aerial photography was carried out, on the basis of which a digital elevation model was created (Figure F.5, Appendix F). Also, for comparison, a relief was obtained based on remote sensing data (Figure F.6, Appendix F).
The collection of ground-based data on the depth of snow cover by fields and snow density, as well as the calculation of the average moisture reserve in the field was carried out in the period from 29.02.2020 to 02.03.2020. In the reporting year, based on remote sensing data, information on the height of snow and the moisture reserve in the snow cover was available in spatial resolution within 25 km. In general, when comparing ground-based and remote sensing data, a steady trend remains. In some areas, survey indicators indicate insufficient moisture content (Figure F.7, Appendix F).All work results were loaded into the database and updated, Figure F.1 Appendix F.
10 To develop technological methods for targeted differentiated processing of individual parts of the field, taking into account small-scale features of natural conditions
Within the framework of this program, electronic vector maps were developed for the following thematic layers: relief based on SRTM, water resources, slope, soil map, surface temperature and humidity for 2019 (Figures G.1- G.7, Appendix G). In 2020, before the sowing work, aerial photography was carried out using an unmanned aerial vehicle to create a digital terrain model. According to Figure F.5 (Appendix F), the surface height on average ranges from 95 m to 130 m, the amplitude is 35 m. Within one field, the height amplitude was within 2-5 m. According to the surveys carried out on the territory of the economy, the relief change is observed from north to south upward. When comparing reliefs created on the basis of satellite images (Figure F.6, Appendix F) and data from unmanned aerial vehicles (Figure F.5, Appendix F), there is a difference both in the indicators themselves and in spatial resolution. Figure G.8 (Appendix G) shows the difference between the reliefs of unmanned aerial vehicles and space images per pixel and is 24 m.According to the results obtained on spatial resolution, the data of unmanned aerial vehicles is 30 times more accurate, since the spatial resolution image from unmanned aerial vehicles is only 2 meters, while the spatial resolution of the satellite image is within 60 meters. Therefore, when using satellite images (SRTM-relief), it is necessary to take into account that the relief values are given averaged within 60 meters.
Based on the results of agrochemical surveys in 2020, thematic maps were created on the actual content of mobile phosphorus, and interpolation maps were created (Figures B.7-B.9, Appendix B). Satellite images obtained during the growing season of the reporting year have been processed accordingly.
Vegetation indices were created, according to the results of which thematic maps were also compiled (Figures A.5 and A.6 (Appendix A), Figures Е.19-Е.21 (Appendix E) and Figure F.4 of Appendix F). On the territory of the farm, according to the analysis of the snow cover, thematic maps were created by the height of the snow cover (Figure F.7, Appendix F).
When conducting a comprehensive analysis for 2018-2020, changes in the growth and development of crops were carried out on the basis of the created electronic maps. Figure G.9 (Appendix G) shows an example of overlapping layers. The first two layers are the relief and slope of the terrain; the vegetation indices during the season and the results of agrochemical analysis also participated in the analysis.
The availability of information on all layers allows you to make a comprehensive analysis and establish the relationship of certain situations in the fields, as in the case of analysis between years, or the classification of the territory to obtain zone management.
11  To develop and implement a package of applied programs for informatization, digitalization and optimization of economic decisions, automation - decision-making without human participation in crop production based on a transfer and adaptation of advanced and foreign experience in the conditions of Northern Kazakhstan
In order to implement the tasks of introducing advanced digital technologies, a network for collecting telematic information based on the energy-efficient long-range technology LoRa has been built in the «North Kazakhstan Agricultural Experimental Station». According to the architecture of the LoRaWAN network [55](Figure H.1, Appendix I), the required components are a base station and data collection nodes. For this, a device for collecting data on soil moisture and temperature using LoRa technology has been developed (Figure H.2, Appendix H).
An RFM95W LoRa transceiver with an operating frequency of 868 MHz is used as a radio module, an ATMega328 microcontroller is used as a control device [56]. After the board was manufactured, the radio components were installed, all the components were installed in a sealed IP67 box. Power supply is provided by 18650 lithium-ion rechargeable batteries. The structural and schematic diagrams of the developed device are shown in Figures H.3 and H.4 (Appendix H).
To organize the network, a base station "MultiTechConduit® IP67 BaseStation" was installed on the roof of the building of «North Kazakhstan Agricultural Experimental Station» LLP [57]. To collect data on soil moisture and temperature from the fields of the «North Kazakhstan Agricultural Experimental Station», 31 radio modules were installed with one leaf sensor connected and three soil sensors located at a depth of 50 cm, 25 cm and 10 cm. (Figure H.5 Appendix H). The network coverage area was within a radius of 20 thousand hectares. The far point (Z-12) is 8.05 km from the base station.
The data from the sensors are sent to the KazATU server, at http://ret.gis-katu.kz:3000. Using the Grafana application, data visualization was performed, information can be obtained in the form of a table and graphs for each sensor, an additional location map and a summary table of data from all radio modules are available (Figure J.6 of Appendix J).
The author's certificate was received «The program of operation of the device for collecting data on soil moisture and temperature and transmitting them over the LoRaWAN network», a listing of the program is given in Appendix H
LoRaWAN server integration scripts are given in Appendix K.
An automated decision support system (a package of applied programs) for agronomists will be developed and implemented, taking into account the soil and climatic conditions of Northern Kazakhstan.
An information system has been created that provides: 1) digitalization of production conditions (soil, climatic, etc.), conditions (growth and development) of production facilities (crops), factors (diseases, pests, weeds, etc.) and processes (technological, etc.) affecting performance; 2) organization and automation of digital data receipt with accurate differentiation in time and geographic positioning; 3) classification, systematization and storage of incoming digital data; 4) comprehensive analysis and interpretation of the data obtained to the required level allowing the user to make a decision The information system is formed from individual programs developed for the implementation of the required functionality, and is organized into a package of applied microservice programs [56] (hereinafter - PAMP). The prototype architecture (Figure L.1, Appendix L) PAMP is presented in the form of the following modules: 1 - PFP ExpSys (Preparingforplanting) - preparation for sowing; 2-FCM ExpSys (FieldCyclicMonitoring) - cyclic field monitoring; 3- HarvestExpSys - predictive estimate.
According to the results of a comprehensive analysis of the territory of North-Kazakhstan Agricultural Experimental Station LLP, as well as daily monitoring of the area of interest in the area of the economy, monitoring of agricultural land, coupled with a continuous flow of spatial data with accurate resolution, led to the need to provide prompt access to an array of data at different times for subsequent analytical functional.
Adhering to the developed general concept, the WebApplication subsystem was developed - a web portal consisting of ClientFrontEnd (Client side of the software) and ServerBackEnd (software and hardware) objects, which consist of the following sections: 1) authorization window (Figure L.2, Appendix L); 2) map (Figure L.3, Appendix L); 3) profile; 4) notifications; 5) fields (Figure L.4, Appendix L); 6) field work (Figure L.5, Appendix L); 7) technique; 8) forecast service.
The client side of the web service is implemented in Vue.js [55] (an open source JavaScript framework for creating user interfaces). The server side of the project is implemented on ASP.NetCore. The database for storing data - PostgreSQL [57], is designed to store data entered by a user-farmer and data coming from microservices.
In the North Kazakhstan region, due to frequent climatic changes, the yield directly depends on the weather conditions, in accordance with which the farmer plans to carry out various technical measures in the field. Thanks to the creation and development of a meteorological data microservice and locally installed meteorological stations, with which the integration in the microservice was carried out, the farmer has current data on the weather (Figure L.6, Appendix L) and soil conditions, as well as the weather forecast for the required period (for the next hour , day, several days), which allows the farmer to more comfortably and rationally plan agro-technological activities on the territory of the enterprise (fields), reducing operating costs.
A cartographic service is deployed on the web portal, providing digitization of fields and all the necessary reference information; service of meteorological data collected from a local station installed on the field; a tracking microservice for monitoring agricultural machinery, which ultimately visualizes the general condition of agricultural fields (Figure L.7, Appendix L).
Microservice GPS tracking of the enterprise transmits information on the movement of each piece of equipment, which was equipped with electronic sensors. This allows not only to find out the trajectory of the movement of equipment for a certain period of time, but also, using tools specially created for this task, allows the farmer to find out where his equipment was at any time of the requested period and a number of additional information: fuel level, speed of movement of equipment at a given point, the distance traveled from the beginning of the requested period to the current point, and others.
The development of applied programs included the rationale for the choice of method, technology and software design tools for structuring the data of the technical, technological, organizational base of the agricultural enterprise. An information system with the main portal page has been developed, providing a cartographic interface, information content and functionality with the ability to add, edit and delete reference data on the enterprise. The PostgreSQL database management system has been installed, which stores databases for the portal and the satellite imagery service. Modules with meteorological data, field history (crop rotations), the ability to view spectral images of a field, view a soil map, and a list of activities for a given field function. The integration flow of the web portal management systems and microservices was postponed.
12 To form the optimal complexes of machines and equipment for the implementation of promising technologies for the cultivation of corn, soybeans, wheat and barley according to the precision farming system and to assess them in terms of functional, operational, technological, energy and economic indicators
Tests were carried out and a test report was prepared for a technical means for sowing (2 units of equipment), plant protection (2 units of equipment), harvesting wheat (2 units of equipment) and tillage (2 units of equipment), fertilization (1 unit of equipment), technical equipment for harvesting (4 units of equipment) in the precision farming system, Appendix M.
Comparative tests of a sowing complex consisting of a «John Deere 1890» seeder in an aggregate with a «John Deere 9410R» tractor using GreenStar-3 GPS navigation systems, AutoTrac (automatic control) and seed sowing control and without using systems have been carried out. It was found that the unit performs the technological process stably and with the required quality at a speed of 11.6 k/h. The use of a GPS navigation system, automatic control and monitoring of seed sowing on a seeding unit consisting of a «John Deere 9410R» tractor and a «John Deere1890» seeding complex provides an increase in the working width by 0,3 m, shift productivity by 5,7%, and a decrease in specific fuel consumption by 0,2 kg/ha (3,9%) and seeds at 1,5 kg/ha. Annual savings in total cash costs amount to 1 465 thousand tenge.
Comparative tests of the self-propelled sprayer «John Deere 4730» with the use of GPS navigation and automatic control systems and without the use of systems for chemical processing of grain and oilseeds were carried out. Tests have established that at a speed of 26.2 km / h, the use of the GPS navigation and automatic control system on the «John Deere 4730» sprayer provides an increase in the working width by 2.6 m, shift productivity by 15%, and a decrease in fuel and lubricants and herbicide consumption by 17%, and labor costs by 3%. Annual savings in the total cost of cash from the operation of the «John Deere 4730» sprayer with GPS navigation and automatic control system is 6562,6 thousand tenge.
Comparative tests of the PGP-7 deep-ripper plane cutter in the unit with the K-744R3 tractor equipped with the CFX-750 automatic steering system and without the system have been carried out. The test results showed that the unit stably and efficiently performs the technological process at a speed of 7.8 km/h. It was found that the use of the CFX-750 steering system using a free GPS signal from a satellite with an accuracy of up to 100 cm in tillage does not provide changes in agricultural, operational, technological and energy performance indicators, while increasing the total cost of funds in the amount of 174 tenge/ha.
Comparative tests of a combine harvester «АCROS-530» with a header Power Stream 9 equipped with a parallel driving system (GPS-navigation with a heading indicator) and without using the system were carried out. In these soil and climatic conditions, the combine efficiently performs the technological process at a speed of 7.8 km/h. It has been established that the use of the parallel driving system on the "АCROS-530" combine with the Power Stream 9 header provides an increase in the working width by 0.1 m, productivity by 1,5-2,0%, the total cost of money is reduced by 260 tenge/ha.
Comparative tests of the cultivator for applying mineral fertilizers KVU-8,8 with the use of GPS navigation and automatic control systems and without the use of systems were carried out on the application of mineral fertilizers. It was found that at a speed of 10.5 km/h the use of a GPS navigation system and automatic control provides an increase in the working width of the cultivator by 0,5 m (or 6,2%) compared to the unit without the system. At the same time, specific energy consumption per unit of operating time for 1 hour of main time is reduced by 6,6-6,9 MJ/ha or 5.8-6.0%. The productivity of the unit for one hour of shift time increases by 0.6 ha, specific fuel consumption decreases by 0.5 kg/ha, and mineral fertilizers by 8.3 kg/ha. The annual savings in the total cost of cash from the operation of the KVU-8,8 cultivator using the GPS navigation system in comparison with the unit without using the system is 6 335 thousand tenge.
Comparative tests of the cultivator for applying mineral fertilizers KVU-8,8 with the use of GPS navigation and automatic control systems and without the use of systems were carried out on the application of mineral fertilizers. It was found that at a speed of 10,5 km/h, the use of a GPS navigation system and automatic control provides an increase in the working width of the cultivator by 0,5 m (or 6,2%) compared to the unit without the system. At the same time, specific energy consumption per unit of operating time for 1 hour of main time is reduced by 6,6-6,9 MJ/ha or 5,8-6,0%. The productivity of the unit for one hour of shift time increases by 0,6 ha, specific fuel consumption decreases by 0,5 kg/ha, and mineral fertilizers by 8,3 kg/ha. The annual savings in the total cost of cash from the operation of the KVU-8,8 cultivator using the GPS navigation system in comparison with the unit without using the system is 6 335 thousand tenge.
Comparative tests of the self-propelled sprayer «John Deere 4730» with the use of GPS navigation and automatic control systems and without the use of systems for chemical processing of grain and oilseeds were carried out. Tests have established that at a speed of 26.2 km / h, the use of the GPS navigation and automatic control system on the «John Deere 4730» sprayer provides an increase in the working width by 2.6 m, shift productivity by 15%, and a decrease in fuel and lubricants and herbicide consumption by 17%, and labor costs by 3%. Annual savings in the total cost of cash from the operation of the «John Deere 4730» sprayer with GPS navigation and automatic control system is 6562,6 thousand tenge.
Comparative tests of the PGP-7 deep-ripper plane cutter in the unit with the K-744R3 tractor equipped with the CFX-750 automatic steering system and without the system have been carried out. The test results showed that the unit stably and efficiently performs the technological process at a speed of 7.8 km/h. It was found that the use of the CFX-750 steering system using a free GPS signal from a satellite with an accuracy of up to 100 cm in tillage does not provide changes in agricultural, operational, technological and energy performance indicators, while increasing the total cost of funds in the amount of 174 tenge/ha.
Comparative tests of a combine harvester «АCROS-530» with a header Power Stream 9 equipped with a parallel driving system (GPS-navigation with a heading indicator) and without using the system were carried out. In these soil and climatic conditions, the combine efficiently performs the technological process at a speed of 7.8 km/h. It has been established that the use of the parallel driving system on the "АCROS-530" combine with the Power Stream 9 header provides an increase in the working width by 0.1 m, productivity by 1,5-2,0%, the total cost of money is reduced by 260 tenge/ha.
Comparative tests of the cultivator for applying mineral fertilizers KVU-8,8 with the use of GPS navigation and automatic control systems and without the use of systems were carried out on the application of mineral fertilizers. It was found that at a speed of 10.5 km/h the use of a GPS navigation system and automatic control provides an increase in the working width of the cultivator by 0,5 m (or 6,2%) compared to the unit without the system. At the same time, specific energy consumption per unit of operating time for 1 hour of main time is reduced by 6,6-6,9 MJ/ha or 5.8-6.0%. The productivity of the unit for one hour of shift time increases by 0.6 ha, specific fuel consumption decreases by 0.5 kg/ha, and mineral fertilizers by 8.3 kg/ha. The annual savings in the total cost of cash from the operation of the KVU-8,8 cultivator using the GPS navigation system in comparison with the unit without using the system is 6 335 thousand tenge.
Comparative tests of the cultivator for applying mineral fertilizers KVU-8,8 with the use of GPS navigation and automatic control systems and without the use of systems were carried out on the application of mineral fertilizers. It was found that at a speed of 10,5 km/h, the use of a GPS navigation system and automatic control provides an increase in the working width of the cultivator by 0,5 m (or 6,2%) compared to the unit without the system. At the same time, specific energy consumption per unit of operating time for 1 hour of main time is reduced by 6,6-6,9 MJ/ha or 5,8-6,0%. The productivity of the unit for one hour of shift time increases by 0,6 ha, specific fuel consumption decreases by 0,5 kg/ha, and mineral fertilizers by 8,3 kg/ha. The annual savings in the total cost of cash from the operation of the KVU-8,8 cultivator using the GPS navigation system in comparison with the unit without using the system is 6 335 thousand tenge.
Comparative tests of a «John Deere 9660» combine harvester with GPS navigation and GreenStar parallel driving in an aggregate with a 12 m «MacDon60» header. The tests were carried out on soybeans. Comparative tests determined the agrotechnical, energy and operational-technological parameters of the «John Deere 9660» combine with and without the GPS navigation and GreenStar parallel driving system.
Optimal complexes of machines and equipment have been formed for the implementation of promising technologies for the cultivation of corn, soybeans, wheat and barley according to the precision farming system for different levels of equipment of farms in the North Kazakhstan region and their assessment has been carried out in terms of functional, operational, technological, energy and economic indicators
It has been established that for the cultivation of wheat, barley and soybeans, at technological operations, pre-sowing cultivation, sowing, basic processing, with a load on a tractor of 250 hectares and a yield of up to 2.0 t/ha, it is recommended to use a Belarus-1523 tractor with a yield of 2, 5-3.0 t/ha it is recommended to use the tractor Kirovets K-424. 
With a tractor load of 500 ha and a yield of up to 2.0 t / ha, it is advisable to use the Kirovets K-730 tractor, with a yield of 2.5-3.0 t / ha, it is recommended to use a Buhler Versatile 2375 tractor.
With a yield of 1.0-2.0 t / ha and a load of 750 ha, the K-739 tractors are recommended, with a load of 1000 ha, it is advisable to use the K-742 tractor.
With a tractor load of 750-1000 ha and a yield of 2.5-3.0 t/ha, it is advisable to use a Buhler Versatile 425 tractor. 
In technological operations, early spring harrowing, packing, herbicide pre-sowing treatment and vegetation, with a tractor load of up to 1000 ha and a yield of up to 3.0 t/ha, it is recommended to use Belarus-80.1 tractors.
On tractors, it is advisable to install the following equipment for precision farming: a system for remote monitoring of equipment, a control system for seeding seeds, systems for parallel and automatic driving.
For harvesting wheat, barley and soybeans with a combine load of 250 hectares and a yield of up to 1.5 t/ha, it is advisable to use the Essil KZS-730 combines with a header with a working width of 6 meters and a Vektor 410 with a header with a working width of 7 meters. With a yield of up to 3.0 t/ha - the Akros-530 combine with a header with a capture width of 9 meters. With a load on the harvester of 500 hectares and a yield of 1.0 t/ha, it is advisable to use a Vektor 410 combine with a header with a working width of 7 meters, with a yield of 1.5-3.0 t/ha - an Akros-530 combine with a header with a working width of 9 meters. With a load on a combine of 750-1000 ha and a yield of up to 2.0 t/ha, it is recommended to use Akros-530 combines with a header with a working width of 9 meters, with a yield of up to 3.0 t/ha, it is recommended to use an Esil-760 combine with a header with a working width of 9 meters. The following equipment for precision farming can be installed on the combines: remote monitoring system of equipment, automatic driving system.
For the cultivation of corn for silage, in all considered ranges of tractor load (100-400 ha) and yield (5-20 t/ha), it is recommended to use tractors Belarus-80.1 and Belarus-1221 in all technological operations, and in technological operations early spring harrowing, pre-sowing cultivation and basic processing, in addition to the Belarus-80.1 and Belarus-1221 tractors, you can use the Kirovets K-739 and K-742, Buhler Versatile 2375, Buhler Versatile 425 tractors as they are available in the park and were recommended for cultivation of wheat, barley and soybeans.
For harvesting maize for silage with a yield of up to 10 t/ha in all considered ranges of load on the combine, it is advisable to use a forage harvester Don-680 and a header with a working width of 4 m.With a yield of 15 t/ha and a load on the combine of 100 -200 hectares, it is advisable to use a Don-680 forage harvester with a header with a working width of 4 m, with a load on the combine of 300-400 hectares, it is advisable to use a forage harvester RSM 1401 with a header with a working width of 4.5 m. With a yield of up to 20 t/ha in all considered ranges of load on the combine, it is advisable to use the forage harvester RSM 1401 with a header with a working width of 4,5 m.
Based on the results obtained the optimal sets of machines were formed for four typical farms with an average size in terms of area. Krest-yanskie farms - the average area is 365 hectares, small LLPs - 800 hectares, medium LLPs - 3700 hectares, large LLPs - 10,000 hectares.
A comparative analysis of the existing and recommended composition of machine complexes with a wheat and barley yield of 15 c/ha is carried out. From the means of navigation in peasant farms, it is economically expedient to use a parallel driving system. The payback of the parallel driving equipment will be 3.2 years. It is not economically profitable to use other precision farming systems on farms with a small amount of work. It has been established that the use of a rational complex of machines in a farm with an average area of 365 hectares provides a decrease in labor costs by 1,7 times in comparison with the existing complex.
In small LLPs, it is recommended to use systems of parallel driving and remote monitoring of equipment with a fuel consumption sensor. The parallel driving system pays for itself in 3.1 years, and the remote vehicle monitoring system pays for itself in less than a year. The use of the recommended set of machines provides a reduction in labor costs by 2,0 times in comparison with the existing set of machines. It has been established that it is economically expedient for medium-sized limited liability companies to use an automatic driving system, equipment for differentiated application of mineral fertilizers and remote monitoring of equipment. The payback period of the automatic driving system is 1.7 years, equipment for the differentiated application of mineral fertilizers and equipment for remote monitoring of equipment is less than one year. The use of the recommended set of machines with digitalization means reduces labor costs by a factor of 2,0 in comparison with the existing set of machines.
For large LLPs with a wheat and barley yield of 15 kg/ha, it is economically feasible to use a complex of digitalization systems (automatic driving systems, differentiated application of mineral fertilizers, differentiated application of plant protection products, monitoring of seed sowing, remote monitoring of equipment, yield mapping). The payback period for this equipment for large limited liability partnerships will be 2,6 years. It has been established that the use of the recommended complex of machines in large limited liability partnership provides an increase in labor productivity by 2,2 times in comparison with the existing complex.
Calculations to substantiate a rational complex of machines for the cultivation of wheat and barley (yield 1,5 t / ha), soybeans (yield 1,0 t / ha), and corn for silage (yield 10 t/ha), in the precision farming system and their impact on increasing labor productivity were carried out on the basis of a large limited liability partnership with arable land area of 10,000 hectares. When carrying out calculations the structure of sown areas was taken as follows:
20% soybeans 16% corn for silage 16% wheat and barley 48% The calculations show that it is economically expedient to use a complex of digitalization systems in large LLPs. The payback of equipment for large LLPs will be less than a year.
The use of new varieties, technologies and techniques contributes to an increase in the yield of agricultural crops and a decrease in labor costs, which together will lead to an increase in labor productivity in agricultural production in the Republic of Kazakhstan.
It has been established that in small LLPs with a wheat and barley yield of 30 c/ha, the parallel driving system pays off in 2.1 years, and the remote monitoring system of equipment with fuel consumption sensors will pay off in less than a year. The use of the recommended set of machines with digitalization means reduces labor costs by 2,5 times in comparison with the existing set of machines.
It has been established that for medium-sized limited liability companies it is economically expedient to use an automatic driving system, equipment for differentiated application of mineral fertilizers and remote monitoring of equipment. The payback period of the systems is less than one year. The use of the recommended complex of machines with digital visualization means reduces labor costs by 2,1 times in comparison with the existing complex.
Calculations show that in large LLPs with a wheat and barley yield of 30 c/ha, it is economically expedient to use a complex of digitalization systems. The payback of this equipment for large limited liability partnership will be 1,4 years. It has been established that the use of a rational complex of machines with digitalization means in large limited liability companies provides an increase in labor productivity by 2,4 times in comparison with the existing complex of machines.
Calculations to justify a rational complex of machines for the cultivation of wheat and barley (yield 3.0 t / ha), as well as soybeans (yield 2.0 t / ha), and maize for silage (yield 20 t / ha), in the precision farming system and their influence on increasing labor productivity were carried out on the basis of a large limited liability partnership with arable land area of ​​10,000 hectares. When carrying out calculations, the structure of sown areas was taken as follows: steam 20%, soybeans - 16%, corn for silage 16%, wheat and barley 48%. The use of the recommended set of machines for large limited liability partnership allows to reduce labor costs by 2.2 times in comparison with the existing set of machines. It has been established that it is economically feasible to use a complex of digitalization systems in large LLPs. The payback of the equipment will be less than one year.
An increase in labor productivity in all categories of farms is due to an increase in the class of tractors used, an increase in the width of a grip of agricultural tires and the use of elements of a precision farming system in field work.
Thus, the use of the formed complexes of machines in the system of precision farming, in comparison with those available on farms, will reduce labor costs in various types of agricultural formations by 1,7-2,5 times, product losses from delaying the timing of work in peasant farms with a yield of 1,5 t/ha – 11,2 times, and with a yield of 3 t/ha, completely exclude them. In small, medium and large LLPs with a yield of 1,5 t/ha, production losses decrease by 2,7-3,6 times, with a yield of 3,0 t/ha – 5,1-7,7 times, while labor productivity increases by 2,0-2,5 times, due to an increase in crop yields and a decrease in labor costs, in the production of wheat, barley, corn and soybeans in the system of precision farming.
In 2019-2020, during the period of field work, «North-Kazakhstan Agricultural Experimental Station» LLP introduced into production a combine harvester “ACOS-530” with a Power Stream 9 header and a VELES BS-15 spring harrow in a unit with a Belarus-80.1 tractor. These two units are included in the formed optimal complex of machines for the implementation of promising technologies for the cultivation of wheat, barley, soybeans and corn. In the course of the work, agrotechnical, energy, operational, technological and economic indicators were determined.
In 2019, during the harvesting of grain crops, an assessment was made of the ACROS-530 combine harvester with the Power Stream 9 header. During the tests, the parallel driving system was not installed on the combine (GPS navigation with a heading guidance). The check of the harvester "АCROS-530" was carried out on wheat harvesting by direct combining. Wheat yield was 16 kg/ha. The work was carried out at a speed of 7.8 km/h with a working width of 8.7 m. The combine performs the technological process stably and with the required quality. The productivity of the harvester "АCROS-530" for 1 hour of shift time was 7,5 tons. The coefficients of the use of shift and operating time was 0,7. Specific fuel consumption was 4,4 kg/t. Using the harvester "АCROS-530" for harvesting wheat provides a reduction in complex costs from 4 to 6 thousand tenge/ha in comparison with analogues. Cost savings come from lower labor costs, lower fuel consumption and a lower unit cost.
Thus, as a result of testing a grain harvester "АCROS-530" with a Power Stream 9 header in production conditions for harvesting wheat, it was established that it performs a technological process with a quality that meets agrotechnical requirements, and energy, operational and technological indicators meet the requirements of regulatory documentation.
During the spring field work of 2020, North-Kazakhstan Agricultural Experimental Station LLP introduced into production, from a well-grounded complex of machines, at the technological operation, closing moisture, a machine-tractor unit consisting of a Belarus-80.1 tractor and an average VELES BS-15 spring harrow. At a speed of 11,5 km / h and a working width of 15,0 m, the harrow's productivity in 1 hour of main time was 17,2 hectares, and for 1 hour of shift time – 13,8 hectares. The specific operating fuel consumption during the tests was 0.8 kg/ha. The use of the unit provides a reduction in complex costs up to 500 tenge/ha in comparison with analogues. Cost savings come from lower labor costs, lower fuel consumption and a lower unit cost.
Thus, as a result of tests of the middle spring harrow VELES BS-15 at early spring harrowing of the soil, it was found that it performs a technological process with a quality that meets agrotechnical requirements and its energy and operational-technological indicators meet the requirements of regulatory documentation.
Recommendations for the use of machine complexes have been prepared. The recommendations provide information on new machines for the implementation of moisture-saving technologies for the cultivation of crops. The characteristics of modern navigation systems are given and the results of their tests in the conditions of the North Kazakhstan region are presented. The results of the effectiveness of the use of equipment for precision farming in the conditions of the North Kazakhstan region and the results of calculations to substantiate the optimal complexes of machines for various types and sizes of farms in the system of precision farming are presented. The recommendations are intended for farmers, managers and specialists of agricultural formations in the North Kazakhstan region.
13 To develop an experimental prototype of a wide-grip pneumatic seeder for sowing grain crops with automated control of the technological process. 
Based on the analysis, the structural and technological scheme of the seeder was selected: a central reel metering unit, pneumatic distribution over the coulters, a three-section frame with openers, a drive for seeding devices from a pneumatic wheel, a hydraulic fan drive, Figure П.1 (Appendix П).
A wide-coverage pneumatic seeder for sowing grain crops with automated control of the technological process consists of seeding and covering parts. The sowing part consists of a frame with support wheels, a hydraulically driven fan, hoppers for seeds and fertilizers, a sowing unit, pneumatic pipelines, distribution heads and seed pipes. The closing part consists of a three-section frame, support wheels, openers and a press roller, (Figure П.2, Appendix П).
[bookmark: __DdeLink__180_1176584838]The calculation and substantiation of the main design parameters of the central coil apparatus are made. It has been found that the optimal coil diameter мм [58]. Taking  мм  and the thickness of the jumper between adjacent grooves мм, based on the known expressions [58]     we obtain the number of grooves equal to 8 and the length of the coil Lк=50 мм. The rest of the dimensions of the coil apparatus are taken constructively.
The initial data for the selection of the fan are the air velocity at the outlet from the throat, the required mass of air supplied to the duct, and the total pressure that the fan must create. Having calculated these parameters [59] the loss coefficient Кв is determined, and a fan with the following design parameters is selected based on the dimensionless characteristics of the fans [59]: impeller diameter 300 mm; inner diameter of the wheel 102 mm; blade length 40 mm;
- outlet diameter 150 mm. In this case, the diameter of the main material-wire is assumed to be 63.5 mm [59], the dimensions of the distribution channel are 21.5*21.5 mm, and the diameter of the seed tube is 26 mm;
The analysis of the arrangement of the openers and the dimensions of the seeder frame allowed us to choose the following plan of the seeder frame: cultivator with a working width of 8,25 m, consisting of three sections - central and two lateral. All frame dimensions are specified. Row spacing 550 mm and coulter spacing in rows 700 mm. The side section is 1976 mm long and 1715 mm wide. The central section is 3890 mm long and 1715 mm wide. The undercarriage of the 8.25 m cultivator includes eight pneumatic support wheels in four pairs. The hitch of the seeder-cultivator with a working width of 8,25 m includes two side and two transverse beams and ears, the dimensions of these parts are given in the working drawings (Figure N.3, Appendix N).
The roller battery is mounted in a frame that has a hinge for mounting a transport wheel and is attached to the main frame of the drill. The diameter of the roller is 550 mm, the width of the roller is 122 mm and the distance between them is 22,8 cm. The width of the battery is 2,05 m.
A schematic diagram of the connection of the main components of the control system of the developed seeder to support the sowing modes has been developed (Figure П.4, Appendix П). An ultrasonic sensor UB2000 – F42-U-V was used to automatically control the presence of seeds in the hopper.
The position of the seeding unit is determined using the GLONASS/GPS antenna. The flight of seeds is registered by means of seeding sensors 11. Via adapters A-B; C-D; E-D information from the sensors goes to monitor 1. The rotational speed of the sowing unit, as well as the speed of the tractor in the event of GPS failure, is controlled by the sensors 13, 4. The rotational speed is set by controlling the electric motors 2 in accordance with the speed of the seeding unit. Power is supplied from the battery via Y-cable 9.
When the unit is moving the location, speed of movement, rotational speed of the sowing unit, the level of seeds in the hoppers, clogging of the seed pipes, etc. are recorded. The electronic control unit processes all the information received from the sensors and displays it on the control panel (screen) for monitoring and timely correction if necessary (in the direction of travel).
For the manufacture of a model seed drill, a central seeding system with seven seed bins has been developed. All units of the experimental seeder have been designed, a strength analysis of the frame and main parts has been carried out, which makes it possible to test models without testing prototypes in the AutodeskInventor environment. According to the technical documentation developed by us, a central pneumatic seeding system was manufactured, which includes a seed hopper 1 with a volume of V=4м3, a fertilizer hopper 2 with a volume of V=3м3, a frame 3, a fan 4 with a hydraulic drive, undercarriage 5 and seven-seed dispensers. Seed metering units are connected to the fan and distributor heads using material lines. Overall dimensions of the central pneumatic seeding system 4950*2600*1980 mm.
	The diameter of the sleeves of the metering unit is 63,5mm and the diameter of the distributor head is 26mm. The covering part of the seeder with a working width of 8,2 m, consists of three sections - central and two lateral. All frame dimensions are specified. The distance between rows is 650 mm and between openers in rows is 684 mm. The side section is 2270 mm long and 1970 mm wide. The central section is 2270 mm long and 4076 mm wide.


