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ABSTRACT

The report 308 pages, 1book, 14figures,5tables,138 references, 13 appendices.
PLANTING OF VEGETABLES, FLEXIBLE DRIP IRRIGATION TAPES, MICROCLIMATIC CONDITIONS, MULCHING FILM, REMOVAL OF POLYMER RESIDUES, HYDRAULIC DRIVE
The object of the research is technology and means for removing polymer residues from the field surface in the post-harvest period.
The purpose of the work is to increase the efficiency of soil mulching and drip irrigation by developing mechanized means of removing them from the field surface in the post-harvest period.
In the process of work, theoretical and experimental studies were carried out to substantiate the parameters and operating modes of the mechanisms of the device for removing mulch film and flexible irrigation tapes for drip irrigation in the post-harvest period from the field surface.
As a result of the research, a technology and means for its implementation were developed for joint and separate harvesting of mulch film and flexible drip irrigation tapes in the post-harvest period.
The main design and technical and operational indicators: versatility of the developed device for joint and separate cleaning of polymer residues; low cost of equipment.
The degree of implementation - testing of the developed technology and technical means in economic conditions when harvesting polymer residues has shown practical applicability for large areas of a field with mulch.
The efficiency of the unit is estimated by reducing the labor