When developing the program and methods of laboratory and field research of the developed seeder, all the necessary State standards were used [60, 61, 62]. Laboratory and field tests of the developed seeder were carried out on June 5, 2019 on the territory of the KATU research and production campus. A variety of spring wheat "Astana" was used for testing. Seeding rate - 115 kg/ha, seeding depth - 8 cm, working speed of the sowing unit 9 km/h. The test results showed that the quality indicators of sowing on wheat slightly exceed the agrotechnical indicators, but they are on the same level with machines of the same type produced in Russia, Belarus and other foreign countries. In terms of quantitative indicators (minimum, economic and maximum seeding rate), the experimental seeder satisfies the requirements for seeding. The test results are shown in tables N.1 and N.2 (Appendix N).
The laboratory and field tests of the seeder showed: in terms of the qualitative and quantitative indicators of wheat sowing, the seeder meets the requirements for sowing: the uneven seeding on the coulters is 11,7%, the instability of seeding is 2,5%; maximum seeding rates are 80-300 kg/ha, the average seeding depth is 6,4 cm, the coefficient of variation is 18,7%; seeds embedded in the layer stipulated by the initial requirements - 89%.
To eliminate the identified shortcomings, the following work was carried out: on the central frame, braces made of profile pipes 50x50x4 and 40x40x4mm were additionally installed, chamfers were made on the connecting pins 2*450, stiffeners were welded to the lateral surfaces of the hitch.
Technical documentation has been drawn up for a wide-coverage, pneumatic seeder for sowing grain crops with automated control of the technological process, which includes the purpose, technical characteristics, design and operation of the seeder. Working drawings contain drawings of the format A1-7 pieces, A2-1 piece, A3-41 pieces and A4-36 pieces.
The experimental model of the seeder with an intelligent control unit was developed jointly with the Austrian company POTTINGER in the AutodeskInventor environment. On the basis of the model of the seeder, the design of all the units of the experimental seeder, the strength analysis of the frame and the main parts were carried out, which makes it possible to check the models without testing the prototypes, and its working documentation for manufacturing was prepared.
The intelligent control of the seeder allows infinitely variable adjustment of the seeding rate from 60 to 350 kg from the driver's seat and differentiated fertilization according to the agrochemical field map.
The frame of the closing part of the sowing unit is a beam metal structure, consisting of three sections, pivotally connected to each other. Each section has a self-aligning front wheel and a packer roller section.
The compacting system consists of separate sections of the roller battery, which ensures the best following by the working bodies of the field relief and ensures uniform soil compaction in the sowing zone along the entire width of the seeder.
The seeder has an intelligent process control unit, a frame, a central seeding system with seven-tuck bins and a covering part. The central pneumatic seeding system, which includes a seed hopper 1 with a volume of V=4 м3, a fertilizer hopper 2 with a volume of V=3 м3, a frame 3, a hydraulically driven fan 4, a running gear 5 and seven-tide seeders. Seed metering units are connected to the fan and distributor heads using material lines. Overall dimensions of the central pneumatic seeding system 4950*2600*1980 mm.
Covering part of a seeder with a working width of 8,2 m, consisting of three sections - central and two lateral. The row spacing is 650 mm and the coulter spacing in rows is 684 mm. The side section is 2270 mm long and 1970 mm wide. The length of the central section is 2270 mm and the width is 4076 mm.
The undercarriage of the seeder consists of four front pneumatic wheels that support the seeder in the working position, and two rear wheels for the transport position. A wheel with a tire assembly with a fork is installed in a parallelogram suspension bracket.
The seeder's hitch includes two lateral and four transverse bars and ears. Wedge-shaped rollers are assembled on the shaft using spacer sleeves, four batteries of five rollers and four batteries of four rollers each, rollers have bearing assemblies. The roller battery is installed in a frame that attaches to the main frame of the drill. The roller diameter is 550 mm, the roller width is 122 mm and the distance between them is 22,8 cm.
When developing the program and methodology for laboratory and field research of the developed seeder, the corresponding GOSTs were used [60, 61, 62].
The results of the agrotechnical evaluation of the work of the seeder for sowing grain crops with automated control of the technological process showed. At the experimental site, sowing of barley "Sabir" and the introduction of ammophos - 45% of the active substance by the developed experimental model of a wide-coverage seeder, control sowing with a serial seeder John Deere 1840
The seeding rate for barley is 170 kg/ha, and for fertilizers - 30 kg/ha. The depth of application of barley and fertilizers of the experimental model of the wide-grip seeder is 7 cm, the control seeding with the serial JohnDeere 1840 seeder at the same depth. The results of the experiments are recorded in the observation log.
The plant density on the test plots was counted twice during the growing season. The first count is carried out after full germination, and the second, before harvesting, the data are given in Table N.3 (Appendix N).
Analysis of the table in Table N.3 (Appendix N) shows that the germination rate on the plot sown by the experimental wide-coverage seeder is 84,6%, on the control plot the germination rate is 83,1%, that is, the germination capacity of the experimental wide-range seeder exceeds the serial one by 1.5% in germination. This means that the experimental press rollers create a dense layer of soil between the fertilizer granules and the sown material, thereby ensuring better contact of the seeds and fertilizer granules with the soil.
From table N.4 the following can be noted. The uniformity of the seed planting depth of the experimental wide-grip seeder is 4,18%, for the serial seeder 5,2%, that is, the experimental seeder surpasses the serial seeder by 1,02% in terms of uniformity of seed placement.
In terms of plant distribution over the feeding area, the experimental wide-coverage seeder surpasses the serial seeder by 1,1%.
The results of experiments on the energy evaluation of an experimental model of a wide-cut seeder are shown in Table N.5 (Appendix N). Analysis of laboratory and field studies shows that with an increase in the working speed for every 2 km/h, the traction resistance increases from 4,31% to 6,79%, and with an increase in the depth of seeding for every 2 cm, the traction resistance increases from 6,34% up to 8,06%. A similar dependence of fuel consumption on the depth of seeding and speed of movement (Table N.5, Appendix N).
The value of theoretical calculations of traction resistance differs from the experimental values of traction resistance from 3,7% to 5,1%, which confirms the reliability of the studies (Figure N.5, Appendix N).
Analysis of the theoretical dependences of the draft resistance of the experimental model of the embedding part of the wide-coverage seeder PK KATU-8.2 and the serial seeder JohnDeere 1840 shows that an increase in the operating speed for every 2 km/h the draft resistance of both seeders increases from 1,63% to 2,31% N.6-N.7 (Appendix N). If we compare the theoretical data on the draft resistance of seeders, we can draw the following conclusion: the draft resistance of the experimental model of the embedding part of the wide-coverage seeder is 11.3% less than that of the serial seeder. A decrease in traction resistance leads to a decrease in fuel consumption when using an experimental model of a seeder, Figures N.8-N.9 (Appendix N).
Calculation of the economic efficiency of a seeder for sowing grain crops with automated control of the technological process
The preliminary design characteristics of the developed seeder served as the initial data for determining the estimated economic efficiency of using the experimental model of the seeder. The economic efficiency of the pilot seeder was evaluated by comparing the reduced costs and the difference in output, tables N.6 and N.7 (Appendix N)
The analysis of tables N.6 and N.7 (Appendix N) shows that an experimental sample of a seeder for sowing grain crops with automated control of the technological process is cheaper by book value than a serial seeder by 13 237 500 tenge and operating costs are lower by 7705 tenge/ha compared to with serial.
The estimated annual economic effect from the use of the developed seeder amounted to 10 883 145 tenge, which is achieved by reducing operating costs and increasing the yield.
14 To develop an experimental model of a chisel-fertilizer for intra-soil differentiated application of the main doses of mineral fertilizers in the system of precision farming
An analysis of the mobility of the main nutrients and the structure of root development inside the soil made it possible to conclude that phosphorus fertilizers should be applied intrasoil, and not to the same depth. Due to the lack of spatial migration, they should be applied at different depths, in two or more tiers. Taking into account the seed placement depth of 5-7 cm, to ensure friendly seedlings, the starting dose of fertilizer should be applied at a distance of 8-10 cm from the day surface. This is the first tier. To stimulate the fastest growth of nodal roots, the second tier of fertilizer should be located at a depth of 16-18 cm. The third tier of fertilizer should facilitate further penetration of embryonic roots deep into the soil horizons, therefore, they are located at a depth of 25-27 cm, Figure P.1 (Appendix P).
For specific conditions, we recommend tier application of the main dose of mineral fertilizers by chisel working bodies to a depth of 6-25 cm with an inclined tape, Figure P.2 (Appendix P).
The developed constructive-technological scheme of the technical means for the intrasoil differentiated application of the main doses of mineral fertilizers in the precision farming system simultaneously solves the problems of differentiated plant nutrition and soil loosening at zero and minimum tillage.
The proposed design of the chisel fertilizer working body ensures the placement of fertilizers from 5 ... 6 cm from the soil surface and to a depth of 25 ... 27 cm with a tape width along the slope of 25 ... 29 cm.
12 working bodies are installed on the tool frame. The total coverage is 4.6 m. The tilt angle of the racks is 40-45 °. The distance between the posts - 400 mm, between the inclined fertilizer belts - 140 mm, Figure P.3 (Appendix P). Daily production is 25-30 hectares.
The distributor can work in tandem with the hopper of the seeding complex as a cultivator-fertilizer with a central seeding system, autonomously with its own hopper with individual metering units and as an implement for the main tillage.
Analyzing the action of forces during the movement of the working body of the ripper-fertilizer inside the soil, the dependence of the tractive effort on its design parameters and physical and mechanical properties of the soil was obtained:
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where  J – dynamic, pulsating soil resistance;  - cutting angle;  - friction angle; - working width; - loosening depth; - soil density; - wedge side edge length; - temporary soil compression resistance.
Analysis (1) shows that the tractive effort practically has a linear dependence on the cutting angle and the speed of movement of the unit itself and varies from 42,45 to 180,15 kg with a loosening depth h = 50 cm and a working width of 25 cm. from the condition of minimum tractive effort, the values of the cutting angle α = 16-20º and the unit speed υ = 1,8-2,0 m/s can be considered optimal.
On the basis of these parameters, working drawings of the prototype of the working body were developed. Laboratory studies were carried out to optimize its parameters. For experimental verification (1), dynamometry of the working body on the soil canal was carried out, Figures P.4, P.5 (Appendix P).
According to the result of dynamometry, the maximum force of one working body at a processing depth of 0,27 m was 1870 N, which confirms the satisfactory convergence of the data of theoretical and experimental studies (95,5%).
To develop a prototype chisel-fertilizer for intra-soil differentiated application of the main doses of mineral fertilizers in the precision farming system and working drawings of the prototype, including: general view, frame, trailer, working body, hopper, caster wheel support, support wheel lever, hook-on earring, wheel, hydraulic system.
The prototype chisel-fertilizer contains a parallelogram frame with inclined working bodies installed on it, support wheels, a bunker and a trailer (Figure P.6, Appendix P).
The frame has 12 working bodies in the form of an inclined rack with an inclination angle of 40-45 °. On the back of the inclined chisel body, a rectangular diffuser of mineral fertilizers is fixed, which ensures the distribution of mineral fertilizers inside the soil with an inclined tape to depths of 6 ... 8, 16 ... 18, 23 ... 25 cm.
The hopper is developed on the basis of the hopper of the SZS type seeder, while it is increased in width and height and 3 seeding devices are added. Bunker capacity increased from 0,415 to 1,0 м3. The sowing units are driven by a drive wheel by means of a chain drive and a continuously variable gearbox.
To determine the optimal parameters of the working body of the chisel-fertilizer, a full factorial experiment was carried out. The main indicators of the quality of the experimental chisel-fertilizer - the uneven distribution between the distributor taps H1 and the instability of the Н2 application depend on changes in the experimental conditions, i.e. a change in design and technological parameters leads to a change in the optimization parameters.
The input factors were: tilt angle, ; distributor tilt angle, ; step between dividers, mm; distributor width, b mm.
As a result of the experiments, the following parameters were established: the angle of inclination is 42◦, the angle of inclination of the separator is 28◦, the pitch between the separators is 15,5 mm, while the uniformity of distribution between the taps of the distributor is 3,22%.
Field tests of the machine were carried out on the stubble and steam backgrounds of the S. Seifullin KATU campus, Figure P.7 (Appendix P)
As a comparison, the protocol data of the acceptance tests of the RUN-4 «Mineral» cultivator-fertilizer, intended for the main processing of clean fallow and plow with the simultaneous subsoil application of the main dose of mineral fertilizers to a depth of 20 ... 22 cm, was taken.
The planting depth of the fertilizer and the width of the fertilizer belt are determined in the field. In the experimental plots, the soil layer (up to 35 cm) is moderately dry, in the middle horizon (5 ... 15 cm) its moisture content is not more than 14%, which is slightly lower than the optimal ATT (16-21%).
Under the noted conditions, the chisel fertilizer provides soil cultivation and simultaneously applies granular mineral fertilizers to depths of 6 ... 8, 16 ... 18, 23 ... 25 cm, Table P.1 (Appendix P).
To eliminate the identified drawback, when developing an experimental sample, it is proposed to redo the layout and get a drive from the front support wheel.
An experimental model of a chisel-fertilizer has been developed, containing a parallelogram frame with inclined working bodies installed on it, support wheels, a hopper and a trailer, Figure P.8 (Appendix P)
The process of movement of granules of mineral fertilizers without air supply in the distributor of the working body was modeled, with the help of which three-dimensional trajectories of air movement in the design model (streamlines and field of velocities, pressure) presented in Figures P.9 and P.10 (Appendix P) were obtained.
The analysis showed that the nature of the position of the lines in the upper part of the distributor is rectilinear, and the range of the line of jumps and waves increases as the mass of mineral fertilizers approaches the compartments (branches).
In the lower part of the distributor, the rate of pellet fallout is approximately uniform. This nature of the movement of the mass of mineral fertilizers leads to a more even distribution of granules in the outlets of the distributor of the working body and an even distribution of granules to different depths. The animation of the movement of granules of mineral fertilizers in the distributor allows us to visually assess the picture of the distribution of granules inside the distributor of the working body, which is presented in the electronic resource https://cloud.mail.ru/public/3Dwf/3pf9adrES.
Analysis of the movement of fertilizer granules due to gravitational forces inside the distributor of the working body shows that the second compartment has the highest speed and, accordingly, the amount of granules seeding. The 3rd compartment has the smallest speed and amount of seeding of fertilizer granules.
Analysis of the movement of fertilizer granules due to gravitational forces inside the distributor of the working body shows that the 2nd compartment has the highest speed and, accordingly, the amount of granules seeding. The 3rd compartment has the smallest speed and amount of seeding of fertilizer granules.
Field tests of the machine were carried out on the stubble and steam backgrounds of the North Kazakhstan Regional Chemical Treatment Plant in accordance with GOST 28714-2007 "Machines for applying mineral fertilizers. Test methods", Figure P.12, (Appendix P).
Before conducting the experiments, in accordance with GOST 20915-2011, the soil hardness was determined - in the fallow field it is 1.1 MPa, according to the stubble background it is more compacted to 2.1 MPa.
The operational and technological evaluation of the machine was carried out at a fertilization dose of 200 kg/ha. The dosing capacity of the devices is also determined on the upper - 400 kg/ha and the lower-50 kg/ha.
Under the noted conditions, the chisel-fertilizer provides soil cultivation and simultaneously introduces granular mineral fertilizers to depths of 6 ... 8, 16 ... 18, 23 ... 25 cm.The surface of the field after the passage of the chisel-fertilizer is characterized by a slight increase in ridging on the trail of working organs.
To determine the uneven distribution inside the soil, by means of the distributor taps of the working body, the extreme working body was freed from the fastening and installed so that it was above the soil during work. Special bags for collecting the applied fertilizer were attached to the outlets of the distributor, Figure P.13 (Appendix P).
Analysis of the results of determining the amount of seeding and uneven distribution of fertilizers in the compartments of the tier distributor of the working body shows that the largest amount of seeding is in the 2nd compartment (800 g/min), and the least amount of seeding is in the 3rd compartment, which confirms the results of the simulation of the movement the flow of fats inside the distributor of the working body, Figure P.14 (Appendix P). It should be noted that the smallest uneven seeding between the compartments is provided at increased reel speeds, i.e. at a seeding rate closer to 400 kg/ha, Figure P.15 (Appendix P).
The indicators of the quality of the technological process are given in Table P.2 (Appendix P).
Experiments have shown that the uneven distribution of fertilizers along the outlets of the distributor varies within 15 ... 43% and the largest amount of fertilizers falls into the second and third tiers, i.e. to depths of 15.5 ... 18.6 and 22 ... 27 cm [63].
15 Published articles
Within the framework of the program «Transfer and adaptation of technologies for point farming in the production of crop products on the principle of «demonstration farms» (polygons) in the North Kazakhstan region» it was published:
- in 2019, 21 articles, of which: in journals included in the Scopus databases - 1, included in the list of journals recommended by KOKSON - 5, in international conferences - 12, in other publications 3, 1 patent of the Republic of Kazakhstan was received.
- in 2020, 4 recommendations, 29 articles, of which: in journals included in the Scopus databases - 1, included in the list of journals recommended by KOKSON - 8, in journals included in the RSCI databases - 5, in international conferences - 13, received 1 patent of the Republic of Kazakhstan. List of published articles in Appendix Q.	
Within the framework of the program, a certificate was received on entering into the state register of rights to objects protected by copyright for computer programs «Program of operation of the device for collecting data on soil moisture and temperature and transmitting them over the LoRawan network» (№12465 dated October 09, 2020).
Patent for invention No. 34515 was received, bulletin №33 dated August 21, 2020 and on October 7, 2020 patent application №2020/0684.1 for a wide-area seeder was filed.
A scientific exhibition was organized on the basis of «North-Kazakhstan Agricultural Experimental Station» LLP within the framework of the field day “Results of the application of precision farming technology in the conditions of the North-Kazakhstan region”. Research work for the period 2018-2020 the year was held according to the approved calendar plan, Appendix R. Implementation act has been received, Appendix S.



CONCLUSION
When developing a precision farming system for the climatic conditions of the North Kazakhstan region a number of serious shortcomings were identified:
- the term «precision farming» in literary sources and in everyday use is quite often identified with the concept of «precision farming system». However, these are not synonyms, but two completely different interpretations, the essence of which is not reflected clearly enough in the modern classification of farming systems. The facts of unreasonable and arbitrary changes in the order of interpretation of the very terms «precision farming» and «precision farming system» create certain difficulties and confusion in research, which, ultimately, can lead not only to wrong conclusions, but also erroneous actions;
- the information and technological base of foreign developments in the field of precision farming does not fully correspond to the soil and climatic conditions of Northern Kazakhstan. In the north of Kazakhstan, when developing a system of precision farming, one cannot rely only on the use of high-tech means of production - machines and agricultural equipment equipped with modern software controls. When conducting research, it is necessary to pay great attention to such a means of production as a variety of agricultural crops;
- the experimental data obtained on the basis of this program allow us to conclude that without a crop variety that meets the requirements of intensive farming, the developed precision farming system will not allow to bring domestic agriculture closer to the level at which it is already possible to compete with foreign producers;
- agricultural production of the North Kazakhstan region requires fundamentally new varieties - varieties of grain crops of an intensive type, which would have a high responsiveness to a high agrotechnical background and which would not turn 2/3 of fertilizers into straw. In addition, these varieties should have early maturity, be resistant to lodging, diseases and pests, and contribute to obtaining high-quality products. There are no such varieties in the production arsenal of Northern Kazakhstan;
- the introduction into production of new varieties of grain crops that meet the requirements of intensive farming is possible through selection. However, this will take a long time. A relatively quick solution to this problem is to carry out a wide ecological test of grain varieties from the countries of near and far abroad in the climatic conditions of the North Kazakhstan region. At the same time, the environmental testing of these varieties will need to be carried out not only against a high agrotechnical background (backgrounds with different doses of mineral fertilizers), but also against a background in which there are no mineral fertilizers;
- the development of a precision farming system for the North Kazakhstan region requires the study of a scientifically grounded alternation of agricultural crops in field crop rotations based on the principles of fruit change;
- the system of crop rotation with permanent cultivation of grain crops or with their random alternation is unacceptable for precision farming in the North Kazakhstan region;
- the system of precision farming in the North Kazakhstan region should not be based on the principles of soil conservation agriculture - No-Till. This is due to a number of reasons: this system does not meet the requirements of intensive production; has a negative impact on the environment; does not contribute to obtaining high yields of grain crops; soil protection system - No-Till promotes the formation of estuaries on the surface of arable land, which leads to waterlogging of the surface soil layer.
During the period of operation of this program (2018-2019), studies were carried out on the basis of demonstration sites, which were located on an area of 24 hectares. In total, 32 sites were involved in the research, 8 sites for each crop: wheat, barley, corn, soybeans. As a result of the research, it was established:
- in the crops of spring wheat and spring barley, backgrounds with an optimal phosphorus content in the soil had a clear advantage over other backgrounds. The total increase in wheat yield at the optimal background in relation to the control due to the effect of 2019 and the aftereffect of 2020 was – 28,5 c/ha, at a dose of Р60 - 14 c/ha; the total increase in the yield of spring barley for 2 years (year of action + aftereffect) was 16.1 c/ha in dose - Р60, and 30.4 c/ha according to the optimal background in relation to the control. As a result, over 2 years of research, taking into account the aftereffect of Р60, wheat productivity increased by 32%, and Ropt by 65%. For barley, respectively, Р60 by 26%, and Ropt 50%;
- when processing spring wheat varieties with growth stimulants, the increase in yield to the control variant was: + 9,2 c/ha - White Pearl, + 7,6 c/ha - Atonic Plus (Astana spring wheat variety); + 9,4 c/ha - White Pearl, + 9,5 c/ha - Atonic Plus (spring wheat variety Karagandinskaya 30); + 4,6 c/ha - White Pearl, + 6,3 c/ha - Atonic Plus (spring wheat variety Karagandinskaya 60);
- when processing spring triticale varieties with growth stimulants, the increase in yield to the control variant was: + 5,1 c/ha - White Pearl, + 5,7 c/ha - Atonic Plus (spring triticale variety Dauren); + 3,7 c/ha - White Pearl, + 2,7 c/ha - Atonic Plus (spring triticale variety Rossica);
- when treating soybean varieties with growth stimulants, the increase in yield to the control variant was: + 3,2 c/ha - variety Otan, + 3,6 c/ha - variety Nur (White Pearl); + 3,3 c/ha - grade Otan, + 3,5 c/ha - grade Nur (Atonic Plus);
- when processing the Tekni corn hybrid with growth stimulants, the yield increase over the control variant was: + 5,6 c / ha (White Pearl); + 6,7 c / ha (Atonic Plus).
The average yield of wheat varieties within the production fields in the climatic conditions of 2020 was characterized by a high degree of heterogeneity:
- according to the steam predecessor, the minimum yield within one field was 24,9 c/ha (spring wheat variety Karabalykskaya 20), within the other it was maximum and was at the level of 42,7 c/ha (spring wheat variety Astana);
- for non-fallow predecessors, the minimum yield indicator within one field was 17,6 c/ha (variety of spring wheat Karabalykskaya 20), within another field it reached 38,7 c/ha (variety Shortandinskaya 2012);
- the average yield of spring wheat in production crops of «North-Kazakhstan Agricultural Experimental Station» LLP for steam and non-steam predecessors in 2020 on an area of 10,000 hectares was – 30,8 c/ha;
- in production crops of North-Kazakhstan Agricultural Experimental Station LLP, the predominant types of weeds in agrocenoses were: Canada thistle (Cirsium arvense), milk thistle (Sónchus arvénsis), barnyard grass (Echinóchloa crus-gálli), oat grass (Avena fatua), corn lily (Convоlvulus arvēnsis), blue lettuce (Lactúca tatárica), leafy spurge (Euphórbia virgáta), European stickseed (Lappula  squarrosa); and etc;
- the presence of Fusarium root rot pathogens (Fusarium graminearum, F. culmorum) was observed annually on wheat seeds; the presence of pathogens of common (Drechslera teres) and fusarium (Fusarium avenaceum) root rot and molds (Penicillium sp., Aspergillus spp., Botritis cenerea, Mucor spp., etc.);
-  in the production seedlings, a strong potential soil contamination with weed seeds was noted. In the 0-30 cm soil layer, the weediness of crops was within the range from 64 to 73 million viable seeds per 1 hectare;
- in industrial crops, aerogenic infections, such as helminthosporium leaf spot, septoria blight, brown leaf rust, cause significant damage to grain crops;
- pests became widespread in cereal crops: Hessian fly, common drunkard, wheat thrips, barley miner and cereal aphids. Taking into account the physiological state of caterpillars of the gray grain moth before wintering and with their successful overwintering, local outbreaks of the pest should be expected in 2021;
- according to the results of monitoring surveys in the production crops of «North-Kazakhstan Agricultural Enterprise» LLP, the presence of quarantine organisms has not been established.
During the period of research for the territory of LLP «North Kazakhstan Agricultural Experimental Station» an automatic download of satellite images was developed. On some sites in this farm, the electronic field boundaries were updated. The results of the measures taken showed that changes in the areas of fields on the farm are mainly associated with deformation of estuaries. It should be noted that the area of the fields changed both in the positive direction and in the negative. The total adjusted area for 2020 along the electronic boundaries of the fields of 2019 was 9 678,0 ha, that is, it decreased by 158,7 ha (9 836,7 – 9 678,0 ꞊ 158,7). The obtained electronic layers of the field boundaries of «North-Kazakhstan Agricultural Experimental Station» LLP made it possible to create a complex electronic map, which was recommended to the specialists of «North-Kazakhstan Agricultural Experimental Station» LLP for use in the field of agricultural production management and planning, agricultural production inventory, crop yield accounting. Taking into account the requirements of precision farming, technological maps of the cultivation of agricultural crops have been developed. For agronomists of farms in the North Kazakhstan region, an automated decision support system (a package of applied programs) has been developed. The characteristics of modern navigation systems are given and the results of their tests are presented. On the basis of mathematical calculations, it is shown that by increasing the yield of agricultural crops and reducing labor costs, in the production of wheat, barley, corn and soybeans in the precision farming system, labor productivity can increase by 2,0-2,5 times. Based on this report, a package of applied programs for informatization, digitalization and optimization of business decisions has been developed. Tests of machines and equipment have been carried out. A prototype seeder and an experimental chisel-fertilizer were made. Within the framework of this program 10 seminars and 2 field days were held with the involvement of 656 listeners. During the period of research on the basis of this program, 4 recommendations were prepared, 50 scientific aritcles were published, 10 PhD doctors, 15 masters and 22 students were prepared.	
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APPENDIX А
Data on the creation of pilot demonstration sites

  Table A.1 – Содержание подвижного фосфора в слое 0-20 см на демонстрационных площадках,  мг/кг почвы, 2019 г.
	Номер площадки
	Фоны
	Р2О5, мг/кг почвы

	
	
	Пшеница
	Ячмень
	Соя
	Кукуруза

	1
	О (без удобр)
	20,7
	19,8
	18,4
	19,6

	2
	Р60
	27,1
	25,8
	20,6
	24,5

	3
	Ропт
	33,8
	35,9
	29,4
	32,2

	4
	Роптх
	32,6
	34,3
	32,4
	33,1

	5
	Р90
	31,6
	25,8
	26,1
	27,8

	6
	О (без удобр)
	19,2
	21,7
	18,4
	19,8

	7
	Р60
	25,5
	24,5
	24,4
	26,3

	8
	Ропт
	33,0
	33,5
	33,0
	33,2


	
Table A.2 – Содержание азота нитратов на демонстрационных площадках,  мг/кг почвы 
	Номер площадки
	Фоны 
	Слой почвы 
	N-NO3, мг/кг почвы

	
	
	
	Пшеница
	Ячмень
	Соя
	Кукуруза

	1
	О
	0-20
	29,9
	24,3
	25,6
	26,9

	
	
	20-40
	17,4
	23,7
	21,0
	20,4

	
	
	0-40
	23,7
	24,0
	23,0
	23,6

	6
	О
	0-20
	19,1
	24,6
	26,9
	24,3

	
	
	20-40
	11,5
	18,5
	20,4
	15,1

	
	
	0-40
	15,3
	21,5
	23,6
	19,7



	Table A.3 – Урожайность пшеницы  на демонстрационных площадках, 2019 год

	Фоны
	Длинна прохода, м
	Ширина, м
	Учетная S, м2
	Намолот зерн кг/м2
	Бункерн вес, ц/га
	Засорен-ность %
	Влажность, %
	Рефакция, %
	Урож.с учетом рефак.
ц/га
	Р2О5, мг/кг

	I-контроль
	56,7
	2,28
	129,2
	34,3
	26,5
	0,16
	18,5
	4,66
	25,3
	20,7

	 II –Р60
	56,8
	2,28
	129,4
	44,9
	34,7
	0,14
	18,3
	4,44
	33,2
	27,1

	III-Ропт
	57,0
	2,28
	130,0
	51,6
	39,7
	0,14
	17,8
	3,92
	38,1
	33,8

	IV- Ропт
	57,8
	2,28
	131,8
	48,4
	36,7
	0,16
	18,2
	4,36
	35,1
	32,6

	V-Р90
	58,3
	2,28
	132,8
	47,5
	35,7
	0,14
	18,1
	4,24
	34,2
	31,6

	Урожай ячменя  на демонстрационных площадках  2019 года

	I
	58,4
	2,28
	133,0
	52,3
	39,3
	0,0
	18,9
	4,9
	37,4
	19,8

	 II
	56,7
	2,28
	129,3
	62,5
	48,3
	0,0
	19,2
	5,2
	45,8
	25,8

	III 
	54,8
	2,28
	124,8
	72,1
	57,8
	0,0
	18,8
	4,8
	55,0
	35,9

	IV 
	53,1
	2,28
	121,0
	57,1
	47,2
	0,0
	19,0
	5,0
	44,8
	34,3

	V 
	50,5
	2,28
	115,1
	54,5
	47,4
	0,0
	18,4
	4,4
	45,3
	25,8





	Table A.4 - Урожайность пшеницы  на демонстрационных площадках, 2019 год

	Фоны
	Длинна прохода, м
	Ширина, м
	Учетная S, м2
	Намолот зерн кг/м2
	Бункерн вес, ц/га
	Засорен-ность %
	Влажность, %
	Рефакция, %
	Урож.с учетом рефак.
ц/га
	Р2О5, мг/кг

	I-контроль
	56,7
	2,28
	129,2
	34,3
	26,5
	0,16
	18,5
	4,66
	25,3
	20,7

	 II –Р60
	56,8
	2,28
	129,4
	44,9
	34,7
	0,14
	18,3
	4,44
	33,2
	27,1

	III-Ропт
	57,0
	2,28
	130,0
	51,6
	39,7
	0,14
	17,8
	3,92
	38,1
	33,8

	IV- Ропт
	57,8
	2,28
	131,8
	48,4
	36,7
	0,16
	18,2
	4,36
	35,1
	32,6

	V-Р90
	58,3
	2,28
	132,8
	47,5
	35,7
	0,14
	18,1
	4,24
	34,2
	31,6

	VI-контроль
	58,4
	2,28
	133,0
	36,2
	27,2
	0,14
	18,7
	4,84
	25,9
	19,2

	VII-
	58,5
	2,28
	133,4
	47,3
	35,4
	0,15
	18,6
	4,75
	33,8
	30,0

	VIII
	57,9
	2,28
	131,9
	50,9
	38,6
	0,15
	18,2
	4,35
	36,9
	33,0

	Урожай ячменя  на демонстрационных площадках  2019 года

	I
	58,4
	2,28
	133,0
	52,3
	39,3
	0,0
	18,9
	4,9
	37,4
	19,8

	 II
	56,7
	2,28
	129,3
	62,5
	48,3
	0,0
	19,2
	5,2
	45,8
	25,8

	III 
	54,8
	2,28
	124,8
	72,1
	57,8
	0,0
	18,8
	4,8
	55,0
	35,9

	IV 
	53,1
	2,28
	121,0
	57,1
	47,2
	0,0
	19,0
	5,0
	44,8
	34,3

	V 
	50,5
	2,28
	115,1
	54,5
	47,4
	0,0
	18,4
	4,4
	45,3
	25,8

	VII 
	47,4
	2,28
	108,0
	52,5
	48,6
	0,0
	18,0
	4,0
	46,6
	24,5

	VIII 
	46,5
	2,28
	106,0
	54,6
	51,5
	0,0
	18,3
	4,3
	49,3
	33,5



Table A.5 - Структурный анализ пшеницы (по 20 растениям)
	
	Фоны

	
	Пшеница
	О
	Р60
	Ропт (3)

	1
	Общая кустистость 
	1,2
	1,85
	1,89

	2
	Продуктивная кустистость
	1,2
	1,81
	1,84

	3
	Озерненость 1 колоса, шт
	30,86
	31,86
	32,75

	4
	Масса 1000 семян, г
	30,86
	31,86
	32,75

	5
	Биологическая продуктивность, г/м2
	264,3
	457,2
	623,0



 Table A.6 - Структурный анализ ячменя (по 20 растениям)
	
	Фоны

	
	Ячмень
	О
	Р60
	Ропт (8)

	1
	Общая кустистость 
	1,5
	2,15
	2,65

	2
	Продуктивная кустистость
	1,5
	2,1
	2,52

	3
	Озерненость 1 колоса, шт
	17,53
	35,53
	37,47

	4
	Масса 1000 семян, г
	46,47
	49,82
	47,94

	5
	Биологическая продуктивность г/м2
	405,7
	881,6
	894,4





Table A.7 -  Качество зерна яровой пшеницы по фонам, 2019  г.  
	Фоны / доза
	Р2О5 мг/кг
	Натура, г/л
	Белок, %
	Сырая клейковина
	Число падения, с

	
	
	
	
	Содержание, %
	ИДК
	

	1 – О
	20,7
	777
	14,17
	20,2
	47,3
	464,7

	2 – Р60
	27,1
	776
	14,47
	26,72
	34,4
	459,7

	8 – Р150
	33,0
	780
	15,45
	31,8
	42.2
	491,5



Table A.8 -  Экономическая эффективность применения удобрений под пшеницу,2019 г
	Фоны
	Р2О5, мг/кг
	Урож., ц/га
	Прибавка, ц/га
	Стоимость доп.продукции, тг
	Затраты на удобр, тг
(1/4)
	Чистый доход тг
	Окуп.затрат, тг
	Рентабельность, %

	O
	20,7
	25,3
	 
	 
	 
	 
	 
	 

	P60
	27,1
	33,2
	7,9
	69520
	17771
	51749
	3,91
	291

	Р90
	31,6
	34,2
	8,9
	78320
	17317
	61003
	3,5
	452

	Ропт
	33,8
	38,1
	12,8
	112640
	21874
	90766
	5,15
	415



Table A.9 - Экономическая эффективность применения удобрений под пшеницу, 2019 г
	Фоны
	Р2О5, мг/кг
	Урож., ц/га
	Прибавка, ц/га
	Стоимость доп.продукции, тг
	Затраты на удобр, тг
(1/4)
	Чистый доход тг
	Окуп.затрат, тг
	Рентабельность, %

	O
	20,7
	25,3
	 
	 
	 
	 
	 
	 

	P60
	27,1
	33,2
	7,9
	69520
	5078
	64442
	13,7
	1269

	Р90
	31,6
	34,2
	8,9
	78320
	4948
	73372
	15,8
	1483

	Ропт
	33,8
	38,1
	12,8
	112640
	6250
	106390
	18,0
	1702



Table A.10 - Экономическая эффективность применения удобрений под ячмень
	Фоны
	Р2О5, мг/кг
	Урожайность, ц/га
	Прибавка, ц/га
	Стоимость допл.продукции, тг
	Затраты на удоб рения, тг
	Чистый доход, тг
	Окуп-ть затрат, тг
	Рента бельность, %

	O
	19,8
	37,4
	 
	 
	 
	 
	 
	 

	P60
	25,8
	45,8
	8,4
	45360
	5078,13
	40282
	8,9
	793

	Ропт
	35,9
	55
	17,6
	95040
	6250
	88790
	15,2
	1421

	Ропт
	33,5
	49,3
	11,9
	64260
	6250
	58010
	10,3
	928



Table A.11 - Содержание подвижного фосфора на демонстрационных площадках в слое 0-20 см в предпосевной период 2020 г, мг/кг почвы 
	№ площадки
	Фон
	Р2О5

	
	
	Пшеница
	Ячмень
	Кукуруза
	Соя

	1
	О
	17,3
	17,4
	23,9
	15,3

	2
	Р60 –последействие
	22,5
	23,7
	30,1
	21,5

	3
	Ропт –действие 
	36,0*
	36,5*
	36,4*
	34,5*

	4
	Ропт- последействие
	31 ,2
	28,8
	25,8
	26,7

	5
	Р90 – последействие
	25,5
	28,5
	26,7
	24,2

	6
	О
	14,3
	17,1
	18,2
	19,3

	7
	Р60 – послед-е+Р80
	24,7*
	30,0*
	32,0*
	28,6*

	8
	Ропт –последействие
	26,1
	28,8
	26,9
	34,7



62

	Table A.12 - Урожай пшеницы  на демонстрационных площадках  2020 года

	№ фона /  площадки
	Длинна проходам
	Ширина,м
	Учетная площадь, м2
	Намолот, кг зерна с учетн., м2
	Бункер. Вес, ц/га
	Засорен-ность, %
	Влажность зерна, %
	Бонифи-кация %
	Урожай-ность, ц/га
	Р2О5, мг/кг

	I – O (контр)
	58,4
	2,28
	133,2
	24,20
	18,2
	0,6
	12,3
	1,1
	18,4
	17,3

	II-P60 п/д-е
	58,5
	2,28
	133,4
	32,50
	24,4
	0,5
	12,1
	1,4
	24,7
	22,5

	III – Ропт
	58,5
	2,28
	133,4
	44,60
	33,44
	0,5
	11,6
	1,9
	34,1
	36,0

	IV – п/д Ропт
	58,9
	2,28
	134,2
	41,03
	30,57
	0,6
	11,6
	1,8
	31,1
	31,2

	V –пд Р90
	59,3
	2,28
	135,3
	35,73
	26,41
	0,8
	11,5
	1,7
	26,9
	25,5

	VI –О (б/у)
	59,7
	2,28
	136,2
	20,18
	14,82
	0,5
	12,1
	1,4
	15,0
	14,3

	VII  пд Р60+80
	59,4
	2,28
	135,3
	35,40
	26,16
	0,5
	12,4
	1,2
	26,5
	24,7

	
Table A.13 - Урожай ячменя  на демонстрационных площадках  2020 года

	№ фона /  площадки
	Длинна проходам
	Ширина,м
	Учетная площадь, м2
	Намолот, кг зерна с учетн., м2
	Бункер. Вес, ц/га
	Засорен-ность, %
	Влажность зерна, %
	Рефакция, %
	Урожай-ность, ц/га
	Р2О5, мг/кг

	I – O (контр)
	58,7
	1,84
	108,0
	30,9
	28,6
	0,0
	24,2
	10,2
	24,0
	17,4

	II-P60 п/д-е
	59,1
	1,84
	108,7
	37,3
	34,3
	0,0
	21,5
	7,5
	31,8
	23,7

	III – Ропт
	58,7
	1,84
	108,0
	45,2
	41,8
	0,0
	23,0
	9,0
	38,1
	36,5

	IV – п/д Ропт
	58,5
	1,84
	107,6
	43,0
	40,0
	0,0
	21,9
	7,9
	36,8
	28,8

	V –пд Р90
	58,3
	1,84
	107,2
	39,4
	36,7
	0,0
	22,3
	8,3
	33,6
	28,5

	VI –О (б/у)
	57,8
	1,84
	106,3
	29,7
	28,0
	0,0
	23,6
	9,6
	25,3
	17,1

	VII  пд Р60+80
	57,9
	1,84
	106,6
	45,1
	42,3
	0,0
	21,4
	7,4
	39,1
	30,0



Table A.14 – Экономическая эффективность применения удобрений под пшеницу в 2019 году с учетом последействия в 2020 году  и качества зерна (1 класс -12000тг/ц, 2 класс-10500тг/ц, 3 класс 8700 тг/ц, все затраты отнесены на 2 года)
	Фо
ны
	S урож за 2 г, ц/га
	Прибавка за 2 г, ц/га
	Стоим.допл.продукции, тг
	Затраты на внесение удобр, тг
	Чистый доход, тг
	Окупаемость затрать, тг
	Рентабельность, %

	O
	43,7
	-
	
	
	
	
	

	P60 
	57,9
	14,2
	149100
	22750
	126350
	6,55
	555

	Ропт
	69,2
	25,5
	306000
	57050
	248950
	5,4
	436



Table A.15 – Влияние удобрений на продуктивность сои, 2019 г
	Фон
	Вес зерна, г/м2
	Влажность, %
	Бонификация, %
	Урожайность с учетом бонификации, ц/га
	Р2О5, мг/кг

	О (без удобр.)
	198,4
	12,3
	1,8
	20,2
	18,4

	Р60 п/д
	233,0
	12,5
	1,5
	23,7
	24,4

	Р90  п/д
	248,8
	12,2
	1,8
	25,4
	26,1

	Р150 п/д
	291,2
	13,3
	0,7
	29,3
	33,0

	Влияние удобрений на продуктивность сои, 2020 г

	О (без удобр.)
	88,1
	11,8
	
	9,0
	15,3

	Р60 п/д
	97,6
	11,9
	
	9,8
	21,5

	Р90  п/д
	97,6
	11,9
	
	10,1
	26,7

	Р150 п/д
	102,5
	11,9
	
	10,4
	24,2



Table A.16 – Реакция кукурузы на условия фосфорного питания, 2019 г
	Фон
	Вес снопа, кг/м2
	Кол-во початков, шт/м2  
	Вес по –чатков,
кг
	Длина початков, см
	%, массы  початков к зеленой массе
	Урож-ть
зеленой массы, ц/га
	Содержание
Р2О5

	I-O
	7,2
	22,7
	2,3
	17,3
	32,6
	204,8
	19,6

	II-Р60 п/д
	8,0
	25,7
	2,7
	16,9
	33,9
	227,6
	24,5

	III-Ропт
	9,7
	30,0
	4,0
	17,9
	41,0
	276,2
	32,2

	IV- Ропт п/д
	11,4
	34,0
	3,9
	18,5
	33,8
	325,7
	33,1

	Урожайность кукурузы,  2020 год

	I-O
	4,97
	9,67
	1,43
	20,6
	27,8
	496,7
	23,9

	II-Р60 п/д
	5,23
	9,33
	1,43
	20,3
	27,7
	523,3
	30,1

	III-Ропт
	6,37
	12,23
	1,93
	21,8
	35,4
	636,7
	36,4

	IV- Ропт п/д
	5,27
	10,00
	1,43
	20,23
	27,3
	526,7
	25,8





Figure A.1 - График вегетации посевов 2018 года

Figure A.2 - График вегетации посевов 2019 года
[image: ]
Figure A.3 – График вегетации посевов пшеницы, 2020 год
[image: ]
Figure A.4 – Архив погоды станции Смирново
[image: ]
Figure A.5 – Значение вегетационного индекса на 16.07.2020 года
[image: ]
Figure A.6 – Значение вегетационного индекса на 29.07.2020
	[image: D:\ПЦФ\Растениеводство\Фото\IMG_3419.JPG]
Figure A.7 - Семинар по точному земледелию
	[image: D:\ПЦФ\Растениеводство\Фото\IMG_3470.JPG]
Figure A.8 - Слушатели семинара 29 октября 2018 г.

	[image: D:\ПЦФ\Растениеводство\Фото\IMG_3469.JPG]
Figure A.9 - Вручение сертификатов
	[image: C:\Users\ww\Desktop\KATU-2019\ПЦФ\ПЦФ по Точному земледелию\1 Семинар\IMG_3608.JPG]
Figure A.10 - Семинар от 19 апреля 2019 г.

	[image: C:\Users\ww\Desktop\KATU-2019\ПЦФ\ПЦФ по Точному земледелию\1 Семинар\IMG_3607.JPG]
 Figure A.11 - Эксперт по ГИС и ДЗЗ Валиева Ш.К.
	[image: C:\Users\ww\Desktop\KATU-2019\ПЦФ\ПЦФ по Точному земледелию\1 Семинар\IMG_3661.JPG]Figure A.12 - Слушатели семинара

	[image: C:\Users\ww\Desktop\KATU-2019\ПЦФ\ПЦФ по Точному земледелию\2 Семинар\ФОТО\IMG_4243.JPG]
Figure A.13 - Теоретическая часть
 Дня поля
	[image: C:\Users\ww\Desktop\KATU-2019\ПЦФ\ПЦФ по Точному земледелию\2 Семинар\ФОТО\IMG_4230.JPG]
Figure A.14 - Аким СКО на Дне поля


	[image: C:\Users\ww\Desktop\KATU-2019\ПЦФ\ПЦФ по Точному земледелию\2 Семинар_День поля\ФОТО\IMG_4199.JPG]
Figure A.15 - Демонстрация посевов по точному земледелию на Дне поля 
	[image: C:\Users\Пользователь\Desktop\ПЦФ по растениеводству\СЕМИНАРЫ 2019 года\СЕМИНАР 2\ФОТО\IMG_4224.JPG]
 Figure A.16 - Метеостанция, установленная 
в рамках программы 

	[image: На изображении может находиться: 16 человек, в том числе Дулат Халел, люди сидят и в помещении]
Figure A.17 - Семинар на базе СК СХОС
от 10 марта 2020 года
	 [image: C:\Users\ww\Downloads\be5c9d21-282e-4035-97ac-e02308d068d8.JPG]
Figure A.18 - Онлайн-семинар
от 15 апреля 2020 г.



Table A.17 - Основные мероприятия по распространению знаний, проведенные в рамках программы за 2018 - 2020 годы 
	№
	Наименование семинара и Дня поля
	Кол-во слушателей
	Дата проведения

	1
	Применение цифровых технологий в растениеводстве       
	18
	26 октября 2018 г.

	2
	Элементы точного земледелия - основа повышения продуктивности сельскохозяйственных культур       
	25
	19 апреля 2019 г.

	3
	ДЕНЬ ПОЛЯ:   «Применение элементов технологии точного земледелия в СК СХОС»
	300
	14 августа 2019 г.

	4
	Результаты применения технологии точного земледелия в Северо-Казахстанской сельскохозяйственной опытной станции    
	25
	30 октября 2019 г.

	5
	Агрохимический анализ и повышение плодородия почвы  в системе точного земледелия.   
	39
	10 марта
2020 г.

	6
	Создание условий для качественного посева семян в системе точного земледелия
	15
	15 апреля
2020 г.

	7
	Комплексный агрохимический анализ почвы и дифференцированное внесение минеральных удобрений при проведении весенне-полевых работ. 
	27
	22 апреля
2020 г.

	8
	Перспективные кормовые культуры для условий Северного Казахстана
	28
	29 апреля
2020 г.

	9
	Возделывание масличных культур (лен, рапс) в Северных регионах Казахстана  
	15
	7 мая
2020 г.

	10
	Применение ГИС-технологий и дистанционного зондирования Земли в агропромышленном комплексе
	47
	13 мая
2020 г.

	11
	Цифровые электронные карты полей и создание агрохимических картограмм с использованием ГИС-технологий
	59
	8 июня
2020 г.

	12
	ДЕНЬ ПОЛЯ:   «Результаты применения технологии точного земледелия в условиях  Северо-Казахстанской области на базе ТОО «Северо-Казахстанская сельскохозяйственная опытная станция»    
	58
	10 августа
2020 г.

	
	ИТОГО
	656
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Figure A.19 - Демонстрация техники
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Figure A.20 - Сравнительные варианты опытов
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Figure A.21 - Онлайн выступления экспертов по точному земледелию
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Figure A.22 - Подготовка к запуску БПЛА



Table A.18 – Результаты фитоэкспертизы семян (ТОО «Северо-Казахстанская СХОС», Северо-Казахстанская область, 2019-2020 гг.)
	Культура, репродукция, сорт
	Лабораторная всхожесть, %
	Инфициро-ванность 
семян, %
	Возбудители 
болезней

	Пшеница, элита, Карабалыкская 20, 
	96,0
	10,0
	Fusarium spp., Alternaria spp., Penicillium spр.

	Пшеница, элита, Шортандинская 2012
	95,0
	14,0
	Fusarium spp., Bipolaris sorokiniana, Alternaria spp., Mucor spp.

	Пшеница, элита, Астана
	94,0
	12,0
	Fusarium spp., Alternaria spp., Aspergillus spp.

	Пшеница твердая, супер элита, Дамсинская янтарная 
	96,0
	9,0
	Fusarium spp., Alternaria spp., Penicillium spр., Aspergillus spp.

	Ячмень, элита, 
Целинный 2005
	93,0
	10,0
	Drechslera teres, Alternaria spp., Botritis cenerea

	Овес, элита
Мирный
	93,0
	8,0
	Fusarium spp., Alternaria spp., Aspergillus spp., Mucor spp.
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А - Пшеница, сорт Карабалыкская 20; Б - Пшеница, сорт Шортандинская 2012; 
В - Твердая пшеница, Дамсинская янтарная; Г - Ячмень сорт Сабир
Figure A.23 - Поражение семян зерновых культур фитопатогенами
(проращивании на питательных средах) 
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А – гельминтоспориоз; Б – септориоз; В – бурая ржавчина на посевах пшеницы; Г –септориоз и Д – гельминтоспориоз на посевах тритикале; Е – гельминтоспориозно-альтернариозные пятнистости на посевах ячменя

Figure A.24 - Болезни зерновых культур в период роста и развития растений
Table A.19 – Распространенные болезни на посевах зерновых культур (ТОО «Северо-Казахстанская СХОС, Северо-Казахстанская область, 2019-2020 гг.)
	Культура
	Фаза развития
	Болезни
	Рапростра-нение ,%
	Развитие,
%

	2019 год

	
Яровая пшеница 
	кущение
	гельминтоспориозная пятнистость листьев
	55,4
	10,0

	
	выход в трубку
	септориоз
	55,5
	10,4

	
	начало налива
	бурая листовая ржавчина
	50,0
	21,0

	Ячмень 
	кущение – 
выход в трубку
	сетчатая пятнистость
	52,8
	15,0

	Тритикале 
	налив
	септориоз
	67,0
	25,0

	2020 год

	Яровая пшеница
	кущение
	гельминтоспориозная пятнистость листьев
	18,8
	10,0

	
	выход в трубку
	септориоз
	43,4
	7,0

	Ячмень 
	кущение –выход в трубку
	гельминтоспорио- альтернариозная пятнистость листьев
	19,0
	10,0

	Тритикале 
	кущение –выход в трубку
	гельминтоспориозно-альтернариозная пятнистость листьев
	16,0
	7,5
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А – повреждение всходов хлебной полосатой блошкой; Б – колонии злаковых тлей на колосе пшеницы; В – имаго пшеничного трипса на растении (уровень ЭПВ); Г – повреждение листьев ячменя ячменным минером; Д – повреждение стеблей гессенской мухой; Е – повреждение листьев твердой пшеницы, ячменя личинками и жуками пьявицы обыкновенной
Figure A.25 - Вредители зерновых культур
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Figure A.26 - Установка метеостанции на полях СК СХОС
[image: ][image: ]
Figure A.27 - Метеорологические данные, получаемые со станции в СК СХОС с.Шагалалы
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Figure A.28 - Температура воздуха, град С. (зеленый), Уровень ультрафиолета, Вт/м2(желтый)
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Figure A.29 - Прогноз на 3 последующих дня, получаемые с метеостанции в СК СХОС
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Figure A.30 - Роза ветров 12 октября 2020 г.
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Figure A.31 - Фотоснимок со встроенной веб-камеры на метеостанции (13 мая 2019г)
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Figure A.32 - Расположение беспроводных модулей выносных датчиков (БМВД) влажности и температуры почвы (в 2019 году)
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Figure A.33 - Установка датчиков на глубину (75, 50 и 25 см), подключение к БМВД
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Figure A.34 - Конфигуратор для настройки модуля беспроводного модуля выносных датчиков
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Figure A.35 - Данные по влажности и температуры почвы для метки №3 (Ex4)
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Figure A.36 - Влажность почвы в точке Ex4 демонстрационного поля, на глубине 75 см, август 2019
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Figure A.37 - Подъем антенн LoRa у метеостанции и БМВД на дополнительную высоту
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Figure A.38 - Спектральный анализ радиоканала 

Table A.20 Данные с датчиков влажности и температуры почвы БМВД СОКОЛ-M1 СК СХОС от 26 июня 2020 года, в градусах Цельсия и процентах относительной влажности почвы
	Дата и время
	Влажность почвы в точке Ex0 (глубина 50 см)
	Температура почвы в точке Ex0 (глубина 50 см)
	Влажность почвы в точке Ex1 (глубина 25 см)
	Температура почвы в точке Ex1 (глубина 25 см)
	Влажность почвы в точке Ex2 (глубина 10 см)
	Температура почвы в точке Ex2 (глубина 10 см)
	Влажность почвы в точке Ex3 (глубина 50 см)
	Температура почвы в точке Ex3 (глубина 50 см)
	Влажность почвы в точке Ex7 (глубина 10 см)
	Температура почвы в точке Ex7 (глубина 10 см)

	
	Ex0G2
	Ex0T3
	Ex1G2
	Ex1T3
	Ex2G2
	Ex2T3
	Ex3G2
	Ex3T3
	Ex7G2
	Ex7T3

	24.06.20 06:01
	27
	13
	29
	14
	30
	14
	30
	15
	24
	13

	24.06.20 07:01
	27
	13
	29
	14
	30
	14
	30
	15
	24
	14

	24.06.20 08:01
	27
	13
	29
	14
	30
	14
	30
	15
	24
	15

	24.06.20 09:01
	27
	13
	29
	14
	30
	15
	30
	15
	24
	16

	24.06.20 10:01
	27
	13
	29
	14
	30
	15
	29
	15
	24
	17

	24.06.20 11:01
	28
	13
	30
	14
	30
	15
	29
	14
	24
	17

	24.06.20 12:01
	28
	13
	29
	15
	29
	16
	30
	14
	24
	18

	24.06.20 13:01
	28
	13
	29
	15
	29
	16
	30
	14
	24
	18

	24.06.20 14:01
	28
	13
	29
	15
	29
	16
	30
	14
	23
	18

	24.06.20 15:01
	28
	13
	30
	15
	29
	16
	29
	14
	23
	18

	24.06.20 16:01
	28
	13
	30
	16
	30
	19
	30
	15
	24
	19

	24.06.20 17:01
	27
	13
	29
	16
	30
	19
	30
	15
	24
	19
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Figure A.39 - Размещение метеостанции «СОКОЛ-М1» и выносных модулей БМВД на опытных полях науки СК СХОС, 2020г.
[image: IMG-20181022-WA0016.jpg]
[image: ]Figure A.40 - Место установки базовой станции на здание Дом культуры (с. Шагалы)
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Figure A.41 – Электронные границы полей (2018 год)
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Figure A.42 -  Электронные границы ячеек демонстрационного поля на 24 га.
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Figure A.43 - Сбор данных с помощью ГНСС (слева).  Создание электронных карт полей 
(справа)
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Figure A.44– Актуализация электронных границ полей (слева А – карта-схема поля №3 второго отделения на 2019 и 2020 гг., справа Б - карта-схема поля №11 первого отделения на 2019 и 2020 гг) 


Table A.21 – Сравнительная Table Mо посевным площадям
	№
	Номер поля
	Отделение
	Площадь в 2019 г., га
	Площадь в 2020 г., га
	Разница, га

	1
	3
	2
	36,79
	37,3
	0,51

	2
	11
	1
	328,68
	326,06
	2,616



Table A.22 – Сравнительная Table Mо посевным площадям
	№
	Номер поля
	Отделение
	Отчетные данные
	По ДЗЗ
	Разница, га

	1
	10
	1
	310
	294,4
	15,6

	2
	Все поля
	1-3
	10 013
	9 854
	159
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Figure A.45 – Электронные границы поля №10 первого отделения 
[image: ]
Figure A.46 – Электронные границы полей площадью 9 854 га.
APPENDIX B
Data on transfer and adaptation of modern technologies

Table B.1 – Биологическая  продуктивность сортов яровой  пшеницы по паровому предшественнику  (ТОО «Северо-Казахстанская СХОС, Северо-Казахстанская область, 2020г.)
	№ бригады
	№ поля
	Площадь, га
	Сорт, репродукция
	Биологическая   продуктивность


	
	
	
	
	г/м2
	ц/га (средне взвешанная)

	 №1
	5
	420
	Карабалыкская 20, ПР-3 
	367,7
	36,8

	
	15
	392
	Карабалыкская 20 (суперэлита)
	371,8

	37,2

	
	22
	227
	Карабалыкская 20 (суперэлита)
	245,8

	24,6

	
	23с
	44
	Карабалыкская 20
ПР-3
	400,0

	40,0

	Среднее по бригаде
	1083 
	Карабалыкская 20
	
	 34,5


	№2
	1Б
	315
	Шортандинская 2012 (с/эл)
	278,9

	27,9

	
	6
	178
	Шортандинская 2012 (эл)
	403,9

	40,4

	
	8
	312
	Шортандинская 2012 (ПР-3)
	403,3

	40,3

	
	11А
	70
	Шортандинская 2012 (с/эл)
	405,3

	40,5

	
	20
	280
	Шортандинская 2012 (с/эл)
	322

	32,2

	
	3
	 439
	Дамсинская янтарная 
(суперэлита))
	278,9

	27,9

	Среднее  по бригаде
	 1594
	 
	
	 
33,4

	№3
	4
	629
	Астана (с/эл)
	287,0
	28,7

	
	5
	150
	Астана (с/эл)
	332,2

	33,2

	
	9
	210
	Астана (с/эл)
	427,1

	42,7


	
	11
	631
	Астана (ПР-3)
	366,5

	36,7


	
	14
	31
	Астана (с/эл)
	340

	34,0

	Средее по бригаде 
	1651
	Астана
	
	35,8

	Среднее  по хозяйству (пар)
	4328
	Астана
	
	34,6




Table B.2 – Биологическая  продуктивность  сотов яровой пшеницы по не паровым предшественникам (ТОО «Северо-Казахстанская СХОС», Северо-Казахстанская область, 2020 г.)
	№ бригады
	№ поля
	Площадь ,
га
	Сорт, репродукция
	Биологическая   продуктивность


	
	
	
	
	г/м2
	ц/га (средне взвешанная)

	№1
	3
	260
	Карабалыкская 20 (суперэлита)
	217,7

	21,8

	
	8
	250
	Карабалыкская 20 (суперэлита)
	175,5

	17,6

	
	9
	390
	Карабалыкская 20 (суперэлита)
	233,7

	23,4

	
	10
	310
	Карабалыкская 20 (суперэлита)
	246,1

	24,6

	
	12
	395
	Карабалыкская 20 (суперэлита)
	242,4

	24,2

	
	14
	397
	Карабалыкская 20 (суперэлита)
	308,5

	30,9

	
	21
	139
	Карабалыкская 20 (суперэлита)
	282,8/

	28,3

	Среднее по бригаде 
	2141
	
	
	24,5

	№2
	1А
	366
	Шортандинская 2012(суперэлита)
	321,8

	32,2

	
	4
	278
	Шортандинская 2012(суперэлита)
	328

	32,8

	
	11Б
	292
	Шортандинская 2012(суперэлита)
	387,4

	38,7

	
	12
	312
	Шортандинская 2012(суперэлита)
	265,5

	26,6

	
	18А
	390
	Шортандинская 2012(суперэлита)
	346,3

	34,6


	
	28
	210
	Шортандинская 2012(с/элита)
	379,5

	37,9

	
	21
	273
	Шортандинская 2012(с/элита)
	248

	24,8

	
	7
	305
	Шортандинская 2012(суперэлита)
	266

	26,6

	
	11б
	200
	Шортандинская 2012 (элита)
	318,0
	31,8

	
	11б
	92
	Карабалыкская 2012 (с/эл)
	285,3
	28,5

	Среднее по бригаде
	2426
	
	
	31,7

	№3
	2
	 377
	Астана (суперэлита)
	217,4

	21,7

	
	7
	245
	Астана (суперэлита)
	264,8
	 
26,4

	
	12
	166
	Астана (суперэлита)
	238,6

	23,9

	
	3
	66
	Астана (суперэлита)
	244,0

	24,4

	
	2а
	251
	Астана (элита)
	248,8
	24,9

	Среднее по бригаде
	1105
	Астана
	
	23,6

	Среднее по хозяйству (непаровой предшественник)
	5672
	
	
	27,7

	Среднее  по хозяйству
	10000
	
	
	30,8





Table B.3 –  Урожайность зерна сортов яровой мягкой пшеницы в зависимости от применения стимуляторов роста (ТОО «Северо-Казахстанская СХОС», Северо-Казахстанская область, 2019-2020 гг.)
	Сорт
	Вариант
	Урожайность, ц/га
	Среднее  за 2019-2020 гг.  

	
	
	2019
	2020
	

	Астана
	контроль
	21,6
	25,3
	23,5

	
	БЖ
	27,9
	37,4
	32,7

	
	Атоник Плюс
	29,4
	32,7
	31,1

	Карагандинская 30
	контроль
	23,4
	26,3
	24,9

	
	БЖ
	32,2
	36,3
	34,3

	
	Атоник Плюс
	33,3
	35,5
	34,4

	Карагандинская 60
	контроль
	23,4
	32,5
	28,0

	
	БЖ
	32,2
	32,9
	32,6

	
	Атоник Плюс
	33,3
	35.3
	34,3


Table B.4 –  Урожайность зерна сортов  яровое тритикале  в зависимости от применения стимуляторов роста (ТОО «Северо-Казахстанская СХОС», Северо-Казахстанская область, 2019-2020 гг.) 
	Вариант 
	Урожайность , ц/га
	Среднее  2019-2020гг
	Отклонение от контроля, +,-

	сорт
	Стимулятор роста 
	2019
	2020
	
	

	Даурен
	Контроль
	29,2
	41,0
	35,1
	-

	
	Белый жемчуг
	34,3
	46,1
	40,2
	+5,1

	
	Атоник плюс
	35,7
	45,8
	40,8
	+5,7

	Россика
	Контроль
	34,3
	40,1
	37,2
	-

	
	Белый жемчуг
	38,4
	43,3
	40,9
	+3,7

	
	Атоник плюс
	37,0
	42,8
	39,9
	+2,7



Table B.5 – Урожайность сортов сои  в зависимости от стимуляторов роста (ТОО «Северо-Казахстанская СХОС», Северо-Казахстанская область, 2019-2020 гг.) 
	Вариант
	Урожайность ц/га , при 12% влажности
	Среднее за  2019-2020гг

	Сорт
	Стимулятор роста
	
	

	
	
	2019
	2020
	

	Эльдорадо
	контроль
	-
	13,8
	

	
	БЖ 
	-
	15,9
	

	
	Атоник Плюс
	-
	16,0
	

	Отан
	контроль
	10,0
	14,5
	12,3

	
	БЖ 
	13,6
	17,4
	15,5

	
	Атоник Плюс
	14,2
	16,9
	15,6

	Нур
	контроль
	11,4
	15,8
	13,6

	
	БЖ 
	15,6
	18,8
	17,2

	
	Атоник Плюс
	15,7
	18,5
	17,1

	Аркадия
	контроль
	-
	15,4
	

	
	БЖ 
	-
	17,9
	

	
	Атоник Плюс
	-
	17,2
	

	Скульптор 
	контроль
	-
	14,8
	

	
	БЖ 
	-
	16,0
	

	
	Атоник Плюс
	-
	15,4
	




Table B.6 – Урожайность  гибридов кукурузы   в зависимости от стимуляторов роста (ТОО «Северо-Казахстанская СХОС», Северо-Казахстанская область, 2019-2020 гг.)  
	Вариант
	Урожайность ц/га , при  стандартной  влажности
	Среднее за  2019-2020гг

	Сорт
	Стимулятор роста
	
	

	
	
	2019
	2020
	

	Talisman
	контроль
	-
	16,7
	

	
	БЖ 
	-
	25,6
	

	
	Атоник Плюс
	-
	26,0
	

	Текни
	контроль
	15.1
	19,7
	17,4

	
	БЖ 
	22.8
	23,2
	23,0

	
	Атоник Плюс
	24.8
	23,3
	24,1

	Kaz ZP
	контроль
	-
	11,0
	

	
	БЖ 
	-
	16,2
	

	
	Атоник Плюс
	-
	16,2
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Figure B.1 - Монтаж датчиков на автомашины «КАМАЗ»
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Figure B.2 - Монтаж датчиков на бензовоз
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Figure B.3 - Монтаж датчиков на комбайны ACROS 530
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Figure B.4 - Монтаж датчиков на посевные комплексы
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Figure B.5 - Стартовая страница телематического сервера http://87.247.28.235/web/login
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Figure B.6 - Подключение датчиков комбайна к системе

Table B.7 - Содержание подвижного фосфора по площадям
	
№
	Значения подвижного фосфора
	Кол-во, га
	%

	1
	0-10
	1 244
	23,76

	2
	10-20
	3 551
	67,82

	3
	20-30
	433
	8,3

	4
	30-40
	8
	0,15
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Figure B.7– Результаты интерполяции по содержанию подпижного фосфора сельскохозяйственных полей (отделение 1)
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 (
3
)Figure B.8 – Результаты интерполяции по содержанию подпижного фосфора сельскохозяйственных полей (отделение 2)

Figure B.9 – Результаты интерполяции по содержанию подпижного фосфора сельскохозяйственных полей (отделение 3)
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Figure B.10 - Точность при классификации методом случайного леса
[image: ]
Figure B.11 – Важные функции для модели
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Figure B.12 - Точность при классификации методом дерева решений
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Figure B.13 - Точность при классификации методом опорных векторов
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Figure B.14 – Выборка параметров с учетом корреляции
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Figure B.15 - Точность при классификации методом случайного леса
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Figure B.16 - Точность при классификации методом дерева решений
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Figure B.17 - Точность при классификации методом опорных векторов
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Figure B.18 –Важные функции для модели
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Figure B.19 – NDVI поля №2 второго отделения за 2018,2019 и 2020 год (июль, слева 
направо)



[image: ]
Figure B.20 – PSSRb полей №2 и №3 второго отделения  за 2018,2019 и 2020 год (июль, А,Б, В - слева направо)
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Figure B.21 – NDMI за июль 2020 год 
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Figure B.22 – Архив погоды станции Смирново на июль 2020 года
Table B.8 - Урожайность за три года поля №2 третьего отделения
	
№
	Год
	Урожайность, га

	1
	2018
	22,2/21,5

	2
	2019
	9,5

	3
	2020
	13,79







APPENDIX C
Modern technology control systems
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Figure C.1 - Источники входных данных в информационной системе
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Figure C.2 - Панель пользователей телематического сервера
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Figure C.3 - Онлайн-мониторинг комбайна Acros 530
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Figure C.4 - График онлайн-мониторинга комбайна Acros 530 (по топливу)
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Figure C.5 - График онлайн-мониторинга комбайна Acros 530 (по датчику бункера)
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Figure C.6 - Панель формирования отчётов
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Figure C.7 - Электронный отчет «Навигационный», на примере самосвала КАМАЗ гос.номер 405АО15
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Figure C.8 - Система видеонаблюдения на весовой зернового тока











APPENDIX D 
Economic models for the introduction of precision technologies

Комплексная математическая модель производственно-рыночных процессов в товарном растениеводстве сельскохозяйственного предприятия.
	
	Целевая функция состоит в максимизации ожидаемого суммарного объема доходов по растениеводству:

                                              (1)                        
с учетом следующих условий: 
по использованию материальных (в том числе – земельных) и трудовых ресурсов:


,                                 (2)
по финансированию текущих производственных затрат в растениеводстве:

                                          (3)                                
по размеру доходов в разрезе сценариев:


,                               (4)
по выполнению контрактных обязательств по поставкам продукций:


, (5)
по емкости рынка продукций:


, (6)
1) по формированию севооборотов:


 (7)
по суммарному размеру экономического риска 

,                            (8)           
по допустимому размеру суммарного риска:

,                                                            (9)
по ожидаемому доходу в разрезе продукций растениеводства:


,                                (10)































где  – доход при реализации -го сценария;  – ожидаемый объем доходов; – субъективная вероятность реализации -го сценария; – расход -го ресурса на 1 га -й культуры; – количество видов ресурсов; - количество возможных сценариев;  – площадь посевов -й культуры;  – доход с единицы площади -й культуры при реализации -го сценария;ожидаемый доход от -й продукции (культуры); объем контрактных обязательств по поставкам й продукции; - количество видов культур; – размер необходимых денежных ресурсов в расчете на единицу j-го производства; – объем краткосрочного кредита (на оборотные средства и другие текущие затраты); – размер собственных свободных денежных ресурсов; минимальная (максимальная) доля й культуры в общей площади посевов; ожидаемая товарная урожайность й культуры; емкость рынка по й продукции; размер стандартного отклонения суммарного дохода от его ожидаемой величины; допустимый размер отклонения. Допустимый размер отклонения удобнее представлять в относительном измерении. Тогда выражение (11) следует переписать следующим образом:

,                                                     (11)  

где допустимый размер отклонения выражается в процентах. 

Table D.1 – Посевные площади и структура товарного растениеводства в ТОО «СКСХОС» в 2020 г.
	Показатель
	Пшеница
	Ячмень
	Овес
	Горох
	Лен
	Рапс
	Картофель
	Сумма

	
	точное возделы-вание
	традици-онная техно-логия
	
	
	
	
	
	
	

	Площадь, га
	5338
	4944
	1610
	246
	610
	1536
	502
	78
	14864

	%
	35,9
	33,3
	10,8
	1,7
	4,1
	10,3
	3,4
	0,5
	100,0



Table D.2 – Статистическое распределение маржинального дохода от производства продукций растениеводства в ТОО «СКСХОС» в 2020 г., млн. тенге
	Вероятность
	По растениеводству в целом
	Вероятность
	Пшеница: точечная технология
	Вероятность
	Пшеница: традиционная технология

	0,25
	Более 1000,0
	0,25
	Более 600,0
	0,125
	Более 250,0

	0,25
	900,0-1000,0
	0,5
	500,0-600,0
	0,25
	200,0-250,0

	0,375
	800,0-900,0
	0,125
	400,0-500,0
	0,5
	150,0-200,0

	0,125
	Менее 800,0
	0,125
	Менее 400,0
	0,125
	Менее 150,0

	Средний
	930,0
	Х
	546,2
	Х
	195,0



Table D.3 –  Сроки окупаемости инвестиций в технологии (таргетируемая средняя урожайность по точечной технологии – 30,0 ц/га)
	Показатель
	Технология
	Разница 
(п.3 – п.2)

	
	Имеющаяся (используемая в хозяйстве)
	Точечная (альтернативная)
	

	1
	2
	3
	4

	Срок окупаемости инвестиций в технологию, лет
	7
	3
	4













APPENDIX E 
Developed technological maps
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1 – Table Eанных по сельскохозяйственным операциям; 2 – Table Aгротехнических требований; 3 – таблица (таблицы) МТП; 4 – таблица сельскохозяйственных культур; 5 – Table Eанных полей хозяйства и таблицы координат и геометрии границ полей; 6 – Table Iоэффициентов; 7 – алгоритмы, библиотеки и механизмы вычисления; 8 – статистические вычисления и база данных; 9 – база данных экономических показателей.

Figure E.1- Схема структуры технологической карты и базы данных
[image: ]
Figure E.2 - Скриншот главного окна "Автоматизированной системы" АСОТСР
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Figure E.3 - Скриншот экранные формы разработки технологической карты возделывания сельскохозяйственной культуры
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Figure E.4 - Место и функция программы расчёта технологических карт в системе точного земледелия
[image: ]
Figure E.5 – Карта-схема СХОС 2020 года
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Figure E.6 - Скриншот начального окна веб -  платформы агроменеджмент farmOS 
[image: ]
Figure E.7 - Скриншот технологической карты ячменя с веб - платформы
агроменеджмент farmOS
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Figure E.8 - Скриншот экранные формы разработки сметы затрат возделывания сельскохозяйственной культуры

[image: ]
1,2,6,7 - кластеры разработанные на основе априорной информации из литературных источников, объеденные в базы данных, 3,4,5 – кластеры разработанные на основе баз данных и расчетных показателей.
Figure E.9 - Кластерная схема разработки и расчета операционной 
технологической карты

[image: D:\Мои документы\ПЦФ 3.3\ГРАНТ ПЦФ 3.3\2020 г ПЦФ 3.3\main_window2.jpg]

Figure E.10 - Скриншот главного окна "Программы и  базы данных формирования и расчёта показателей операционных технологических карт"
[image: ]
1-верхняя панель навигации; 2-область выборки данных; 3-сформированный дополнительный интерфейс; 4-нижняя панель навигации; 5-кнопка открытия и закрытия окна помощи; 6-просмотр и редактирование формулы.

Figure E.11- Главное окно программы «Расчет операционных  (инструктивных) технологических карт» 

[image: D:\Мои документы\ПЦФ 3.3\ГРАНТ ПЦФ 3.3\2020 г ПЦФ 3.3\main_window.jpg]

Figure E.12 - Скриншот главного окна "Автоматизированной системы" (Комплектование МТА)


 (
а)
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б)
1-передвигает окно (при удерживании левой кнопки мыши); 2-ворачивает размер окна в исходное состояние; 3-сворачивает окно на панель задач; 4-вызывает окно подтверждения закрытия; 5-создание отчета; 6-стандартный калькулятор (calc.exe); 7-запуск 3D симулятора поля; 8-настройки 3D симулятора поля; 9-настройки программы; 10-менеджер баз данных; 11-менеджер технологических карт; 12-помощ; 13-о программе; 14-вызов окна подтверждения закрытия.
Figure E.13 - Панели навигации главного окна программы

[image: ]
1-панель редактирования базы данных; 2- панель выбора объекта данных; 3-выбор типа данных.
Figure E.14 - Окно настроек программы и главное окно менеджера баз данных СХМ
[image: D:\Мои документы\ПЦФ 3.3\ГРАНТ ПЦФ 3.3\2020 г ПЦФ 3.3\database_manager.jpg]

Figure E.15 - Окно настроек программы и главное окно менеджера баз данных тракторов
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1-дополнительные данные технологической карты; 2-рабочая область редактора технологических карт; 3-кнопка сохранения технологической карты, находящейся в редакторе; 4-панель редактирования менеджера карт; 5-список сохраненных технологических карт; 6-открытие, закрытие менеджера технологических карт.

Figure E.16 - Редактор и менеджер технологических карт
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Figure E.17 - Вид кластерной операционной карты
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Figure E.18 – График согласования работы уборочно-транспортного звена (три комбайна Acros -540 и четыре автомобиля КАМАЗ-55102
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Figure E.19  - Карта засоренности полей 2019 г
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Figure E.20 - Мониторинг сорняков, 30-05-2020


[image: E:\ПЦФ\сорняки\06-06-2020 сорняки.jpg]
Figure E.21 - Мониторинг сорняков 06-06-2020
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Figure E.22 - Спектральное отражение здоровой пшеницы и пшеницы с гельминтоспориозной корневой гнилью

[image: D:\2019\ПЦФ\для отчета\7-1 за 30-06.jpg][image: D:\2019\ПЦФ\для отчета\поле7-1.jpg][image: D:\2019\ПЦФ\для отчета\7-1 за 20-07.jpg]
Figure E.23 - Снимки NDVI за 30 июня 2019г., 05июля 2019г., и 20 июля2019г., поле №7-1
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Figure E.24 - Спектральное отражение здоровой пшеницы и пшеницы с мучнистой росой



APPENDIX F 
Electronic field maps
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Figure F.1 – База данных ТОО «Северо-Казахстанская СХОС»
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Figure F.2 – Электронные границы полей
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Figure F.3 - Table Aтрибутов по севообороту
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Figure F.4 – Вегетационные индекс NDVI на 20.07.2020 
созданный на основе снимков с БПЛА
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Figure F.5 – Рельеф на основе данных БПЛА
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Figure F.6 - Рельеф на основе космических снимков
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Figure F.7– Запас влаги в снежном покрове


APPENDIX G
Terrain maps
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Figure G.1– Карта-схема рельефа местности по данным SRTM
[image: D:\2019\ПЦФ\для отчета\уклон.jpg]
Figure G.2– Карта-схема уклона местности
[image: почвенная карта обнов.jpg]
Figure G.3 – Почвенная карта 
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Figure G.4 – Карта-схема надземных вод	
[image: D:\2019\ПЦФ\для отчета\водн поверхность.jpg]
Figure G.5 – Карта изменения площади водной поверхности 
[image: Т поверхности.jpg]
Figure G.6 - Распределение средней дневной Т поверхности на полях
[image: D:\2019\ПЦФ\для отчета\влажность почвы схема.jpg]
Figure G.7- Схема пикселей влажности поверхности 




[image: ]
Figure G.8 - Разница между двумя способами получения рельефа
[image: ]
Figure G.9 - Наложение тематических слоев














APPENDIX H 
LoRaWAN network architecture


Figure H.1 - Архитектура сети LoRaWAN
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Figure H.2 - Разработанное устройство сбора данных о влажности и температуре почвы на основе технологии LoRa


[image: C:\Users\kvene\Downloads\Untitled Diagram.png]

Figure H.3 - Структурная схема полевого модуля сбора данных 
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Figure H.4 - Принципиальная схема модуля
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Figure H.5 - Сеть LoRaWAN СК СХОС
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Figure H.6 - Визуализация данных с датчиков сети LoRaWAN СК СХОС












APPENDIX J
Listing of the radio module control program

/*******************************************************************************
   Этот скетч отправляет данные с датчиков в сеть TTN


  Необходимые библиотеки:
  1) https://github.com/Risele/SHT3x.git
  2) https://github.com/matthijskooijman/arduino-lmic
  3) https://github.com/rocketscream/Low-Power.git


   Используется активация при помощи персонализации (ABP).
   В скетч зашит:
   уникальный адрес устройства - DevAddr
   сессионные ключи - NetSessionkey, AppSessionKey

   в OTAA активации эти ключи генерируются на устройстве

   Для правильной работы модуля нужно задать правильные настройки в Documents/Arduino/libraries/arduino-lmic-master/config.h
   нужнораскомментироватьстрокисdisable_join, disable_ping, disable_beacons



 *******************************************************************************/
#include <lmic.h>
#include <hal/hal.h>
#include <SPI.h>
#include <Wire.h>
#include <SHT3x.h>
#include <LowPower.h>

#define F_CPU 8000000UL
#define RED_LED 6
#define BTN 10
#define VBATPIN 9
#define LEAF A0



/*==============================================
  Настройка RFM95W
  ===============================================*/
// NWKSKEY - заменить на правильный при регистрации устройства в TTN (msb)
static const PROGMEM u1_t NWKSKEY[16] = { 0xDB, 0x5D, 0xEF, 0x7A, 0x42, 0x81, 0x4D, 0xC1, 0x8E, 0x33, 0xCE, 0x24, 0x1F, 0xDA, 0xB9, 0x20 };

// APPSKEY - заменить на правильный при регистрации устройства в TTN (msb)
static const u1_t PROGMEM APPSKEY[16] = { 0x9C, 0x68, 0x49, 0x1E, 0x48, 0xE5, 0xD8, 0xC6, 0x0C, 0x26, 0xF4, 0x89, 0xFB, 0x14, 0x51, 0xA6 };

// DEVADDR - заменить на правильный при регистрации устройства в TTN
staticconst u4_t DEVADDR = 0x26011EFD; // <-- Должен быть уникален для каждого устройства!

// Объект задачи для передачи данных по Lora
staticosjob_tsendjob;


// Задание интервала передачи сообщений в секундах
constunsigned TX_INTERVAL = 3600 * 6;

// Объявление подключение ножек модуля LoRa и контроллера
constlmic_pinmaplmic_pins = {
  //  PINMAP FOR ARDUINO UNO
  //  .nss = 10,
  //  .rxtx = LMIC_UNUSED_PIN,
  //  .rst = 5,
  //  .dio = {/*dio0*/ 2, /*dio1*/ 3, LMIC_UNUSED_PIN},

  //  PINMAP FOR BSFRANCE BOARD
  .nss = 8,
  .rxtx = LMIC_UNUSED_PIN,
  .rst = 4,
  .dio = {/*dio0*/ 7, /*dio1*/ 5, LMIC_UNUSED_PIN},
};

/*================================
   Конец настройки RFM95
  ================================*/

/* ================================
    Настройка I2c мультиплексора TCA9548A и датчиков
    Датчик SHT30
    VCC - красный
    SDA - желтый
    CLK - белый
    GND - черный
  ==================================*/


#define TCAADDR 0x70

constintSHT_addr = 0x44;  //Адрес датчика SHT3x по умолчанию 0x44

SHT3x Sensor0;
SHT3x Sensor1;
SHT3x Sensor2;
SHT3x Sensor3;

voidtcaselect(uint8_t i);
/*====================================
   Конец настройки мультиплексора и датчиков
  =====================================*/

/*=============================
   Обработка событий от RFM95
  ==============================*/
voidonEvent (ev_tev) {
Serial.print(os_getTime());
Serial.print(": ");
switch (ev) {
case EV_TXCOMPLETE:
// Ждем данные от сервера сразу после отправки
Serial.println(F("EV_TXCOMPLETE (includes waiting for RX windows)"));
if (LMIC.txrxFlags& TXRX_ACK)
Serial.println(F("Received ack"));
if (LMIC.dataLen) {

Serial.println(F("Received "));
Serial.println(LMIC.dataLen);
Serial.println(F(" bytes of payload"));
for (inti = 0; i<LMIC.dataLen; i++) {
if (LMIC.frame[LMIC.dataBeg + i] < 0x10) {
Serial.print(F("0"));
          }
Serial.print(LMIC.frame[LMIC.dataBeg + i], HEX);
/***********************************************************************
             В этом месте можно будет попытаться вытащить данные полученные в ответ
             от сервера - downlink.
           * *********************************************************************/
        }
      }
      // Запланировать следующую передачу
os_setTimedCallback(&sendjob, os_getTime() + sec2osticks(TX_INTERVAL), do_send);

//      digitalWrite(RED_LED, HIGH);
//      delay(1000);
//      digitalWrite(RED_LED, LOW);

//     for (inti = 0; i<int(TX_INTERVAL / 8); i++) {
//        // Use library from https://github.com/rocketscream/Low-Power
//        LowPower.powerDown(SLEEP_8S, ADC_OFF, BOD_OFF);
//      }

//      os_setCallback(&sendjob, do_send);


break;
default:
Serial.println(F("Unknown event"));
break;
  }
}

/*=============================
Функцияотправкиданных
  ==============================*/
voiddo_send(osjob_t* j) {
// Проверить не идет ли прием/передача данных
if (LMIC.opmode& OP_TXRXPEND) {
Serial.println(F("OP_TXRXPEND, not sending"));
  } else {
uint16_tvbat = analogRead(VBATPIN);

vbat = constrain(vbat, 560, 1023);

vbat = vbat - 560;  // Напряжение в процентах

floatfVbat = vbat / 4.63;

uint8_t message[10] = {};

message[0] = highByte(vbat);
message[1] = int(fVbat);
//    message[1] = lowByte(vbat);
Serial.print(message[0]); Serial.print(message[1]);

tcaselect(0); //Выбираем номер датчика к которому хотим обратиться


Sensor0.UpdateData();
message[2] = (int8_t) Sensor0.GetTemperature();
message[3] = (int8_t) Sensor0.GetRelHumidity();

tcaselect(1); //Выбираем номер датчика к которому хотим обратиться
Sensor1.UpdateData();
message[4] = (int8_t) Sensor1.GetTemperature();
message[5] = (int8_t) Sensor1.GetRelHumidity();

tcaselect(2); //Выбираем номер датчика к которому хотим обратиться
Sensor2.UpdateData();
message[6] = (int8_t) Sensor2.GetTemperature();
message[7] = (int8_t) Sensor2.GetRelHumidity();

message[9] = analogRead(LEAF) / 10;


    LMIC_setTxData2(1, message, 10, 0);

Serial.println(F("Packet queued"));
}
  // Следующая передача планируется после события TX_COMPLETE
}

void setup() {
Serial.begin(9600);
while(!Serial.available());
Serial.println(F("Starting"));

pinMode(RED_LED, OUTPUT);
for (inti = 0; i< 5; i++) {
digitalWrite(RED_LED, HIGH);
delay(500);
digitalWrite(RED_LED, LOW);
delay(500);
  }

Serial.println(F("Blink finished"));

//  pinMode(BTN, INPUT);
digitalWrite(BTN, HIGH);


pinMode(VBATPIN, INPUT);

//  Serial.println("Begin Wire library");
Wire.begin();

  // Инициализация LMIC
//  Serial.println("Initialize LMIC");
os_init();

  // Reset the MAC state. Session and pending data transfers will be discarded.
LMIC_reset();

  // On AVR, these values are stored in flash and only copied to RAM
  // once. Copy them to a temporary buffer here, LMIC_setSession will
  // copy them into a buffer of its own again.


uint8_tappskey[sizeof(APPSKEY)];
uint8_tnwkskey[sizeof(NWKSKEY)];
memcpy_P(appskey, APPSKEY, sizeof(APPSKEY));
memcpy_P(nwkskey, NWKSKEY, sizeof(NWKSKEY));
LMIC_setSession (0x1, DEVADDR, nwkskey, appskey);

  // Set up the channels used by the Things Network, which corresponds
  // to the defaults of most gateways. Without this, only three base
  // channels from the LoRaWAN specification are used, which certainly
  // works, so it is good for debugging, but can overload those
  // frequencies, so be sure to configure the full frequency range of
  // your network here (unless your network autoconfigures them).
  // Setting up channels should happen after LMIC_setSession, as that
  // configures the minimal channel set.
LMIC_setupChannel(0, 868100000, DR_RANGE_MAP(DR_SF12, DR_SF7),  BAND_CENTI);      // g-band
LMIC_setupChannel(1, 868300000, DR_RANGE_MAP(DR_SF12, DR_SF7B), BAND_CENTI);      // g-band
LMIC_setupChannel(2, 868500000, DR_RANGE_MAP(DR_SF12, DR_SF7),  BAND_CENTI);      // g-band
LMIC_setupChannel(3, 867100000, DR_RANGE_MAP(DR_SF12, DR_SF7),  BAND_CENTI);      // g-band
LMIC_setupChannel(4, 867300000, DR_RANGE_MAP(DR_SF12, DR_SF7),  BAND_CENTI);      // g-band
LMIC_setupChannel(5, 867500000, DR_RANGE_MAP(DR_SF12, DR_SF7),  BAND_CENTI);      // g-band
LMIC_setupChannel(6, 867700000, DR_RANGE_MAP(DR_SF12, DR_SF7),  BAND_CENTI);      // g-band
LMIC_setupChannel(7, 867900000, DR_RANGE_MAP(DR_SF12, DR_SF7),  BAND_CENTI);      // g-band
LMIC_setupChannel(8, 868800000, DR_RANGE_MAP(DR_FSK,  DR_FSK),  BAND_MILLI);      // g2-band
  // TTN defines an additional channel at 869.525Mhz using SF9 for class B
  // devices' ping slots. LMIC does not have an easy way to define set this
  // frequency and support for class B is spotty and untested, so this
  // frequency is not configured here.


  // Disable link check validation
LMIC_setLinkCheckMode(0);

  // TTN uses SF9 for its RX2 window.
  LMIC.dn2Dr = DR_SF9;

  // Set data rate and transmit power for uplink (note: txpow seems to be ignored by the library)
LMIC_setDrTxpow(DR_SF7, 14);

  // Start job
//  Serial.println("Initiale send");
do_send(&sendjob);
}

void loop() {
os_runloop_once();
}

/*=====================================
   Функции для работы с I2c мультиплексором
======================================*/

voidtcaselect(uint8_t i) {
if (i> 7) return;

Wire.beginTransmission(TCAADDR);
Wire.write(1 <<i);
Wire.endTransmission();
}


APPENDIX K 

Server integration script

Интеграция с TheThingsNetwork.com
Скрипт на языке Python 3 для перехвата данных с TheThingsNetwork и записи данных в локальную базу данных PostgreSQL


import requests
import psycopg2
fromdatetime import datetime
import time
import passwords

print("TTN fetching script started")

conn = psycopg2.connect(dbname=passwords.psqlDb, user=passwords.psqlLogin, password=passwords.psqlPass, host='localhost')

cursor = conn.cursor()
sql = 'SELECT * FROM public."zireaelApp_node" limit 100'
cursor.execute(sql)


headers = {
    'Accept': 'application/json',
    'Authorization': 'key ttn-account-v2.1**********************************',
}

while True:
try:
print("Start requesting data")
resp = requests.get(
            "https://zireael.data.thethingsnetwork.org/api/v2/query?last=5d", headers=headers)
ifresp.status_code != 200:
print("Error: " + str(resp))
print("Finished requesting data")
print(resp.json())
except Exception:
print("Failed to request data")


for note in resp.json():
node_id = 0
try:
print("Search device in DB with id: %s" % note['device_id'])
            t = (note['device_id'],)
cursor.execute("""
select
id
from
public."zireaelApp_node"
where
                    "ttnDevId"=%s
                """, t)
node_id = cursor.fetchone()[0]
print("Found a device with id: %d" % node_id)

except:
print("Couldn't find a device in DB with provided ID")

print("Search data with the provided timestamp: %s" % note['time'][:19])
        t = (note['time'],)
cursor.execute("""
            SELECT COUNT
                (*)
            FROM
public."zireaelApp_log"
            WHERE
                "ttnTime"=%s
            AND
                "node_id"=%s
            """, (t, node_id))
num = cursor.fetchone()[0]

datetime_obj = datetime.strptime(note['time'][:19], '%Y-%m-%dT%H:%M:%S')

ifnum == 0:
print("Did not find data. Trying to add data.")
            t = (
note['time'],
datetime_obj,
str(node_id),
note['h0'],
note['h1'],
note['h2'],
note['h3'],
note['t0'],
note['t1'],
note['t2'],
note['t3'],
note['vbat'],
            )
print(datetime.utcnow())
cursor.execute("""
                INSERT INTO
public."zireaelApp_log"(
                        "ttnTime",
                        "timestamp",
node_id,
                        humidity_0,
                        humidity_1,
                        humidity_2,
                        humidity_3,
                        temperature_0,
                        temperature_1,
                        temperature_2,
                        temperature_3,
battery)
                VALUES(%s,%s,%s,%s,%s,%s,%s,%s,%s,%s,%s,%s)""", t)
conn.commit()

print("Successfully added data")
else:
print("Data is already in DB.")

time.sleep(20)


База данных  вPostgreSQL

Таблица со списком модулей содержит следующие колонки:
id – номер модуля в таблице;
ttnDevId – идентификатор модуля в TheThingsNetwork.com;
longitude – широта;
latitude – долгота;
lastSeen – время последней посылки полученной от модуля.

Таблица с пакетами полученными от модулей:
id – номер записи в таблице SQL;
humidity_0 – влажность с датчика 0;
humidity_1 – влажность с датчика 1;
humidity_2 – влажность с датчика 2;
temperature_0 – температура с датчика 0;
temperature_1 – температура с датчика 1;
temperature_2 – температура с датчика 2;
humidity_3 – влажность с датчика влажности листа;
battery – процент заряда батареи;
node_id – идентификатор ноды в TheThingsNetwork.com
timestamp – временная метка записи в базу данных
ttnTimestamp – временная получения пакета на сервере TheThingsNetwork.com.

TableView
Для отображения данных в табличном виде в Grafana создается Dashboard с параметром визуализации TableView.
Для выгрузки данных из базы PostgreSQL используется следующий SQL запрос:
SELECT
"zireaelApp_node"."id" as "#",
"zireaelApp_node"."ttnDevId" as "Идентификатор",
(SELECT battery from "zireaelApp_log" where "zireaelApp_log"."node_id" = "zireaelApp_node"."id" order by "zireaelApp_log"."timestamp" desc limit 1) as "Зарядбатареи",
(SELECT humidity_0 from "zireaelApp_log" where "zireaelApp_log"."node_id" = "zireaelApp_node"."id" order by "zireaelApp_log"."timestamp" desc limit 1) as "Влажность 0",
(SELECT humidity_1 from "zireaelApp_log" where "zireaelApp_log"."node_id" = "zireaelApp_node"."id" order by "zireaelApp_log"."timestamp" desc limit 1) as "Влажность 1",
(SELECT humidity_2 from "zireaelApp_log" where "zireaelApp_log"."node_id" = "zireaelApp_node"."id" order by "zireaelApp_log"."timestamp" desc limit 1) as "Влажность 2",
(SELECT temperature_0 from "zireaelApp_log" where "zireaelApp_log"."node_id" = "zireaelApp_node"."id" order by "zireaelApp_log"."timestamp" desc limit 1) as "Температура 0",
(SELECT temperature_1 from "zireaelApp_log" where "zireaelApp_log"."node_id" = "zireaelApp_node"."id" order by "zireaelApp_log"."timestamp" desc limit 1) as "Температура 1",
(SELECT humidity_3 from "zireaelApp_log" where "zireaelApp_log"."node_id" = "zireaelApp_node"."id" order by "zireaelApp_log"."timestamp" desc limit 1) as "Влажностьлиста",
(SELECT "timestamp" from "zireaelApp_log" where "zireaelApp_log"."node_id" = "zireaelApp_node"."id" order by "zireaelApp_log"."timestamp" desc limit 1) as "Последняяпередача"
FROM "zireaelApp_node"
MapView
Для отображения датчиков на карте используется специальное расширение для Grafana под названием WorldmapPanel
Данные выгружаются из БД PostgreSQL используется следующий SQL запрос:
SELECT
  "lastSeen" AS "time",
  "ttnDevId",
  "id" AS metric,
longtitude,

lattitude,
  (SELECT ${sensors} from "zireaelApp_log" where "zireaelApp_log"."node_id" = "zireaelApp_node"."id" order by "zireaelApp_log"."timestamp" desc limit 1) as "DATA"
FROM "zireaelApp_node"
ORDER BY 1,2
В параметрах визуализации панели необходимо выставить следующие параметры
В итоге на карте появятся точки, отображающие расположение датчиков. Цвет точки соотнесен с выбранным параметром, например, humidity_0 или temperature_2

DetailedView
Для вывода графиков с температурных датчиков используется следующий SQL запрос:
SELECT
  "timestamp" AS "time",
  temperature_0 AS "Датчиктемпературы 0",
  temperature_1 AS "Датчиктемпературы 1",
  temperature_2 AS "Датчиктемпературы 2"
FROM "zireaelApp_log"
WHERE
  $__timeFilter("timestamp") and node_id = ${node_id}
ORDER BY 1

Для вывода графиков с датчиков влажности используется следующий SQL запрос:
SELECT
  "timestamp" AS "time",
humidity_0 AS "Датчиквлажности 0",
  humidity_1 AS "Датчиквлажности 1",
  humidity_2 AS "Датчиквлажности 2"
FROM "zireaelApp_log"
WHERE
  $__timeFilter("timestamp") and node_id = ${node_id}
ORDER BY 1
Для вывода графика с датчика влажности листа:
SELECT
  "timestamp" AS "time",
  humidity_3 AS "Влажностьлиста"
FROM "zireaelApp_log"
WHERE
  $__timeFilter("timestamp") and node_id = ${node_id}
ORDER BY 1
Для вывода заряда батареи используется следующий SQL заряд:
SELECT
  "timestamp" AS "time",
  battery AS "Зарядбатареи"
FROM "zireaelApp_log"
WHERE
  $__timeFilter("timestamp") and node_id = ${node_id}
ORDER BY 1
Для панели геолокация используется следующий SQL заряд:
SELECT
  "lastSeen" AS "time",
  "ttnDevId" AS metric,
longtitude,
lattitude,
  "ttnDevId"
FROM "zireaelApp_node"
WHERE
  id = ${node_id}
ORDER BY 1,2


APPENDIX L
Architectural diagram of the precision farming information system
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Figure L.1 - Архитектурная схема информационной системы точного земледелия
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Figure L.2 - Аутентификационная форма
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Figure L.3 - Главная страница веб-портала с отображением карты
[image: ]Figure L.4 - Сельскохозяйственное поле
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Figure L.5 Интерфейс веб-страницы «Полевые работы»
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Рисунок  L.6 - Микросервис метеорологических данных с полей ТОО СХОС
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Figure L.7 - Демонстрация gps-трекинга на веб-портале




APPENDIX M

Test reports
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APPENDIX N
Diagram of a wide-grip pneumatic seeder and data on laboratory-field tests
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1-вентилятор; 2-рама; 3-бункер для удобрений; 4-бункер для семян; 5,7- опорные колеса; 6- материаллопроводы;  8-рама заделывающей части; 9-распределительная головка; 10-семяпроводы; 11-сошники; 12-катки
Figure N.1- Конструктивно-технологическая схема пневматической сеялки
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1 – бункер; 2 – катушечный высевающий аппарат;  3 – вентилятор;  4 -  распределитель воздуха;  5 –заборная камера;  6 – магистральные   материалопроводы; 7 – вертикальная распределительная головка.
Figure N.2 - Общий вид семятуковысевающей системы с центральным катушечным дозатором
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Figure N.3 - Схема сеялки с заделывающая частью - культиватор
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1 – пульт управления (экран); 2 – электромотор; 3, 6, 8  - провода подключения; 4 – датчик скорости; 5 - кабель ISOBUS; 7 - электронный блок управления; 9 – Y-кабель; 10 – штекер ISOBUS; 11 – датчик полета семян; 12 - ультрозвуковой датчик UB2000; 13 – датчик приближения  KIB-M12PS; 14 – магнит
Figure N.4 - Схема подключения основных комплектующих системы контроля 

Table N.1- Качественные показатели высевающей системы на высеве пшеницы
	№
п/п
	Наименование показателей
	Значение показателей

	1
	2
	3

	1
	Скорость движения, км/час 
	9,0

	Высевающая способность системы,кг/га:

	3
	минимальная
	80

	4
	максимальная
	300

	Качество высева при хозяйственной  норме:

	5
	установочная норма высева, кг/га
	130

	6
	фактически полученная, кг/га
	128

	7
	неравномерность высева по сошникам-
среднее квадратическое отклонение, ± г
	9,3

	8
	коэффициент вариации, %
	11,7

	Неустойчивость общего высева:

	9
	среднее квадратическое, ± г
	2,5

	10
	коэффициент вариации, %
	2,5



Table N.2 - Показатели качество работы экспериментальной сеялки при лабораторно-полевых опытах
	№
п/п
	Наименование показателей
	Значение показателей

	1
	2
	3

	1
	Дата
	05.06. 2019

	2
	Культура
	Пшеница

	3
	Скорость движения, км/час  
	9,0

	4
	Норма высева, кг/га:
а) заданная
б) фактическая
	
115
111,8

	5
	Установочная глубина заделки семян, см
	6…8

	6
	Максимальная глубина заделки семян, см
	9,3

	7
	Минимальная глубина заделки семян, см
	3,5

	8
	Равномерность глубины заделки, общая:
а) средняя, см
б) среднеквадратическое, ± см
в) коэффициент вариации, %
г) семян заделанных в слое средней фактической
глубины и двух соседних соях, %
	
6,4
1,2
18,7

89

	9
	Количество семян, не заделанных в почву, штук
на м2
	Нет

	10
	Распределение растений по площади питания:
а) среднее количество растений в 
пятисантиметровом отрезке рядка, штук
б) среднее квадратическое отклонение, ± штук
в) коэффициент вариации, %
	

3,62
2,54
69,8






Table N.3 - Результаты учета густоты стояния растений
	Участок обработанный  агрегатом
	Количество растений,
шт./м2
	Полевая всхожесть, %

	Трактор John Deere 9430 + ПК КАТУ – 8,2
	225,2
	84,6

	Трактор John Deere 9430 + John Deere 1840
	223,5
	83,1



 Table N.4 – Сравнительные показатели качества работы экспериментальной широкозахватной сеялки и серийной сеялки при внесении семян и удобрений в один горизонт
	Наименование показателей
	Экспериментальный образец широкозахватной сеялки ПК КАТУ – 8,2

	Серийная сеялка John Deere 1840

	Дата
	28.05. 2020
	28.05. 2020

	Культура
	Ячмень «Сабир»
	Ячмень «Сабир»

	Скорость, км/час
	8,0
	8,0

	Норма высева, кг/га:
а) заданная
б) фактическая
	
170
169,8
	
170
169,6

	Установочная глубина заделки семян, см
	7
	7

	Максимальная глубина заделки семян, см
	7,1
	7,2

	Минимальная глубина заделки семян, см
	5,9
	5,8



	Равномерность глубины заделки, общая:
а) средняя, см
б) среднеквадра- тическое, ± см
в) коэффициент вариации, %
г) семян заделанных в слое средней фактической глубины и двух соседних слоях, %
	

6,46
0,27
4,18

100
	

6,34
0,33
5,2

100

	Количество семян, не заделанных в почву, штук
на м2
	Нет
	Нет

	Распределение растений по площади питания:
а) среднее количество растений в пятисантиметровом отрезке рядка, штук
	

4,44
	

4,37

	б) среднее квадратическое отклонение, ± штук
в) коэффициент вариации, %
	0,28

6,3

	0,32

7,32






Table N.5 - Результаты опытов по энергетической оценке экспериментального образца заделывающей части широкозахватной сеялки

	№ опыта
	Дата проведе-
ния опы-
тов
	Состав агрегата
	Глубина заделки, см
	Скорость агрегата, км/час
	Тяговое сопротивление, кН
	Средний расход топлива, л/час
	Средний коэффициент буксования, %

	1
	28.05.20
	Трактор John Deere 9430 + ПК КАТУ – 8,2
	4
	4
6
8
10
	10,107
10,562
11,329
12,228
	19,5
26,4
33
36,5
	12,49
13,06
14,01
15,12

	2
	
	
	6
	4
6
8
10
	12,197
12,555
13,040
13,709
	34,6
37,5
40,3
42
	15,08
15,52
16,12
16,95

	3
	
	
	8
	4
6
8
10
	13,266
13,622
14,05
14,880
	40,5
41,2
44
46
	16,4
16,84
17,37
18,4

	4
	
	
	10
	4
6
8
10
	14,165
14,493
15,030
15,626
	44,2
44,5
49
52,1
	15,55
17,92
18,58
19,32


[image: ]
R4=387,5а2-15,75а+10,11; R6=175 а2+11,92; R8=225 а2+12,61; R10=262,5а2-9,76+14,13.

Figure N.5 – Тяговое сопротивление экспериментального образца сеялки от рабочей скорости агрегата  при различной глубине заделки семян.
[image: ]                   
[image: ]

Figure N.6 - Общий вид сеялки (Вид спереди и центральная высевающая система с бункером)
[image: ]         [image: ]
Figure N.7 - Заделывающая часть сеялки и  панель управления интеллектуального блока сеялки
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Figure N.8– Экспериментальная (Rэ) и теоретическая (Rт) зависимости тягового сопротивления сеялки от  глубины  заделки  семян  при рабочей скорости V=8 км/час


Figure N.9 –  Сравнительный анализ тягового сопротивления экспериментальной (Rэ) и серийный (Rс) сеялки при глубине 8 см

Table N.6 – Составляющие прямых эксплуатационных затрат разрабатываемой и серийной сеялки на 1 га посевной площади 
	№п/п
	Составляющие затрат, тенге/га
	Серийная
	Разрабатываемая

	1
	Заработная плата
	166
	166

	2
	Амортизационные отчисления
	11082
	8525

	3
	Затраты на ТО, ремонт и хранение
	21166
	16282

	4
	Затраты на топливно-смазочные материалы
	1938
	1674

	5
	Сумма эксплуатационных затрат
	34352
	26647



Table N.7 – Экономические показатели эффективности использования разрабатываемой и серийной сеялок
	№ п/п
	Показатели
	Серийная
	Разрабатываемая

	1
	Балансовая стоимость, тенге
	57362500
	44125000

	2
	Рабочая скорость агрегата, км/ч
	8
	8

	3
	Часовая норма выработки, га/ч
	6,56
	6,56

	4
	Удельные капитальные вложения, тенге/га
	78044
	60033

	5
	Годовой экономический эффект при нормативной годовой загрузке 140 ч., тенге
	 -
	10883145














APPENDIX P
 
Diagram of the working body of the chisel-fertilizer and data on laboratory and field tests
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Figure P.1 –  Технологическая схема трехъярусного внесения
минеральных удобрений


[image: Сеялка]

Figure P.2 – Рабочий орган экспериментального чизельного удобрителя

[image: Рисунок__0]
Figure P.3 – Варианты расположения рабочего органа
[image: F:\График1 почвенный канал.jpg]
Figure P.4 - График изменения тягового усилия на почвенном канале

[image: рабочий орган2][image: IMG_5529.JPG]
Figure P.5 - Определение тягового усилия на почвенном канале
[image: DSC_0655]
Figure P.6 - Макетный образец чизель-удобрителя
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Figure P.7 - Полевые испытания чизеля-удобрителя

Table P.1 - Показатели качества выполнения технологического процесса ярусного внесения минеральных удобрений

	Наименование показателей
	Базовое
	Предлагаемое

	Скорость движения машины, м/с
	2,44
	2,44

	Доза внесения удобрений, кг/га:
	
	

	   максимальная
	400
	400

	   минимальная
	50
	50

	Неравномерность высева между аппаратами, %
	Нет данных
	2,9

	Неравномерность распределения между отводами, %
	14,22
	5...8,6

	Глубина заделки, см
	20…21
	6...25

	- первый слой
	-
	6...9

	- второй слой
	-
	15,8...18,2

	- третий слой
	-
	20...27



[image: IMG_2439 (2)]
Figure P.8 - Экспериментальный образец чизель-удобрителя
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	Figure P.9 - Линии тока и поле
скоростей туков в распределителе

	Figure P.10 - Линии тока и поле давления туков  в распределителе
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Figure P.11 – Траектория движения тука в распределителе
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Figure P.12 - Полевые испытания экспериментального чизеля-удобрителя
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Figure P.13 – Рабочий орган  с распределителем
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Figure P.14 – Зависимости количества высева от частоты вращения катушки
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Figure P.15 – Зависимости неравномерности распределения между отсеками от частоты вращения катушки
Table P.2 - Показатели качества выполнения технологического процесса ярусного внесения минеральных удобрений
	Наименование показателей
	По проекту ТЗ (АТТ)
	По данным испытаний

	Режим работы:
- скорость движения машины, м/с
	
2,44
	
2,44

	- установочная глубина обработки, см
	22…25
(20…22)
	22

	Гребнистость поверхности поля, см
	не более 5
	5…8

	Доза внесения удобрений, кг/га:
	
	

	   максимальная
	400
(100…400)
	400

	   минимальная
	50
	50

	Неравномерность высева между аппаратами, %
	нет данных
	3,3

	Неравномерность распределения между отсеками, %
	не более 50
	15...43

	Глубина заделки, см
	6…25
	6...27

	- первый слой
	8…10
	6...10

	- второй слой
	16…18
	15,5...18,6

	- третий слой
	23…25
	22...27
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APPENDIX R

Calendar plan
Appendix № 2 
to Agreement № 33 from «         » ________ 2018

Work schedule calendar of «S. Seifullin Kazakh Agrotechnical University» JSC on the budget program 267 "Increasing knowledge and scientific research availability" subprogram 101 "Program-targeted financing of scientific research and activities" on the specifics 156 "Payment for consulting services and research" for 2018-2020

	Ser. No.
	Name of works 
	Period of execution
	Expected results
	Amount, 
tenge

	1
	Transfer and adaptation of technologies for precision farming in the production of crop products on the "demonstration farms" (polygons) principle in the North Kazakhstan region.


.
	
2018-2020
	In the soil and climatic conditions of the North Kazakhstan region, within the framework of precision farming on the demonstration polygons principle (on an area of 24 and 1000 hectares), experimental sites will be created for the cultivation of varieties of spring wheat, spring barley, spring triticale soybeans, corn at different mineral nutrition levels to demonstrate purposeful management methods of soil fertility, ensuring the implementation of the potential crops productivity and obtaining a wheat yield of at least 30 c/ha. The developed techniques will be implemented on an area of 10,000 hectares. Electronic maps of fields with precise geolocation will be created at these sites. With regard to spring wheat on an area of 10,000 hectares measures will be taken to transfer and adapt new technologies which will make it possible to achieve at least 30 c/ha of spring wheat on the production crops basis of North-Kazakhstan Agricultural Experimental Station LLP, with a simultaneous increase of 2.0 -2.5 times labor productivity. The modern equipment management and analysis systems of the enterprise's economic activities will be introduced in the production activities of North-Kazakhstan Agricultural Experimental Station LLP; Methodological recommendations for large-scale replication and adaptation of precision farming technology will be developed for the soil and climatic conditions of the North Kazakhstan region, a network for collecting and transmitting telemetric information for agricultural purposes will be built. Based on the use of modern technology, automation equipment, high-precision devices, a highly efficient technology will be introduced into production, which will allow raising the productivity of spring wheat to 30 c / ha in the region.
     A package of applied programs will be developed and implemented for informatization, digitalization and optimization of economic decisions, and automation - making decisions without human participation in crop production based on a transfer and adaptation of advanced and foreign experience in the conditions of Northern Kazakhstan.
     The parameters for the cultivation of a number of crops will be developed, including the implementation of technological operations in accordance with electronic maps - tasks developed on the basis of electronic maps of fields and taking into account the specifications of the region. For various types of farms in the North Kazakhstan region, economic models of precision technologies with a full calculation of their parameters will be created. For the production sector of the North Kazakhstan region optimal complexes of machines and equipment will be formed, which will allow, based on the use of precision farming technology, to increase the productivity of economically important agricultural crops - spring wheat, spring triticale, spring barley, corn and soybeans. 
     The network for collecting and transmitting telemetric information for agricultural purposes will be built in order to effectively introduce and apply precision farming technology.
     The final report for 2018-2020 will be presented in accordance with GOST 7.32-2001.
	1 072 664 000

	
	
	2018
	     1.1 Creation of pilot demonstration sites for precision farming in the north of Kazakhstan: North Kazakhstan region:
 - experimental sites with an area of 24 hectares and 1000 hectares will be allocated in the fields of the North Kazakhstan Agricultural Experimental Station LLP, where agrochemical monitoring will be carried out in order to identify the supply of soil with nutrients and calculate differentiated doses of fertilizers, based on the introduction of methods of targeted management of soil fertility providing optimization of nutrition and obtaining a potential crop yield (wheat at least 30 c/ha).
Sowing schemes will be developed and sowing material of wheat varieties, spring triticale, barley, soybeans, corn will be assembled for the purpose of cultivating it in conditions of precision farming on the demonstration polygons principle; according to the diagnostics of soils for the content of nutrients for each agricultural crop - wheat, spring triticale, barley, soybeans and corn, the optimal doses of mineral fertilizers will be developed; sampling of soil samples will be carried out for their contamination and damage by harmful organisms, and effective means of protecting plants from diseases and pests will be selected. On demonstration sites with an area of 1024 hectares (24 + 1000), electronic maps of fields with precise geolocation will be created.
     Two seminars will be held with the involvement of 15 agribusiness entities.
     1.2 Transfer and adaptation of modern technologies that allow to achieve yield: spring wheat - 30 c / ha, with an increase in labor productivity by 2.0-2.5 times on an area of at least 10,000 hectares:
- a generalization of international experience in the cultivation of spring wheat in conditions of precision farming will be carried out in order to transfer and adapt modern technologies that allow, in the soil and climatic conditions of the North Kazakhstan region, to increase the yield of this crop to 30 c/ha with a simultaneous increase in labor productivity by 2.0 -2.5 times; the search and purchase of the necessary agricultural machinery, equipment and instruments will be carried out, ensuring the cultivation of wheat in the framework of precision farming on large areas; an analysis will be carried out on the use of effective plant protection agents against diseases, pests and weeds on wheat crops;
- hectare and 20 hectare grids will be built with precise geo-positioning on the demonstration fields of at least 24 hectares and at least 1000 hectares, respectively, for their transfer to agrochemists for further soil analysis.
     The collection of satellite images for the growing season of 2018 of the studied crops will be carried out on the territory of demonstration sites with a total area of at least 1,024 hectares..  
     1.3 Introduce modern systems for managing equipment and analyzing the economic activities of enterprises: 
     In LLP "North Kazakhstan Agricultural Experimental Station" LLP will be carried out: analytical work to establish the technical level and technical development; review of existing information systems for managing technology at the enterprise; the functional capabilities of the systems are analyzed: flexibility, customization, scalability, performance and ergonomics of applied solutions. Diagnostics in the farm of all business processes covered by the information system will be carried out. In the field of plant growing, an analysis of the economic activities of the pilot enterprise will be carried out.
     1.4 To develop economic models for the introduction of precise technologies for different types of farms in the North Kazakhstan region, indicating the costs of using the developed technologies per hectare, an analysis of the cost recovery due to increased productivity, indicating the payback period.
Calculations of statistical characteristics will be carried out and statistical models of the probability distribution of yield and prices of crop production in North Kazakhstan will be presented.
Methodological techniques of comparative stochastic analysis and selection of the most preferable technology of crop production according to the "effect-risk" criterion in the conditions of Northern Kazakhstan will be developed.
     1.5 To develop technological maps for the cultivation of agricultural crops, taking into account the elements of precision farming.
The collection of information and analysis of technological maps previously used in the farm will be carried out: a file storage of data on the technical characteristics of tractors, agricultural machines, and on tractors and agricultural machines produced in the near and far abroad, recommended for use in the Republic of Kazakhstan, will be created.
     Work will be carried out on the preparation of the methodology and preliminary calculation of technological maps for the predicted technical equipment with elements of the precision farming system.
     The species composition of harmful organisms (diseases, pests, weeds) will be identified. A forecast was made for the spread and development of diseases, pests and weeds, depending on agrometeorological data, based on the results of remote and direct monitoring from unmanned vehicles, digital weather stations. The degree of abundance, density of settlement, intensity of development, area of quarantine and especially dangerous harmful organisms will be determined. The dynamics of the development of the main pests and diseases will be determined.
     1.6 To develop guidelines for large-scale replication and adaptation of precision farming technology, considering the soil and climatic conditions of cultivation. To develop a scientifically grounded approach to maintaining elements of precision farming in production conditions. Develop ways to use modern analytical and agronomic equipment for precision farming conditions.
     Conduct a generalization of literary sources from countries of near and far abroad, on the use of modern analytical and agronomic equipment for the conditions of precision farming.  
     1.7 To develop and implement a package of applied programs for informatization, digitalization and optimization of economic decisions, automation - decision-making without human participation in crop production based on a transfer and adaptation of advanced and foreign experience in the conditions of Northern Kazakhstan.
     A systematic analysis of production processes will be carried out in the North Kazakhstan Agricultural Experimental Station LLP in order to identify production areas that require computerization and digitalization.
     Data sources will be identified and collection methods using information and communication technologies described. The architecture of the conceptual database model will be defined.
     An analysis of the current state of the systems used for collecting and transmitting telemetric information for agricultural purposes to the agricultural and chemical plant will be conducted. Optimal technologies for the transmission of telemetry information will be determined.
     Market analysis of meteorological equipment will be carried out. Based on the analysis performed, meteorological systems and sensors will be selected.
     Appropriate hardware and software will be purchased to create a database, collect and store information.
     1.8 To form the optimal complexes of machines and equipment for the implementation of promising technologies for the cultivation of corn, soybeans, wheat and barley according to the precision farming system and to assess them in terms of functional, operational, technological, energy and economic indicators. Develop technical specifications for adapting machines to soil and climatic conditions and recommended technologies for use; to execute work on the adaptation of machines: 
     In the North Kazakhstan Agricultural Experimental Station LLP, an analysis of the technical equipment of the machine and tractor fleet will be carried out, a review and analysis of the technologies of cultivation of wheat, barley, corn, soybeans will be realized.
     1.9 To develop an experimental prototype of a wide-grip pneumatic seeder for sowing grain crops with automated control of the technological process.
     The structural and technological scheme of the seeder of its seeding and covering parts will be substantiated; parameters of the constituent parts of the seeding system (fan, pneumatic lines, seeding device, distribution heads).
     A preliminary design of a central seeding system (with automated elements) for seeds and fertilizers and a distributor head will be developed.
     Structural technological schemes of arrangement of working bodies and press rollers will be developed.
     1.10 To develop an experimental model of a chisel-fertilizer for intra-soil differentiated application of the main doses of mineral fertilizers in the system of precision farming.
     The technology and the design-technological scheme of the technical means for the intra-soil differentiated application of the main doses of mineral fertilizers in the system of precision farming will be substantiated and theoretical studies of the interaction of the working body with the soil will be carried out. Working drawings of a prototype working body will be developed.
     An interim report for 2018 will be presented in accordance with GOST 7.32-2001.
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	2019
	     1.1 Creation of pilot demonstration sites for precision farming in the north of Kazakhstan: North Kazakhstan region:
- on experimental plots with an area of 24 hectares and 1000 hectares, agrotechnical measures will be taken to prepare the soil for sowing; for sowing agricultural crops - wheat, spring triticale, barley, soybeans and corn. Demonstration sites will be decorated at these sites; records and phenological observations were carried out; events were organized to conduct field days and field seminars on the basis of North Kazakhstan Agricultural Experimental Station LLP; according to agrometeorological data based on the results of remote and direct monitoring from unmanned vehicles and digital meteorological stations, a forecast will be made for the spread and development of diseases, pests and weeds, the degree of their abundance, the density of settlement and the intensity of development will be determined; the area of distribution of quarantine and especially dangerous pests will be determined; the dynamics of the development of the main pests and diseases was determined; harvesting work was carried out; the analysis of the productivity of agricultural crops is carried out - wheat, spring triticale, barley, soybeans and corn.
     Electronic maps of fields on an area of at least 8,976 hectares with precise geolocation will be created.
     1.2 Transfer and adaptation of modern technologies that allow to achieve yield: spring wheat - 30 c/ha, with an increase in labor productivity by 2.0-2.5 times on an area of at least 10000 hectares:
- agrotechnical measures will be taken to introduce advanced technologies for the cultivation of spring wheat into the production crops of North Kazakhstan Agricultural Experimental Station LLP, the introduction of optimal doses of mineral fertilizers, the use of effective plant protection products from diseases, pests and weeds, the use of highly efficient agricultural machinery, equipment and devices , allowing, within the framework of precision farming, to ensure in the soil and climatic conditions of the North Kazakhstan region to increase the yield of wheat to 30 c/ha with a simultaneous increase in labor productivity by 2.0-2.5 times.
     For production crops with a total area of at least 10,000 hectares on experimental sites (24 + 1000 hectares) space monitoring of the fields will be carried out: processing of remote sensing data and their analysis in the context of vegetation phases for the growth and development of crops in 2019.
     Additionally, on these sites, collection and processing of geoinformation data, processing and formation of electronic maps of fields, creation of digital terrain, accurate positioning, formation of a package of maps by layers (climate, relief, ground waters, other (in the context of the region).
     1.3 Introduce modern systems of equipment management and analysis of economic activities of enterprises.
     A modern computerized system of equipment management will be introduced into the economic activity of North Kazakhstan Agricultural Experimental Station LLP. Work will be carried out to adjust the system, test the system, and conduct trial operation.
     Based on the analysis of economic activities, the most important factors affecting the economic efficiency of crop production will be identified.
     1.4 To develop economic models for the introduction of precise technologies for different types of farms in the North Kazakhstan region, indicating the costs of using the developed technologies per hectare, analyzing the cost recovery due to increased productivity, indicating the payback period:
     The following will be formed: 1) a database on yields and costs per hectare of crops in the system of crop rotations for 2008-2017. in a pilot farm; 2) a database on sales prices by types of agricultural products for 2008-2017. in the pilot farm.
     A complex of mathematical and statistical models of the relationship between efficiency, on the one hand, and production parameters and market conditions, on the other hand, in the context of crop production will be developed and tested.
     1.5 To develop technological maps for the cultivation of agricultural crops, taking into account the elements of precision farming.
      A program will be developed for calculating technological maps for the cultivation of corn, soybeans, wheat and barley.
      A database architecture will be created for a program for automated calculation of technological maps; the interface of the program with displaying the boundaries of fields was created; program interface and working algorithms for calculating technological maps; automated data entry and display of information on seasons.
     A predictive model will be developed for viability, distribution of pests with a high degree of accuracy within the demonstration farm, through monitoring and analysis of crops, air masses, crop residues, soil.
     A map of weediness of crops, the spread of pests and diseases will be drawn up; biological features of the development of the main pests and diseases are determined, a plan of preventive measures to combat pests is developed.
     1.6 To develop guidelines for large-scale replication and adaptation of precision farming technology, taking into account the soil and climatic conditions of cultivation. To develop a scientifically grounded approach to maintaining elements of precision farming in production conditions. Develop ways to use modern analytical and agronomic equipment for precision farming conditions.
     The research results will be summarized and a scientifically grounded approach to maintaining individual elements of precision farming in the climatic conditions of the North Kazakhstan region will be given.
     Based on the results of the collection and processing of spatial data on the demonstration plots of 1024 hectares, the state of crops, weeds, diseases will be analyzed during the growing season of 2019 based on remote sensing data; forecast of productivity of main crops based on remote sensing data.
     1.7 Develop an agricultural production system aimed at optimizing long-term, farm-wide productivity with minimal negative impact on the environment.
     In order to develop an agricultural production system, a database management system (geo-information database) will be created for a pilot demonstration site with a total area of at least 1024 hectares. with the introduction of information on field histories, as well as spatial and thematic information.
     1.8 To develop technological methods for targeted differentiated processing of individual parts of the field, considering the small-scale features of natural conditions. Develop agrotechnical parameters for crop production, including the implementation of technological operations in accordance with the electronic map of fields and specifications of the region;
Electronic vector maps will be developed with superposition by thematic layers on demonstration fields with an area of at least
1,024 ha
     1.9 To develop and implement a package of applied programs for informatization, digitalization and optimization of economic decisions, as well as automation - decision-making without human participation in crop production based on a transfer and adaptation of advanced and foreign experience in the conditions of Northern Kazakhstan.
     A subsystem of automatic download of satellite images for the territory of the agricultural and chemical plant will be introduced. Various algorithms for parallel processing of aerospace images on a high-performance heterogeneous computing system will be tested. A subsystem will be developed for maintaining technological maps in digital format. Subsystems “Field history”, “Meteorological data” and “Agrochemical surveys” will be developed.
     A network will be built to collect climate data and build a layer of meteorological factors for precision farming. A sensor network for collecting telemetry data (humidity and temperature) will be built at the demonstration site of the Agricultural Experimental Station. Satellite monitoring systems will be installed on agricultural machinery of the agricultural sector.
     1.10 To form the optimal complexes of machines and equipment for the implementation of promising technologies for the cultivation of corn, soybeans, wheat and barley according to the precision farming system and to assess them in terms of functional, operational, technological, energy and economic indicators.
     Optimal complexes of machines and equipment will be formed for the implementation of promising technologies for the cultivation of wheat, barley, corn and soybeans in the system of precision farming in the North-Kazakhstan Agricultural Experimental Station LLP.
     Machines and equipment will be tested for the implementation of promising technologies for the cultivation of wheat, barley, corn and soybeans, according to the precision farming system with an assessment of functional, operational, technological, energy and economic indicators.
     Protocols of testing technical means for sowing, soil cultivation, harvesting grain crops, fertilizing, sowing and harvesting wheat, barley, soybeans, and corn will be received.
     1.11 To develop an experimental prototype of a wide-grip pneumatic seeder for sowing grain crops with automated control of the technological process.
     An automated module will be developed to control the developed seeder to support seeding modes.
     An automatic control will be developed for signaling the threshold values ​​of the seeding rate and the speed of the unit, taking into account the characteristics of the power mechanisms. A prototype seeder will be made.
     A program and methodology for laboratory and field research will be developed; laboratory and laboratory-field tests of the developed seeder were carried out, the design of the model of the seeder was improved, technical documentation of the developed seeder was prepared.
     1.12 To develop an experimental model of a chisel-fertilizer for intra-soil differentiated application of the main doses of mineral fertilizers in the system of precision farming.
     Theoretical studies will be carried out to develop and substantiate the parameters of the working bodies of the chisel-fertilizer.
     Working drawings will be developed and a prototype chisel fertilizer will be manufactured. Laboratory and field studies will be carried out to clarify the main parameters of the working bodies of the chisel-fertilizer.
     An interim report for 2019 will be presented in accordance with GOST 7.32-2001.
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	2020
	     1.1 Creation of pilot demonstration sites for precision farming in the north of Kazakhstan: North Kazakhstan region.
     On the experimental plots with an area of 24 hectares and 1000 hectares, work will be carried out to restore the demonstration sites. Agrotechnical measures were taken to prepare the soil for sowing; sowing of agricultural crops - wheat, spring triticale, barley, soybeans and corn. Phenological observations were carried out using the GLONASS system. Organized events of LLP "North-Kazakhstan Agricultural Enterprise" days of the field and field seminars; according to agrometeorological data based on the results of remote and direct monitoring from unmanned vehicles and digital meteorological stations, a forecast will be made for the spread and development of diseases, pests and weeds, the degree of their abundance, the density of settlement and the intensity of development will be determined; the area of ​​distribution of quarantine and especially dangerous pests will be determined; the dynamics of the development of the main pests and diseases was determined; harvesting work was carried out; the analysis of the productivity of agricultural crops is carried out - wheat, spring triticale, spring triticale, barley, soybeans and corn.
     The electronic field maps will be updated for a total area of at least 10,000 hectares. with accurate geolocation.
A generalization of the results of scientific research carried out for 2018-2020 was carried out and 2 scientific articles were prepared for publication.
     1.2 Transfer and adaptation of modern technologies that allow to achieve yield: spring wheat - 30 c / ha, with an increase in labor productivity by 2.0-2.5 times on an area of at least 10,000 hectares:
- agrotechnical measures will be taken to introduce advanced technologies for the cultivation of spring wheat into the production crops of North-Kazakhstan Agricultural Management Plant LLP, the introduction of optimal doses of mineral fertilizers, the use of effective plant protection products from diseases, pests and weeds, the use of highly efficient agricultural machinery, equipment and devices allowing, within the framework of precision farming, to ensure in the soil and climatic conditions of the North Kazakhstan region to increase the yield of wheat to 30 c/ha with a simultaneous increase in labor productivity by 2.0-2.5 times.
     On production crops on an area of at least 10,000 hectares, an interpolation method will be used according to the collected data, namely, for the relief, the content of elements in the soil, the NDVI value and the yield indicator. Dependencies will be established between the parameters that determine the main indicators of productivity.
     1.3 Introduce modern systems of equipment management and analysis of economic activities of enterprises;
The enterprise was transferred to a new software product. The organization of the system technical support service has been implemented.
Calculations of the optimal structure and combination of industries, taking into account the risks in the pilot farm, will be carried out.
     1.4 To develop economic models for the introduction of precise technologies for different types of farms in the North Kazakhstan region, indicating the costs of using the developed technologies per 1 hectare, an analysis of the cost recovery due to increased productivity, indicating the payback period:
     The following will be developed: 1) a methodological scheme and calculation of recoupment of costs for the introduction of innovative production technology in a pilot farm, taking into account the risk; 2) a set of economic and mathematical models to optimize production parameters in the context of the introduction of precise technologies in crop production, considering account risk.
     Calculations of the optimal structure and combination of industries will be made considering the risk in the pilot farm; the parameters of the economic model for the introduction of precise technologies for different types of farms in the North Kazakhstan region were calculated, with an indication of the costs for the use of developed technologies per 1 hectare on the example of LLP " North-Kazakhstan Agricultural Experimental Station"; the analysis of cost recovery due to increased productivity was carried out with an indication of the payback period in LLP "North-Kazakhstan Agricultural Experimental Station".
     1.5 Develop technological maps for the cultivation of agricultural crops, considering the elements of precision farming:
      Algorithms and graphical interfaces for drawing up operational technological maps will be developed; the automation of the calculation of the economic parameters of the technological map was made; developed a methodology and calculation of the coordination of agricultural operations. A database on the spread and development of pests will be created.
The main EPV pests will be identified. A recommendation on pest control measures will be developed.
      The dynamics of development of the main pests and diseases has been determined. An analysis of the possibility of regulating the phytosanitary situation will be given.
      Technological maps for the cultivation of agricultural crops will be developed, taking into account the elements of precision farming in the North-Kazakhstan Agricultural Experimental Station LLP.
     1.6 To develop guidelines for large-scale replication and adaptation of precision farming technology, taking into account the soil and climatic conditions of cultivation. To develop a scientifically grounded approach to maintaining elements of precision farming in production conditions. To prepare ways to use modern analytical and agronomic equipment for precision farming conditions.
     Methodological recommendations will be developed for large-scale replication and adaptation of precision farming technology in the soil and climatic conditions of the North Kazakhstan region.
     Recommendations will be included on the analysis of the dependence of agricultural crops on natural and climatic factors. Based on the results of collection and processing of spatial data on demonstration sites of 10 000 hectares, the state of crops, weeds, diseases during the growing season were analyzed based on remote sensing data; forecast of the yield of the main crops based on remote sensing data (ERS). The applied technologies of remote sensing of the land for wheat will be adapted to the territory of the North Kazakhstan region.
     1.7 Develop an agricultural production system aimed at optimizing long-term, farm-wide productivity with minimal negative impact on the environment.
     In order to develop an agricultural production system, work will be carried out to maintain and update the geoinformation database for a pilot demonstration site with a total area of at least 1 024 hectares. and a geo-information database was created for the pilot farm with a total area of at least 8 976 hectares. with the introduction of information on field histories, as well as spatial and thematic information.
     1.8 To develop technological methods for targeted differentiated processing of individual parts of the field, taking into account the small-scale features of natural conditions. To develop agrotechnical parameters for crop production, including the implementation of technological operations in accordance with the electronic map of fields and specifications of the region;
     Electronic vector maps will be developed with overlapping thematic layers on production fields with an area of at least 10,000 hectares.
     On the developed maps basis and the conducted agrochemical analyzes, zones will be identified for the development of targeted differentiated processing technological methods of field individual parts, taking into account the small-scale features of natural conditions in the North Kazakhstan region. Agrotechnical parameters of crop production will be developed, including the implementation of technological operations in accordance with the electronic map of fields and specifications of the region (in the conditions of the North Kazakhstan region).
     1.9 To develop and implement a package of applied programs for informatization, digitalization and optimization of economic decisions, as well as automation - decision-making without human participation in crop production based on a transfer and adaptation of advanced and foreign experience in the conditions of Northern Kazakhstan.
     A telemetry data collection network will be developed based on energy-efficient long-range technology at the EHOS for remote data acquisition. The data collection process will be established.
      An automated decision support system (a package of applied programs) for agronomists will be developed and implemented, taking into account the soil and climatic conditions of Northern Kazakhstan.
     1.10 To form the optimal complexes of machines and equipment for the implementation of promising technologies for the cultivation of corn, soybeans, wheat and barley according to the precision farming system and to evaluate them in terms of functional, operational, technological, energy and economic indicators:
     Introduce an optimal set of machines and equipment into the production crops of North-Kazakhstan Agricultural Experimental Station LLP in order to increase the productivity of agricultural crops: spring wheat, spring barley, soybeans and corn, while simultaneously increasing labor productivity by 2.0-2.5 times.
     The work on adaptation and implementation of the optimal complex of machines and equipment into the production crops of the North-Kazakhstan Agricultural Experimental Station LLP will be carried out: the seeding complexes with the Agronavigator-Batcher differentiated dosing systems have been modernized, the combines will be equipped with the Trimble yield monitoring systems in order to increase productivity from crops: spring wheat, spring barley, soybeans and corn, while increasing labor productivity by 2.0-2.5 times.
     Terms of reference will be developed for adapting machines to soil and climatic conditions and recommended technologies for the differentiated use of mineral fertilizers in the precision farming system.
     1.11 To develop an experimental model of a wide-cut, pneumatic seeder for sowing grain crops with automated control of the technological process:
      An experimental prototype of a high-tech, wide-cut, pneumatic seeder will be developed.
     Economic tests of the experimental sample will be carried out and analysis will be carried out. An experimental prototype of a high-tech seeder with an automated control module for grain seeds has been improved.
      Statistical data processing has been carried out, and an economic assessment of the efficiency of using the developed model of a seeder has been given.
     1.12 To develop an experimental model of a chisel-fertilizer for intra-soil differentiated application of the main doses of mineral fertilizers in a precision farming system:
     Working drawings will be developed and an experimental model of a chisel-fertilizer will be made, laboratory-field tests will be carried out and a draft technical assignment for the manufacture of its prototype will be developed.
     Editions by program:
     - Methodological recommendations will be developed for large-scale replication and adaptation of precision farming technology in the soil and climatic conditions of the North Kazakhstan region.
     Two articles in the KKSON journal, 1 article in an international journal with a non-zero impact factor.
      Within the framework of the program, 8 PhD, 14 undergraduates, 20 students' theses will be prepared.
     An interim report for 2020 and a final report for 2018-2020 will be prepared in accordance with GOST 7.32-2001.
      There will be prepared 10 theses of students, 14 undergraduates, 5 PhD doctoral students will be trained. Based on the results of international and republican conferences, 5 scientific articles, 3 articles with a non-zero impact factor will be published in domestic and foreign publications. A recommendation based on the research results will be prepared.
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Fle Edt View Inset Cel Kemel \idgets Help |Python3 O
+ @B 2 ¥ HRn B C W coe v|[e
Classifier.fit (X_train, y train) B T - T B

y_pred = classifier.predict(X_test)

<ipython-input-42-e4c56eacfeaa>:3: DataConversionkiarning: A column-vector y was passed when a 1d array was expected. Please cha
nge the shape of y to (n_samples,), for example using ravel().
classifier.fit (X_train, y_train)

In [43]: from sklearn.metrics import classification_report, confusion matrix, accuracy_score
print (confusion_matrix(y_test, y_pred))
print (classification_report (y_test, y_pred))
print (accuracy_score(y_test, y_pred))

e 20]
[0 2 0]
[e e 1]]
precision  recall fi-score  support
1 .00 .00 .00 2
2 .50 1.00 .67 2
5 1.00 1.00 1.00 1
accuracy a.60 5
macro avg .50 .67 .56 5
weighted avg .20 a.60 .47 5
0.6

c:\python3g\1lib\site-packages\sklearn\metrics\_classification.py:1272: UndefinedMetrickarning: Precision and F-score are ill-de
Fined and being set to 8.8 in labels with no predicted samples. Use "zero_division® parameter to control this behavior.
_uarn_prf(average, modifier, msg_start, len(result))

In [44]: print (y_pred)
print (y_test)
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Visualizing Important Features

Features
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Feature Importance Score

In [53]: from sklearn.feature_selection import SelectFromtodel

feat_sel = SelectFromModel (classifier, threshold=0.02)
feat_sel.fit(X_train, y_train)

print ( X_train.shape)
print ( y_train.shape)

(17, 84)
(17, 1)

c:\python38\lib\site-packages\sklearn\feature_selection\_from_model.py:222: DataConversionWarning: A column-vector y was passed
when a 1d array was expected. Please change the shape of y to (n_samples,), for example using ravel().
self.estimator_.fit(X, y, **fit_params)

BY 15-05-2020 08-04-

p ~ | B nom2020ypoxaii.rar A~ | B COCMK033003-.doc A | B Ukpopmawssnon.xls ~ | WE Oruernoysopke..docx ~ | HE Orvernoysops

"= T





image5.wmf
j

Cos

N

G

л

л

=


image106.png
B0 |®[@]|6 |6 | B vmec x| [ Pator x | G ncres x | @ Sentin x | § Sentin x | @ Norm x | § Sentic x |y derka x | @B 65pe X | G sentin X | G crama X | G jupyte X | ) Ye 40 x | S tproje X 8 ooce X + = x

C @ localhost:8888/notebooks/Tprojecyt/skhos/¢ociop.ipynb * @z @O0

Ceprucs @ SciHubiycrpaesn. [ Python [ wasxcewkownon. [ cramen [ rcpssmwnos [ mpunowenss || aswe/cwmicn [ paasp [ ASTROBGERT [ 0N [ re——
' Jupyter docchop Last Checkpoint 21.07.2020 (autosaved) A oo

File  Edit View Inset Cell Kemel Widgets  Help

|Python3 O
+

@ B A ¢ MR B C W coe v e

In [66]: y_pred-classifier.predict (X_test)

In [67]: print (y_pred)
print (y_test)
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In [68]: from sklearn.metrics import classification_report, confusion matrix
print (confusion_matrix (y_test, y_pred))
print (classification_report (y_test, y_pred))

[[2006808]
[62008]
[ee10e]
[ee10e]
[eeeo1]]

precision  recall fi-score  support

1 1.00 1.00 1.00 2

2 1.00 1.00 1.00 2

3 .50 1.00 .67 1

a .00 .00 .00 1

5 1.00 1.00 1.00 1

accuracy .86 7

macro avg a.70 .80 0.73 7

weighted avg 0.79 .86 .81 7

c:\python3g\1lib\site-packages\sklearn\metrics\_classification.py:1272: UndefinedMetrickarning: Precision and F-score are ill-de
Fined and being set to 8.8 in labels with no predicted samples. Use "zero_division® parameter to control this behavior.
_uarn_prf(average, modifier, msg_start, len(result))
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C @ localhost:3888/notebooks/Tprojecyt/skhos/docdop.ipynb. % O n oo
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In [74]: from sklearn.model selection import train_test_split
X_train, X_test, y_train, y_test - train_test_split (X, y, test_size-0.20)
In [75]: from sklearn.svm import SVC
svclassifier - SVC (kernel-'linear’)
Svclassifier.fit (X_train, y_train)
0Ut[75]: SVC(C-1.0, break_ties-False, cache_size-200, class_ueight-None, coefo-0.e,
decision_function_shape-'ovr’, degree-3, gamma-'scale’, kernel-'linear’,
max_iter=-1, probability-False, random_state=None, shrinking=True,
tol-0.001, verbose-False)
In [76]: y_pred - svclassifier.predict (X_test)
In [77]: from sklearn.metrics import classification_report, confusion matrix
print (confusion_matrix (y_test, y_pred))
print (classification report (y.test, y_pred))
[[1eoee]
[e100e]
[e100e]
[eeoee]
feeot1]]
precision  recall fl-score  support
1 100 1.ee 1. 1
2 050 l.ee  0.67 1
3 0.0 o.e0  0.c0 1
4 0.0 o0 0.ce o
s 10 oo e.67 2
accuracy 0.60 5
macro avg 0.5 e.se 0.7 5
weighted avg 070 e.0  e.ce H
c:\python38\1ib\site-packages\sklearn\metrics\_classification.py:1272: UndefinedMetricharning: Precision and F-score are ill-de
fined and being set to 0.8 in labels with no predicted samples. Use zero_division® parameter to control this behavior.
_uarn_pr(average, modifier, msg_start, len(result))
c:\python38\1ib\site-packages\sklearn\metrics\_classification.py:1272: UndefinedMetricharning: Recall and F-score are ill-defin
ed and being set to 0.0 in labels with no true samples. Use “zero_division® parameter to control this behavior.
_uarn_pr(average, modifier, msg_start, len(result))
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C @ localhost:8888/notebooks/1projecyt/skhos/dochop.ipynb Q % @ 8 = @ [+
Cepaucsi @ Sci-Hubiycrpanss..  [1 Python [ uwaekceiwxownos.. [] crawsu [ rucpasmaswoe [ npanoxewsn [ sawwie/cmcn [] passp [0 ASTROEXPERT [ ovn [ EEE——
“~ Jupyter ocop Last Checkpoint 21072020 (autosaved A Logout
Z Jupy P Last Checkpoin (autosaved) 2| Logo
File  Edit  View Inset  Cell  Kemel  Widgets  Help Trusted | Python 3 ©
+ < A B A ¢ MRin B C W Code v =
In [135]: from sklearn.metrics import classification report, confusion matrix, accuracy score
print (confusion matrix(y_test, y_pred))
print (classification_report (y_test, y pred))
print (accuracy score(y_test, y pred))
[[1e000]
[62000]
[e0010]
[60000]
[e0001]]
precision  recall fi-score support
1 1.00 1.00 1.00 1
2 1.00 1.00 1.00 2
3 0.00 0.00 0.00 1
4 0.00 0.00 0.00 2}
5 1.00 1.00 1.00 1
accuracy 0.80 5
macro avg 0.60 0.60 0.60 5
weighted avg 0.80 0.80 0.80 5
0.8
c:\python38\lib\site-packages\sklearn\metrics\_classification.py:1272: UndefinedvetricWarning: Precision and F-score are ill-de
fined and being set to 0.0 in labels with no predicted samples. Use ~zero division™ parameter to control this behavior.
_warn_prf(average, modifier, msg_start, len(result))
c:\python38\lib\site-packages\sklearn\metrics\_classification.py:1272: UndefinedvetricWarning: Recall and F-score are ill-defin
ed and being set to 0.0 in labels with no true samples. Use ~zero_division™ parameter to control this behavior.
_warn_prf(average, modifier, msg_start, len(result))
In [136]: print (y_pred)
print (y_test)
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In [173]: from sklearn.metrics import classification report, confusion matrix
print (confusion matrix (y_test, y pred))
print (classification_report (y_test, y pred))
[[1000]
[0200]
[0100]
[0 00 1]]
precision  recall fi-score support
1 1.00 1.00 1.00 1
2 0.67 1.00 0.80 2
3 0.00 0.00 0.00 1
5 1.00 1.00 1.00 1
accuracy 0.80 5
macro avg 0.67 0.75 0.70 5
weighted avg 0.67 0.80 0.72 5
c:\python38\lib\site-packages\sklearn\metrics\_classification.py:1272: UndefinedvetricWarning: Precision and F-score are ill-de
fined and being set to 0.0 in labels with no predicted samples. Use ~zero division™ parameter to control this behavior.
_warn_prf(average, modifier, msg_start, len(result))
In [158]: import pandas as pd
import numpy as np
import matplotlib.pyplot as plt .
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“~ Jupyter ocop Last Checkpoint 21072020 (autosaved A Logout
~ Jupy P Last Checkpoin (autosaved) >
File  Edit  View Inset  Cell  Kemel  Widgets  Help Trusted | Python 3 ©
+ < A B A ¢ MRin B C W Code v =
decision_function_shape="ovr', degree=3, gamma='scale’, kernel='linear’, o
max_iter=-1, probability=False, random state=None, shrinking=True,
t01=0.001, verbose=False)
In [166]: y_pred = svclassifier.predict (X test)
In [167]: from sklearn.metrics import classification report, confusion matrix
print (confusion matrix (y_test, y pred))
print (classification_report (y_test, y pred))
[[1000]
[0200]
[0100]
[0001]]
precision  recall fi-score support
1 1.00 1.00 1.00 1
2 0.67 1.00 0.80 2
3 0.00 0.00 0.00 1
5 1.00 1.00 1.00 1
accuracy 0.80 5
macro avg 0.67 0.75 0.70 5
weighted avg 0.67 0.80 0.72 5
c:\python38\lib\site-packages\sklearn\metrics\_classification.py:1272: UndefinedvetricWarning: Precision and F-score are ill-de
fined and being set to 0.0 in labels with no predicted samples. Use ~zero division™ parameter to control this behavior.
_warn_prf(average, modifier, msg_start, len(result))
In [168]: print (y_pred)
print (y_test)
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COMIHIK /U151 OBECTIEMERIIS! CTAPTOBOT 10361
MIUHEPAJIBHBIX YIOBPERHI [IPH BO3ETHIBAHII
3EPHOBBIX KYJIbTYP B 30HE 3ACYIIMBOI'O KA3AXCTAHA

e T ——
Beayiee wecto » crpane. Tlocemibie IIOWIM PHOBEIX STOTO ErHONa
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scproBEx 5 oGmell nocesHofi nomann = 66%. Tlo caom npmpoHo-
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KnaTieckin ocoGenrocTaM Cesepriii Kasaxcran oTHOCHTCA K 30He
PHCKOBAHHOTO 3eMICAEINA. DTOMY CHOCOCTBYIOT KOHTHHCHTATSHOGTS
KinvaTa, HHIKax BIArOOGeCIeNeHHOCTS  (cpeneronomsie ocank 200~
350un), conoosarocts  (19-38% cx. yromth) W mosceectsan
TIOTBEPACHIOCTS BeTpOBOTi 3pos 08 30 30 [1],

Cymecrayior TpH cmocola  pecemns  yaoGpesuH: ocosof,
HpUIOGeRHO! H NOTKOPMKA. B SaBHCHNOCTH 0T BiAa y1oGperii, crocoGa it
TCKIHOTOTH MK BHECEHI, BHOHDEIOT TOT HIH WOl KoMmeKe M. TIpit
HENOCTATORHOM KOTHYECTSE BIATH B TIOUHE DACTEHHS He TOTywaT B MOTHOM
olteme BieceHHe mMTTeTHiie Bemecrsa. Ilovrowy  ompenenenme
‘HanGoTee PALVIOHATHHIX CTIOCOGOB BHECHI Y0GpeHHit ABTFETER O 113
BaRGHIITX (AKTOPOB, ONPEIEAIONIX TYHIIYFO HOCTYTHOGTS INTATETBHSX
BEIIECTE /1A KOPHEBHIX CHCTEM pacresi

C uensio nossumenns spexuarocTs Menomssonan yaoGpemit b
WaSaTH TEpHON PAsBATHA pacTenii W nOBMeHHI ypowafiHocTH
KYILTYPH HaMi TPCVIOKENa KONCTPYKINA COMINMKA [UTA JEPHOTYKOBOH
CETH ¢ PASIETBHEIM BHECEHHEM CTApTOBOFi 403 MAHCPATBHBIX YA00peHHi
ke yposiua cevan Ha 20 w. Takoke POBEIEH PEIYTHTATH. NOTEBHIX
wemTarti.

TIpH BOSIETIBANIH SEPHOBHIX KyJISTYP BBIACIAIOT KpHTHTCCHIH TepHON
(10~ 15 i) 5 yenommax Cenepnoro Kasaxerana, Koria KopHesas cherena
MOTOTBIX pacteHuli PaSBHTa C1AGO H OXBATHBAET CPABHATETSHO HEGOTBILION
0GbeM OtBHL. BHeCeHHE AOTOTHHTEILHAX MHTRTCTHHbX BUICCTB B HTOT
nepion et Gomsmoe sauckme. Ocobentoe InaTEnE B KPHTHSCCKIi

(€pioR. Hveer YpoBeth Gocdatoro miTamms. B Kasaxcrame Gomsmas
TOTOBIIA MAXOTHAIX 3EMETh HMMEeT HISKoe collepate ryvyca (2-4%) n
‘cmsaute 18 M. ra namwn Gexst Gochopom [2]

“Tak e BHeceHHem yoGpemii na onpeneeRHyio TyGHHY NaxoTHOro
CIOR MOAHO  PEryIMPOBATH MPOCTPIHCTBEHFOE DACTIONOKCHHE B oM
KopHeBoi crcrens! pacterf [3]

B KOHCTDYKIDUX ~CYWECTBYIOUDX ceAnoOK, T CTapromas 103
MIHCATOHIX  YIOOPEmiil BHOGHTCH pAYIETHHO OT CeMAH OCHOBHON
KYITYpH B pajHMe TODWIOHTH MOWBE, Tpedyeres  ycramoka
AOHOIHITEILHAX COIIIIKOB, TO YXYIIAET #X TPOXOIHMOCTS npi padote
10 erepHe u yopoxaer cromocrs [4]

B ocHosy paspaGoTin commnka (pucyso 1) a1 sepuoryxosoii
CTepiieBOlt CeATIH ¢ BOIMOKHOCTSIO BHECEHHA MHHEPATEHI yIo0peri 6es
HENOCPICTACHIOND. KOHTAKTA © CMEHIMM, B34Ta. KOHCTPYKLIMA JarioBoro
COWHIKE aNPOGHPOBAHHEIX b DESTHAILX TOBEHHO-KTHMATHSECKITY J0HIX
ctpat CHI' cexnok-KyavTubaropon C3C, OXHOBPEMENHO BhTOMHIONIN

»
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TIDETIOCEBHOE PHIXIIEHHE MOSBH, M0CEB, BHECEHHe CTAPTORO/E 103! TYKOB
TIOCICNIOCeBHOE MPHKATHIBAHILE.

a) 6)
PHcyHOK | — COLINHK 15 BHECeRIs CTapTOROf K03t MITHEPRILHEIX
YROGpenH: ) CXeMa JANOBORO COMMIKA © KAPATsHMKOM; 6) OGpaseL
TATOBOTO COHHKA ¢ HapaTBHIKOM

Merommca nensrranit _ouenxa_arporexmmiecian  nokasaencit
umomaact 5 coorsercrsim OCT PK 6.-2004 1 FOCT 31345 [5,6].

Jln perncTpaiin u OGPAGOTRH, NOTYHSHHED OKCTIEPUMCITATLHE
TQILIX, GL1A HCTIOTS305aH0 HIMEpHTEbHA HHGOpMAIONNEA CrcTena HIT
264 ¢ Monyex MC-S npowssozeTso KySHHHTRM [7],

TIo pesymiTaTaM IaGOPATOPHAX HCCTEIOBARHI YCTANOBTCHS, HTO 110
PABHOMCPHOCTH  3ATCIKH COMAH  COWMWK 7anoBii (phcynok 1 6)
npesoCKomIT cepaiii nanoseii comm cemki C3C 2,1

'AK e GLUIN NPOBCCHH NOTEBHE ONBITS, PEIyILTATS KOTOpX
noKasans p abe
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‘Talimia — CpaIITESHEIC HOKGSATeH KA'ECTBA PAGOTH! COLINHKG 1t
HCCEHIA CIapTOBOfi A0 NHCpLIL A YAUGPEHH H CepINON Crepicsoit
3CPHOTYKOBOIH CERTKI TP BHeCerHH YIOBpeiit b O TOPHSONT

Haerosae | Okcncpuvenmansian | Cepriiiat crepucaan
| noxasarencit cteprcnan seproTyKoBa
seprioTyKoBas ceni | cenka npi
© couKoM BHecein
pastensHoro yroGperii 5 oxi
Biecerm craprosoit ropwsokt |
| | nosw yuoGpennii
i ) 2 3
Hara 26052017 2605.2017 |
Kymypa Tuema copt «Actaran
Ciopocrs, saw/asc % | 90
Hopa puicena, kr/ra:
o) sazaas 120 120
6) pasrivscoran 195 1196

PABHOMEPHOCTE TIYGHIL Sk CCMAH COUTKH C ccpmiinn
commmayy cocTanAeT 8,76%, y cenii ¢ payLensHoM TTKOl CTapTOBOi
20311 yA0Gpetii 5,2%, T €cTh CommIK ¢ pastesHON aACAKOH CTaproBOl
20351 YAOGpesi 10 PABHOMCPIHOCTH ATETKI CEMAH MPEBOCXOAIT Cepiitsi
oMK Ha 3,56%, @ OKCrepHMCHTATHb commiK Ge3 ymIOTHUTETS Ha
1,56%

B KICCTIC COCHHOTO MTEPHATA HOOTb30MUUCS UEACILY TLICHIT
copra «AcTasay ¢ HOpMOJi Bhicesa 120 kr/ra, , noceana romHocTs 95 %
VaoGpenna «Aumodocr G mopwoit mcccin 30 Kr/ra. Hecneiosams
nposownch b ia nonmXKX. (Iyzano» Concpo-Kasaxcrancroli ognacti.

Bty MOBCHNON TPOCTONKH MEXTY CeMeHAMH M y0GpeHmAMI
ONPEACIIATH 110 ONCPEHHONY PASPE3Y Ha KOTOPOM OGHAPYREIH CeMeHa
YVAORperA, NPHKAQALIGAI ANHEHKY 1 1SMEPATI PACCTOA OT YOGpCHIA
10 cemenn

n
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Pucywok 2- Cpassiereas s awanins dkcriepuesansisx (Ro)
susucHMocTell TAOBOr0 conpoTRaEHIA Cenki C3TC 2,0 ¢ commasr
LA PRYICTLHOTO BieceHi CTapToBOlt 10361 yA00perHii OT paorici
cKopocTH arperara Viipi pas o rnyGHie 0GpaBoricn novas

QIS (pHeyHKA 2) NOKISHIEACT, ST ¢ YREHIEHHEM rIyGHHE Bazemcn
GeMAH PACTET TATOBOS COMpOTHBICHHE cenmi. TAKIA Ke JABHCHMOCTE
TATOBORO COMOTHRTCHINS 0T CKOPOCTH MIEPeMeIILE I ATPETATA. ARVIOTIUHAS
3ABHCHMOCTS PACKOZA TOTUTNBA OT TYOHH AEIKH CEMAH H CKOPOCTH
TIGPCMCILICHIA APeraTa GELTH MOTYIEHS! B XOME JKCTICPHMCHTOR.

THo pesysTaTay omeIToB yeratonaeo:

- ypoxalitiocTs Ha OMTHOM ysacrie cocrammser 26,61ra, a wa
KOHTpOILHOM yuacTKe 22,9413, TaKiM OGPA3ON, paskinua cocTannset 16%.

- TATOBOC COTIPOTHTCHIE KCTIEPHNENTATbHOIi YCTaHOBKN CTCpHEBOl
SCPHOTYKOBOi CERTKI (DHCYHOK 2) ¢ DADICTHHBM BHECGHHEN cesyn it

yaoGperli mpessimaeT TATOBOE cONMpoTHBIeHHE cepuitiofi CICTC-2,0 Ha
1,5-5%,

Crcox mreparypn

1 Mateprai PecnyGmmsaicKofi Hayuso- Teoperiteckofl Konepesuii
«Cefiynmmcine wiewns — 9: wowsili BeKTOp paMTHL  mhcHEro
GpasoBaui 1 HayKin» MoceAeRHA 0 Tepsoro Npeswaena Pecnybam
Kasaxcras. ~2013. - T.1, 5.1 - C. 3840

2. Eneues P.E. Mpuveriene wnieparsisix yroSpermit n Kasaxcrare:
cocToRme, crpateris 1 mepenextum. /TlpoiBoneTso H npmvchcre
MtHepaTBHAX Y10Gpertii 5 Kasaxctase. — Tapas, - 2004, c. 5-12.
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Cexun 1. Hombe pecypeocheperaioiiie TeXHOOTN 1 TEXMITECKHE
cpencTBA NPONIROICTEA W MepepadoTKN npoay ki ATTK.

@ypuanson B.A.. Kani . B, Manwen BX.
PE3YJIbTATbI HCTTBITAHWHA M [IEPCIIEKTHBI PASBUTIS
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Kocranaiicxui wawan TOO «HIILL arpomnxenepin», r. Koctanaii PecnyGnuka Kasaxeran

BJIMSIHHE CNIOCOBOB NOBEPXHOCTHOTO VJIYUIIEHHS
HA YPOKAIHOCTb CTAPOBO3PACTHBIX MHOTOJIETHHX TPAB

Ammoranus

Ot w3 €N0COG0B OBMILEHIS MPOAYKTHBHOCTH CTAPOBOSPACTHEIX MHOTOTETHINX TPaB
smasercs nobepxHocTHOe yaysmenvie. TI0BCpNHOCTHOE ylywuieHHe OBecnieumBaeT yayuumente
BOIHOTO, BOVIYWHOTO 1 MHINEBOTO DEAWMA, ODCCTICHHBACT [UIHTENSHOE BDEMS NOUIEPAAHHS
'KOMOBLIX YIOZseB B COCTOSMIMH HaMGOTbUIE XO3SFCTBCHHOT ICHHOCTH, KOTAA OHH HAXOLATCR B
~KOpHeBLIHOR 1 phXIOKYCTOBOH cramusx. B Kocrawaiickom puawane <HITLL arponsenepiiy o
POBCAEHS HCCACIOBANIS 1O H3YICHMIO BIMAHIS NOBEPXHOCTHOTO YIYHUICHHS HA YPOAQHHOCTS
CTAPOBOSPACTHBX MHOTOZCTHIX TPA5. BSUIH NPOGHATHSMPOBANb BCC BAPHAHTH TIOBEXHOCTHOTO
yryeHis GOpOHOBaHI, BiECEHHE YAOGPEHHH, NOTOCHH MOACES TPAB, ENCBAHIA W ONPECEHS
Gotee sdppexThBIC CIOCOGH yAyHLICHHS /U1 CCBEPHOTO Pertona KasaxcTan. ARATHS noKasa, ro
AN TOMBEHHMX YCAOBML CEBCPHOTO perWoMa Kasaxcrama Goiee AOCTYNMBII COCOOEMM
YIydmenns ABISCTCH NOACER TPAB M ieienamns. TAKKe NPOBCACHS OKCTIEPMEHTATLHMC
MCCHE0BAHIA BIMSHIE TIOTCERa TPAB M LENCBAHIA Ha YPORAFHOCTS CTAPOBOIPACTHEIX MHOTOTCTHIX
Tpan. PesynbTaTH HECAEAOBAHHI NOKARAIH, HTO TyMILIM CTIOCOGOM NOVICPAAHIS 1 yIyumens
CTAPOBOSPACTHNX  MHOTOETHHX TPAB sBIACTCA mONOCHOW noxces Tpan. [l pesymratam
HCERETOBANMIT YCTAHORIEHO, 'O TIOTOCHOT IOICEB TPAB AGCT NPHOABKY YPORAA K KOHTPOIO HA
15,7% a npw nposezen wieenarue Ha ryGury 30 e npHOABKA cocTania 8%

Kuouesste c106a: nosepxnocmuoe yryuuentie, nodces mpas, cmaposospacmueie mpassi,
wenesanu.

Boerenne.  KOpMONPOWISOICTBO  SBISCTCH MM M3 AHGOZEC  OHEPrOSMKINX
TEXHOTOTIMECKIX  TIPONECCOB B CeNCKOM  XOsiicThe. OCHOBHOR  KOpMOBOR 0asoi s
UBOTHOBOICTBA B YCIOBHAX CYXOTO M AGKOTO KIMMATA CenepHOTO permona Kasaxcrama, ¢
OIPAHIMCHHbMI_ BOTHBINI PECYPCANI, SBISIOTCS NDHPOTHME CEHOKOCH, MACTOWIA, W CeRHHME
MHOTOZCTHME TpaB. MHOTONETHHE TPaBH 0OECTIEHMBIIOT AMBOTHSX MOAHOAHBIMH KOPMANI ¢
‘pastiei BecHsi 10 ayGOKOH ocers. O He TPEGOBATELHb K TEILTy, CeMEHa HX Tpopacraior npi 2'C
TeILna, & BCXOB BAEPAMBAIOT 3AMOPO3KiH 10 -8-10°C, K 3aCYXE YETOMMMBH, @ TAKGKE YCTORIMB K
Moposan. 3 MHOTOETHIX TPaB SQrOTABIMBAIOT CEHO, CEHEA, IDAHYTH M OHKCTH, A Taike
HCTON3YIOT B KaUECTBE NACTOUIHAIX KYTSTYD.

C Tedenien BpeweHH MPOIYKTHBHOCT CesMbX TPaBOCTOSD mataet. Tewmsi chivkenis
YPOAQED JABHCAT B OCHOBHOM OT CIOCOGOB OGPACOTKH, HCTIOTSIOBAHIS H BIIO BHCEBAEMBIX TP
Makcivanssuili cpo, npH KOTOpOM TPABOCTOH 10 YPOKAHHOCTH MPHOTICKACTCH K YPOBHIO
uemmmsx evens, cocramaser $-10 ser [1]. B cpemew, yae Ha 4-5 rox nenomsiosams
nabmonaeres pesoe cuikenme yporafimocri [2]. Tlo Aanms MHOTOTETHMX HaOmOZCHNH
BHHH3X, ypomalisocTs, €CTECTBEHHSX CEHOKOCOB B CPEAHEM COCTamIAeT 2-3 W ¢ a0conOTHAN
aeinyviow 5,7 wra so namsie ronsi [3].

Tpwshan CHIDKCHIS IPOAYKTHBHOCTH FBISETES YXyAUICHHE (HHICCKHX CBOFICTS NOBS,
BOTO - H BOYIYXONPOHHUAENOCTH. 3HAUHTETHOE RTMSHIE Ha STOT NPOIIECC OKAHBACT YILIOTHEHHE
HOWB XOA0BHIMH CHCTENAMH YODOUHSIX 1 TPAHCHIOPTHNX Arperaros. B NOBEPXHOCTHOM cl0E
ILIOTHAR 1I0YB NOKPHBACTCR THEUIMHANH, 4TO CTIOCOCTBYET YBETHUEHIIO HCTaperis. CHITKAETES
CHIOCOHOCTS K BETCTATHEHOMY M CCMEHHOMY BOIOOHOBICHIO. VIHCTEHHMC UCHHBIC KODMOBHC
TPAB BUTECHSIOTC COPHEIMH PACTEHHMM.

Takiw 0GP3OM, HISKONDOIYKTHBHSE CESHIC  ECTECTBCHHHE TPABOCTON HEOGXOMHMO
YIYHUATS, Te. NPOBOMTH KOMIICKC MEPONDHSTHA 1O MOLIEpKAHMIO YPOAAHHOCTH HA
onpeenentow ypose.

‘M 3 MEPONPHSTH TIOBBILICHIS NPOYKTHBHOCTH CTAPOBOIACTHBIX MHOTOETHIX TPAB.
swasercs noepxHoCTHOE yaysmenie. TIOBEPRHOCTHOE YTy HUICHHE HATPABIEHO HA HCOTKIOBIHHE
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OTILIBUIBOCTS COPTOB HPOBOI LI HA OBPABOTKY
WB-PLUSH IPK GBETBITL KEMHT

Topocesa Erena Auamorsesna
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Wecmarosa Huna Adaoena

Ranoudam cesmcxazosmiemaeex nay douenm,

Kanazcnud aspomesmicnut yuisepeimen o C.Ceigyvuuna
eopoo Hyp-Craman

Caxan Pycaan Fadumy

sacuempanm Kaaxexozo azpomedniuecsaco yuuacpeumena
. C Cobpyauuna, 0poo Hyp-Crman

Aumoranun. TIpactika HCHOmI0RMINE TPOISOTITSHN BCLECTS, KOTOP CTIMYIHPYIOT POCT 1t
PasBTIE pacTeu, Yo HTHBAIOT CTOTAHBOCTL X RHCHAIN BOVICHCTBAEN, Kk CACICTRNE YRCIUBIOT
Vpoaliocrs . KuteeTHO Sepi, CTLI0 GGREIPIHSTON TpAKTHKDH TCXHOIONUN BOSCILBI NORCHEY
Syaryp. Borbtioe pISHOOSPAM X BMIYEKA TPESyCT TLRTEILHORD YA ACTLAIALN FICHEHN B
censcxoxonsicracaol npasike. B TpOUCCE yicii cOpEa Aposoll MarKoil TS ROCHE o6paSor
NI OpFaHO-MINPAN Cuccmn (OMC) it «B-plus TIPK B Keweyrn yaeawausacr
BcreTaTByiOMacey  POAYCTHBMOETS, Yy AIOTTCXHOTOrIECKUC KaicTea 2epa.  CriTLE mpCACTARICH
At oGpaGorsa cesat e i OMC s popuHpORIIIS YPOJKAHOCT COproS ApORO NATROR LGS
Acraia . Kaparasmicsas 30, Hecaeromaisht YCraiotcns, 470 copfosaa peskie Marvoll mueniis
o183 ey OTUHBOCTS s 05paSOTIH penapTIIL Tak oy PORILIOCTL P OF pINCICIIS
i B ploss TIPKcenh Kewyrs — copra Acrasa 27,87 wra, copra Kaparanceas 30 - 32.16 wra
(npuassa +6,3: 875 ra » cpamscin ¢ KOuTPOIEH ) P oI KoseeTea KacHkom 1 0,122 2% i

“Abstract. The practice of manufactures using substances that stimulate the growth and development of
plants, ncrease the reistance o externl inflacnces, and a & result ncrase the yikd and quality of ran,has
ccome o commn practice n fed culivaton technology. A wide varicty of thei producton requires carciul
suady snd detild spplction in sgriculturs practice. In he process of sudying the varicty of pring sof wheat
e testment with the studicd organo-mineral mistures (OMM) of the B-plus lnc, PRK «White Pary incrcascs
the vegetative mass and productiviy,and improves the esological qualtics of gsin. The artcle presens dta
onthe proceseing of seeds and lants of OMM on the formaton of th yildofvritssof sprin soft wheat Asans
and Karsganda 30, Stdics have shown that th varital reaction of soft wheat showed difernt responsveness o
ncament with drugs. Thas, grai yield was obained from the us of the B-pls lne of PRK «White Pears -
‘Astans varcies 27.87 ¢/ ha, Karsgand varcties 30 32.16 ¢/ ha(ncrcase + 6.3 8.15 ¢/ b incomparison with
the control) it an increase i the amount of lute by 0.1-2 2% and is qualty.

Knvucatie  Ciosa:  ApoRSA ICIS,  OPFAO-MRICPATLIG  CMCCH,  NCKOPICHS  HOTKOPNKH,
spoalinocrs, Krcicoma

‘Keywords: spring wheat, organic mincral mixturs,fola top dessing, productiviy,glten.

Orpasnsscunic _crocoSiocrn kyuTypuicx pacteuiperyauposars caoo BT cpexy
OfycaORIIIOT HeOSINO BAGORYID 1 SMICHNOCTS O TOTREII-KINATIECIA i TOTOABEX yCIoR,
Lk K20 e OXaSRRCTICHNOM K1Y SPKTCPH CBOR TPOT0 OPEACICHNSS SBICINOST BN
it KatecTea ypoxas OF HPOCTPNCTICHIORD L BPENCHHORD TPATICHT) TEMICPATYP, ATKHOCTI, OCSCEHIE,
COTCRAINA VICMCITOR MAICPAIORD HTSILA B 1 coieTa. Tl TToN WACHCIN YPORSIIOETH 10 Fo33M
n Gomumicria cencroowcTIcuY KyTYp B acromce spews o 60-80% samcir o1
eperymipyestsx gacropos i cpes (6,3

B o ac e o1 0cOBCIo B CAHORMTES OSBOCINE APOTCXHISECKI IEHDS, O5CCHETBIOLIES
opuuposainc ypexas aBICH 07 KoscSaill MOROTISY. SeIoR, ¢ MK TP TPV 1
dutiancon. B caf ¢ STiot, O ) BUKHY. KOMIGHCHTOR COMEMOILY. TENIOSOI TPOIBBOICTE
ORI PACTEHIICIOACTEA SRIRWOTC FICA ¢ HEHOTLSOIES PeTYAETOPOR POCTS. 10 TPUPOTI it
CHITETICCAS OPFAMINCCKHE COUUICHLS, KOTOPHE B MATSX. naX SKTHSHO BUOT 1 GOMCH BEUCCTS
st o ———"—

ATpoTpnapaTs Hrpaor G011y o 8 YREIICHIN AXUTTHBL CocOSHoCTE pacrei, AT
¢ KIDHCHHOTO HOTCIAA, FOBMLCSLYETOIHBOETH K PN HESIATONpIATILEN BAXTOPAS L. 10
6ycaoRICHO SKTHBHN OHCKOM HOBL, G0 XeKTUBHL, YTl ACTO0h OBLILCHS POy KHBHOCTIL
SEPAPHORD CORTOpa DEOHOMIHKH, TPERIE BCETO, 4 HCT MAIGSTPRTHLI TexioH (7, 3]
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Peryuposaiic pocra  pasmTLE PAcTsul € oMM OAOTICEKN AKTHBHLX BIIEETS NESBOIRET
ki, HampaRCHOC AIIGHI i OTACILA STATL OHTOFCHEN ¢ UEAHO NOSHIAN FEHCTIECKIY
ORI paCTICILHOTO PRI . KOHEAHON HTOR, IOBLILATS HpOYKTHBIOCTS i K2HCTS0 YPORIE
cenncronomsictacaiis syruryp (Le. 29

B pewymrare mpommorcraciix wemTani nauGornnyi0 MpdeRTIROCT. HOINI STTIENEE
OO 0 ORI TSNS, HATPARICHIS Ha YIPARICHAS CTPECCOM PACTEHHIL o STl

Sy AV —
SATHBO T o TS POCT AKTIORAETER T, 0 OHA YTIRICT HOTREHD-STINETICCRIE
Jeomit RopeTHoro XoMiersa i ocoBeHHOCT TOrOL IENeHcal] KEXA0rD o, Tpi HeoGXOTNOCT
[T RO S P - ———
9

X0 3 peAC ARSI MTCpIL10B, HECAORRINS, HATPARSEHIAE B IS AU OSpaGOT
penaparasen i B-pluss IPK e Kewyrs.

[ ——

Craonapiow onsie ua S0 TOO «Cescpo Kaaxc
2019 roan. Tlowss yuacrsa - sepiosss obiones
Boas:conepacryeyea —3,6%, pH-T.2, ruaposuicesas sucoThoTs.
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T 1
Crowm omirs
Corr o FTy— pr—
sorpon. [ompe— ,
Acraa
PR R Kopmcasis, 3030 etmescntas oGroSorsa
s
P T PK K A, 107 scxons
Kaparan- et IPK «BIKY nsepeansisiitn, 1.0 a/ra ymenns.
a0 [ Ko

TIPK AoKeamin 1IPK oo

L3 oo et DACTEHAL B K TR FTATE X KOMACKEOB G HETOTLSCRAIS HATyPATLI
penaparus Hencprerue P-K(TTPK) s "B-plus” (00O "Tpyna Kounast Arpolloes): 15 odpaGori
coan wenomsosan 1IPK. e Kewsyr Kopancmus (KK),  Tescm. sereratn suesopucsot
nomwopukal snocin [IPK cenit Kewsyr Awubpic (5K Awrugpun), TIPK et Kewayr
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of ol sowing (soil hardness of a least 6 MPa) wil be provided st a distance rom the post of connecton of the
plcment with th tracio o the s of rotation of the support wheelscqual 04,3 .3 . The disance from the 21 of
Syt o e e i th bzl plane i th i of concction of h bk with h fne sl bt the
range 0-300 m. During experimentalstdhcs, the sat of the <o st  rocessing depth of 030 cm corresponded to
the following verage indicators: soi hardness 4,8 MPa. humidity 16,3 % bulk demty 1,39 gicm The tets in the
Farm conditions were caried out at the travel specds of 7.2: £9 and 10,0 knvh. The depth of tlage with he chisel
A7 with e ds g ks 15,5 At e wking widh o83 v e of 15k
the working capaciy of the ageregate per | hour of the basic time 1 7.4 b, draught resisance 1 $2.3 kN. The fuel
‘Consumption per hour was 76,2 kg. while 9.7 k is consumed per hostare. The poveer consumed 1 overcome the
draught esistance of the implerment s 203, kW: The stabily ofthe fechnological peocess n terms of iling depds
i dragh resstance icaes the vl of e slected consrci parmeien of h chisl sbsoer o st
llage of subbie field

Keywonis: cational distance, location coordinaes, 5ol hiscling, agrosechmical, cnergy indices.
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MopoBHik maporosiossii — ciIbHOE HekTapotocHoe pacteie. Tlo Hauis
‘HaGIlOACHIAM, HTOT NOKXIATEIh B OTACIIBHEIC OBl MOAKET JOCTHTATS A0 670 Kr/ra,
CpelIss HeKTapHA# MpOTYKTHBHOCTL — 710 300 KT CaXapa B HeKTape UBETKOB B
pacuete 1a | ra IpH ONTHMAILHBIX YC/IOBHSIX BHIpAILMBANIS.

XaTkMa TIODHHICHCKAS JAUBETACT HECKOJBKO paHbIlle MOPAOBHHKA
waporonosoro. Jlantoe pacteHie YCTYHaeT 1o HeKTapHOH NpOAYKTHBHOCTI
MOPJIOBHIKY IZPOrONOBOMY B YC/IOBHAX leHTpa POCCHH, OHAKO, STO BEIAIOUIMIICH
muukuenoc. To ammsi 10B. Jlokykima, AIL Cammua (2014), wsysaesiii
noKa3aTlh MOKET JOCTHTATS 0 757 Kr/ra. TOT BWA sBIsETES Xopoueli cTpaxonoil
KyIbTypoll, Ha ciyuali eclM NPOMSOIIET SQICPAKA UBETCHHA MOPIOBHUKA
1IAPOTOI0BOFO I3-3 HIOTOHAX YEIORH.

XaThMa TIOPHICHCKas, SBIACTCS LEHHEIM PACTEHHEM, AOTOHAIOLIM 10CeRbl
MOpJIOBHIKA LIapOroioBoro. JKeNaTe/ kO OKOIIO Nacek WMET HeSoIBIIHE IIOLAAI
aToro pactenns.

‘Takaus 0Gpaon, BOIEBIBANIE OKOIIO Macek KOMATHIKA BocTouoro (Galega
orientalis),  xaTeMbi  Tiopumrenckoli (Lavatera thuringiaca), MopioBHiKa
waporonosoro  (Echinops ~ sphacrocephalus) nosomT  ymembuTs  3atpaTht
I14e/I0BOZCTRA  TIOBKICHT €€ PEHTAGEILHOCTS.
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Kb TOO (HITL] azpouncenepuu, 2. Kocmanai, Pecny@uxa Kasaxcman

Annomayus. B cmamee npedcmagnen 06:0p mexuonoauii u mexmueckix
cpedcma ons 3a2omoaxu paccunuozo cena.

Kuoueawe c10aa: pacconnoe ceno, yopka mpas, nueswonodGopupu,
nooGopupuk-nozpyzuu.
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Abstract. The article presents a review of technologies and  technical
equipment for the crumbled hay making.

Key words: crumbled hay, hay making, pneumatic grass cutter, windrow
pickup-loader.

KopMOIpOMIB0ZCTRO 3HUMACT BAKHOE MECTO M SIAETCA NpHOPHTETHOI
OTPACIIBIO B CEIECKOM X03HiCTBE, Tak Kak OT KOJIHHCCTBA POH3BCAGHHBIX KOPMOB I
X KaHecTBA ABUCHT 00CCHICNCHHOCT HACEICHIS NPOAYKIUe]i AHBOTHOBOACTRA.
KopMONpOHIBOACTEO OGLCAMHSET B CAMNYIO CHCTEM Bee OTPACIH CeNhCKOrO
XousiicTaa. KopyollpoiozcTao Taike obeciiednpact sdeKTiBHoe ynpapienie
CelbCKOXOMIICTRCHHBMH  3eMISMH W PAUMOHAISHOE  NIPHPOONOBIORANIE,
HOMIepHBAET B CelbcKoM Xo3slicTae HeoGXouMblii Ganatic otpacie [1]

Belylliee MecTo cpeit KOPMOBBIX KyJIKTYp JaHMMAIOT Tpassl. OHM JaioT
BHCOKHE YpOKAI 3e/ICHOM MACCH 1l KOPMA Xopollero kauectsa. Obectiedenie
CellhekoXOMICTBEHNAX AHBOTHBIX BHICOKOKAHCCTBCHHEIMH KOPMaMit BO MHOTOM
BHCHT OT cpokoB YGOPKH IeNCHBX TPABSHHCTHIX PACTCHMii, a Taike OT
DIpHMEHEHIS TAKHX CllOCOGOB 3ArOTOBKI, KOTOPHC CHIGKATH Obl A0 MHHHMYMA
NOTepH MHTATEIBMBIX BeliecTs. Bukneiiliee YCIOBHE IS 3ATOTOBKH TPARSHEIX
KOPMOB BHICOKOTO KaWeCTB — CROCBpeMHHoe CKauBaike Tpas. Mecaetopanmsyit
YeTatoBiieno, uto 15 Ceneptoro KasaxcTana olITHMATBHOI NPOAOTKHTEBHOCTEIO
YGopkil MHOrONeTHIX TpaB Ha ceto spaseTcs 8-12 cyTok [2].

VBellieHie NPOHIBOICTEA KOPMOR B IHANMTCILHOH CTEIlCHH 3aBHCHT oT
DIPABMILHOCTH HCMOMIORAHMS CYIICCTRYIOWIIX i BHEAPACMAIX TeXHOTOTMii 1t
KOMILIEKCOR MALIHH.

Corlacko CTATHETHYECKIM AQHHEM 0K07Io 80% NPOAYKIUH AHBOTHOBOACTEA
NPOM3BONNTCS B HACTHBX OABOPAX, MEIKHX KPECTRAHCKHX (dhepMepekix)
XousiicTaax, ocTaimecs 20% B KpYIHBIX KpeCTBAHCKIX ((hepMepexix) XodsiicTaax
H cemcxoxossiicTsernbIX npeanpusTtaX (TOO 1 AO).

B Cenepuiom KasaXcTaie NPHMHSIOT /IBe TEXHOIOTHi JarOTOBKH CeHa, B
nIpeccoBaMOM i pacchiTioM Bitze. TeXHOIOIHIO JArOTORKH PACCHINHOTO CeHa B
OCHOBHOM NPHMEHSIOT B ME/IKHX XO34iCTBAX JUIA COGCTBEHHBIX HYAUL M HACTHBIX
NOZBOPHIA, H3-32 OTCYTCTBIS CPEACTR Ha NPHOGPETEHHE KOMILIEKCa A1l JarOTOBKH
npeccoBaitoro cena. TeXHOIOMHS ATOTOBKH NPECCORANHOTO CeHa NIOAPA3YMEBICT
KpYIlHble BIIOCHHS ICHEAHBIX CPE/ICTR Wi-32 A0POrORHIHb IPHMEHACMBIX MALIH,
B CBAM C YeM JAHHYIO TeXHOIOTMIO NPHMCHSIOT B OCHOBHOM KpYINHHE
KpecThscKie (bepMepekiie) Xo3siicTRa U celbekoxodslicTBEHNEIC NPEANPHATHS
(TOO 1 AO).

Pacchillioe CeHO 3ArOTABIHBAIOT N0 ABYM OCHOBHEIM TEXHONOTHSM: IIpH
yGopke 1o NepBoli TeXHONOTMH IS CKAUIMBaHMS TpaB B NPOKOC HCHOME3YIOT
Koewnki KHO-1.6, KC-0-2,1B, KCT-2,1, KCI1-2,1A, KPH-2,1M, K/ITI-4,0, KTIT-
6,0, KIIN1-2, KIIT1-3 1 CKIT-10. Hocre npockixanis tpas Ao Biakkoctu 14-16%,
opspyior Bk rpabismu TBK-6A, TBK-6T', ITI-14A, TBP-6, ITI-10. [laree
CeHo I3 BATKOB IOAGHPAIOT B KON, OTBO3ST K MeCTy XpaHeHHs W ckupAyior. Jis
c6opa BAJIKOR HTIOIB3YIOT pavTHAHKIE BOIoKyIK. Tlo BTOpOli TeXHOTOTMH ceHo I3
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PE3YJIbTATBI 9KCIIEPUMEHTAJILHBIX HCCJIEIOBAHHII IO
OBOCHOBAHHIO IAPAMETPOB PABOYETO OPIAHA JUISI
IEJEBAHHSI CTAPOBO3PACTHBIX MHOT'OJIETHHX TPAB

H.B. Jlanmes, 10.B. Hoauwyx, A.IT. Kowapos
Kocmanaiicxuii rumuaz TOO «HITL{ azpouncenepuuy,
2. Kocmanai, Pecny6uxa Kazaxeman

Annomayus.  Ilpedcmaarens:  pezyomame:  uccredosanuii  napavempos
PaGOIX 0p2aNOE 01 Uj€nCEaNIA CMAPOGOEPACTINGIX MHOOTEMHIL MPAS € YETBIO
noeiuenus wx npodykmusnocmu.  Vemauogieno, umo  nepcnexmusnin  no
azpomexnueckun noxazamexsn sersiomes napavempel ¢ doromom S0 wx, yeo1
kpowenus 20 zpad cropocms dauncenus 7,2 kuu.

Kuoueavie c106a: wereaanue, werepes, wupuna dotoma, wupuna e,
WUPUHG PA3PBIXTEHHOI NOGEPXHOCTIIL, NOEPENCOEHIE KYToMYPHBIX PACmeHil,

Abstract: In this article the results of the research on the explanation of the
parameters of a paraplough for perennial grasses paraploughing are presented. It
was found that the parameters that meet the agricultural requirements should be as
follows: chiesel width - 50 mm, field speed - 7,5 km/h, tool post thickness — 30 mm,
due to better operational reliability.

Key words: paraplough, paraploughing, chiesel width, slit width, loosened soil
width, plant damage.

JL15 1011y eHHS Ka4eCTBEHHEIX KOPMOB HEOGXOMO HPOBOJIHTS MEPONIpHSTHS
1O YIYHIEHHIO CeHOKOCOB, 1 NacTOuIL, OJIHMM U3 AKX MepOMPUSTII ABIACTCH
S —

JUIf Ka¥ecTREHHONO BHINOHEHIS TEXHOTOMHHECKOTO NPONecca LIEeRANHs
NOMBH B CeBEpHOM pertioMe KaiaxcTama HeoGXoIMMbI TeXHiYeCKHe CPEiCTEA
2QNTHPOBAHHbIE K TI0MBEHHEIM YCIOBHSM PErHOHa.

Kocranafickin_dmatos TOO «HIILL arpomikeepiiny, NpoBoIHCE
HCC/ICIoRAMIS N0 OGOCHORANHIO NIAPAMETPOR PAGOYIX OPIAHOB UIA IEeBaHHs
craposospactubix Tpas. Llenh HeclexoBamiii onpejierieline BIMSHMS TOMMHE
CrOiiKN IWellepesa, UMPHHbI JIONOTa, CKOPOCTH BIKCHM arperata  Ha
AIpoTeXHIeCkie NOKAIATEIN B COOTRETCTRINH ¢ TpeGopanmsyi, TOCT 33736 [1].

Tipu  OGOCHOBQHHH — NGPAMETPOB  IENEE3a,  YCIOBHA  MPOBEXCHMS
HecrtefoBannii cpee sHatenus B cioe 0-30 cM, Ha MHOTONETHMX Tpaax.
cocTamisL: TRepOCTS ouBt 7.5 MITa, BiakioCTs — 5,7 %, obhemubii nec — 1,52
r/ent’. JUist npoBe/ienis Hece/loBakil HCIONb30BakEl 1Ba BapHAHTa CTOEK Lie/lepe3a
 TomumHoli 20 m 30 My W maGoparophas yeTamomka. KoHeTpykis croek
IIpeyCMATPHBACT BOIMOAHOCTS HIMCHEHHS LIMPHHEI A00Ta B npeienax ot 40 1o
60 saxt ¢ maron 10y prcyHok 1.
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TIpHMeHeHue CHCTEM ABTOMATHYECKOrO

H IAPALIETLHOTO BOAKIEHHS

B CeTBCKOXO03AHCTBEHHOM NPOM3BOTCTBE

Pecny6aukn Kazaxcran u 9¢ppeKTHBHOCTE HX HCIIOIB30BAHKS
10, B. Homumyx=, H. B. lanres', A. L. Koapos'

I arpomwxenepun, Kocranai, Kasaxcran
E-mail: y.polishchuk 62@mail.ru

[ —

Annomanpun. B cemesoossicraciios nposspocrao PecnyGant Kaaxcrat IFTCHCIRO SEIPRITES CHETENS! TOTORD
Seaunezennis. Tlo T GHpN-paspaCOTON 1t DLIEPCKI UEHTPOS, TOMHOS AIEIETI DOSBOTET CORDATIS IPATH
a mecesme yaoGpen,cevesa, CP 1t [CM » cpezpest s 20 %. Tlis Tost e 70 ORI IOYHeHst BOPGEHOCTS T0y-
et >beXTIBOCTL O TPUMCHEAII HETEM TOTHOT WMIEISTUIA B OMEIEACHIAE YCAOMUA X Hctios s, Tt
e ————
HOMICKIe ORI TP CPABIITe b T 1 Cenepo- Kisaxcrancsoll o6acri PK. Meroat necaenomam.
e e ——
SHpTETIECKIe, ACTTYSTAIONNO-TEXHOTONITECKIHG I SOHOMIFICKIe TOKKSTE APeTSTOB OGOPYIORI CIETENGNI
e
CTRYIOUIX TOCYIBPCTHERIB CTATAPTOS. PESSATATM. B CTATHe TP PESYILTITH CPuBTTH AL HCTNTA
‘omprcRBATER CaMOROHOND A MIEECEO TPOTOEE TOCESOR IS 1 53, 3 TARRE XHOYGOPOTIORD MGl
i yopxe nutes 5 yeToRRX Cepepioro Kawxcraa. 1eCTeI0RImUAMI YCTAORTeHO, TID TIINGHERE CHCTeNH GPS-
HABFAIII i AFTOMATIFICRORD YIpABIEIIS Ha NIBMIPOTOTRS MACIFHLD 1 XPHORAC KYSTYP CHOCORCTEYCE YBeTIIHIND
POIBONITeTSHOCT K3 14,6 %, CHIKEHIN0 Y64 HeprOSSTAT 1 § %, PACSQs Ton e — 1 17,0 %,  pacsora pao-
i et - 145 %. Tl 3Tow CoBORY e JTpaTs AEHEHS CPEICTS CHIEKUOTES 2 9 %, 010808 SOHOMIS COBO-
YT SSTPA JEHEANAX CPeIETS COCTARTART 6562,6 T, Tenre (1093,7 i pyS.). IpUNEHERE CHCTeN ISpATIETSHORD
S N A ———————
2,1 %, CDREHe COBORYTIHAIX T TeHeATHBX CPEICTR 1 3 %, STPAT TPYTA I YIGAHHORD PASXOTA T 5 1.4 %, mpit
7t FooRa DO COROKYINLE MTPAE AEHERIA CPECTR CocTaRIAET 233 4 . Tenre (389 . pyS). Haymas mo-
Buma. B ycaoana cepeprioro pesioa PK biepasi 1y 1eso RTISIIS CicTeN TP THORD i ABTONATIFIECHOT0 PORTCIIA
A T RCILTYSTALIIOHIAE 1 JKOHOMIFICCKIE HOKITEi PAGOTH! MAHOTPAKTOPILEY APEEAIOn.

Kkoeetie C1oaa: CPUBHITESAME ICTNTSIIS, TOTHOE SENTEIETIE, TAPATIETHHOS BIAEHIY, SSTOVATIFISCKO BOAIEHIE,
[ ——————

Jun wumuposawus: Ty 10. B, Tairen H. B, Kowapos A. T it icTest aSTONaTIECRORD i IOpaTiesuoro,
ocrenna » cerueoronsiicTReRHON TpOBOICTAE Kanacran n pesrimsoets ix nenomsomm // Arpap-
s e Vpara. 2020. 305 (196).C. 11-19. DOL: 1032417/1997-4568-2020-196-5-11-19.

Hama nocmynenun cmamsa: 23.04.2020.

Hocranonsa npoisewss (Iatroduction)

B nasane 90-x rozon XX nexa o oo arpapuo ey
T —
NS —————
amuraumomolt cucresst (GPS, Taonace). Hegomsoname
OO ToORD TSI TPRAET X TpOdpioRs-
o cebcroro xoversa. el pno cear i ocrove
[T -
THOCTH, TpOAOITE TBHOCTI, KaEcTN YPoAaS N OXpa-
[oep———]

Tomoe sewneseme mowarser compaTim, AT
uccemne yaoGpemni, covena, C3P 1 [CM & cpeatex

20 % [2). 3 ¢. 104], [4, <. 10]. Tloamo cospameraus 3a-
P SHeprin, pecypeos i yseeInts ypoalinocT ooe
SEICTEIIE TOOTET SHPORATS QTS 1 PO
Murteciie coicTRa OB, G0 IPIOGPETAST IPUSILTLIYRO
Gopary. yaoSiyio 27 mposereI arporeTCCKIY ofc-
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BJIMSIHHE [APAMETPOB IIEJIEPE3A H KOHCTPYKTHBHO -
TEXHOJIOTHYECKHX CXEM WIEJIEBATEJISI HA TSTOBOE CONPOTHBIEHHE

Ammorauus

B CTATHE NHBOASTES PESY/ISTATH MCHMTAHHI 110 BIHSHIIO NAPANETPOB PACOUIX OPIaHOB.
(11CEPE30B) 1 KOHCTPYKTHBHO-TEXHOTOTHMECKIX CXEM WIEACBTE A HA TArOBOE conpormanee. TIpi
POBEEHHI HCCEAOBAHHI MSMEHSICD CIEYIOUINE 1aAMETP! PAOOWIX OPFAHOB: TONIHA CTOKH
(20 1 30 wa), wpuia 207072 (40, SO 1 60 ew) 1 yroa kpomenns aonor (10, 20, 30 w 40 rpax).
OnpexeIANOC TATOBOE CONPOTHBNEHHE IATH PALTHIHX KOHCTPYKTHBHO-TEXHOTOTHUCCKHX CXEM
WeEBATEN, KOTOPHE TIOOYEPENHO  MOWTHPOBATHCE Ha  NACODATOPHO-TIONCBYIO  YCTAHOBKY.
MCeaenonanIA MPOBOTIINCE B COOTBETCTOMN C PAspACOTAHHON METOTKOR M TPEOOBAHMNH
rocy apeTBeHLX CramiapTos, Ha nonsx xossficrsa Kocramaiickoit obnacri. Tlpn nposexesi
CIEPHMEHTATBHEIX. HCCIEAOBANMH YCAOBHS HCTIITAMM GHUIN THINYHLIMM 1% 30HS CEBEPHOTO
Kasaxcrana. T10 esyabTaTan NpOBEACHHBIX SKCTIEPHMEHTATSHAX HCCIEAOBANHH YCTAHORNEHO, HTO
"HauMeHbILe TATOBO CONPOTHRIICHHE HMECT CTOMKA TOTLUHOF 20 Mev, ¢ WIHDHHOT 70107 40 v 1
yra0w kpomenis 20 rpaz. IpoBeeHHSIC HCCTEAOBAHHR 10 ONPEAENEHIIO BHSHIA KOHCTPYKTHBHO-
TEXHOTONIMECKIX CXEM WIEICBATEIN HA TATOBOS CONPOTHBAEHHE NOKAKUIN, “TO KOHCTDYKTHBHO-
TEXHOTOTIECKIE CXEMH HE OKAJHBAIOT CYICCTECHHOTO BINSHHS HA TATOBOC CONDOTHICHHE,
DASHULIA MEATY MIHIMATSHBIN H MEKCHMATSHbBM SHQUCHHEM TATOBOTO CONPOTHBIEHIS KOTEGIETES B
npenenax 8%

Kiiouessie c106a: wereeanue nosei, werepes, KONCMpYKMUSHO-MEXHOTOANECKTs CXeM,
‘mazosoe conpomusrenue.

Boerenne. B Kocranafickofi 001acTH KOTHHECTBO BHIATAOWNX TMOCHEDHEIX 0CATKOB
CPABHHTEISHO HEBETHKO W CHILHO KONEBIETCA 110 € TepPHTOPHH — 0T 260-280 Mt Ha ceBepe 1 10
80-100 wae a tore [1]. Jlis nOIEpkaHS KOPHEOGHTAENOTO CAOR B ONITHMATHHOM H CTIOCOGHOM
HOKOMMTL  MAKCHMATSHOC KOTWNECTBO TATSX BOX  COCTOWHWH, TPEOYETCH  mpoBEACHHE
pasHOTTYGHHHIX MeXaHHYECKUX 00paGOTOK. [Ipasinbiiii BIGOp TeXHONOMHI OGPACOTIH N0 B
'KOHKPETHOM 10 CEBO0GOPOTA SRIETCH BAAHSIN EICPBOM MOBILICHHS YDOKAHOCTH SEPHOBLIX 1
KopwoBuix kynbTyp. Taxie 0GPAGOTKH PEryAMYIOT MIOTHOCTS NOWBH, OBECHEUMBAIOT AydEe
HOTAOUCHHE 1 COXPAHEHME ATMOCHEPHIX  TATHX BOY, OGECTIEMBAIOT COIANHE HA TIOBEPXHOCTH
1013 BETpOYCTOMHBOTO My LMY RoULero €10 [2].

Tpaxruseckn ses Kocrawafickas 00JaCTh HAXOMNTCA B 30HE QKTHBHO  BETPOBOT
estensiocr. TlovTomy A1 npoBeneHs ocentieit 0GPAOOTKH CTEPHEBLX (OHOB PEKOMEHIYETER
HCTON30BETS OpYAHS, TIOYBOISIOLE MAKCHMATEHO COXPAHITS CTEPHIO W TIOAHHBHHIE OCTATKIH W
COVITH  MymbHPYIOIYIO  BeTDOYCTOfuMBYIO HOBEpXHoCTh. K Taki  opyaa  omHocsTes
wesesarenn.

llenenanvie nowBH NPHMEHSETES 13 0T0CHOT 0GPADOTIH CTEPHERLIX, NPONALIHLIX (OHOB 1
PEHAHAUEHO AR BOCCTAHOBIICHIS BOTHOTO 1 BOYIYWHOTO Ganarca mickwix cnoen. lllenename
HOWBL — 5TO NO0CHAR OOPAGOTKA CTEPHEBBIX MOAEH, B PEIYILTATE KOTOPOH MEATY CMEAHBINI
POXOZ@NI PABOUHX OPIAHOB OCTAIOTCA MONOCH CO CTEPHEH M HIMETBYCHHBIMH DACTHTETbHENH
ocraTkawm. Taxoe NOCACIOBATEAbHOE YEPEAOBaNME OOPACOTAHHLX MOKOC 1 CTEPHM ¢ MymbHei
CHIOCOBCTBYET HE TONBKO HAKOIEHMO WIATW, HO W € COXpAHeHWIO K Wauary nocesa [34]
AEKTHBHOCTS IpHEM? ENEBHHS OKASAH MHOTOWHCIEHHBINH HCCTCAOBAHHSH [5-8].

lleenanmie nepeyIIOTHEHHAIX 1045, MPH BIEKHOCTH 00PAGATHIBAENOTO 0% 0B §-15%
 ThepaocTn 4-6 MITa Ha CKOOCTH CBbE 7 K/, COBPEMEHHBINH LICICBATEIANM IDHEOTHT K
VBCTMEHMO OMN DHIEHHS, WMDHHN WEIH, BHHOCY KDYUMX NOVCHHX (pAKM Ha
HeoBpaGoTaHsie 1010CHL. B PERYLTATE 4€ro NPOHXOMIT NOTEPR NOBEHHOT BIATH, 3IETKA CTEPHI
H IMENLUCHHbX PACTHTEHBX OCTATKOB B 10MBY H HEOBXOMMMOCTS IDOBEACHIS JONOAHHTE bHO
TEXHOONIHECKOM ONEPRLIM B BecenHuTi PO IS PASPYLICHHS KDYITHBIX IOMBEHHAX (BpaKtuni
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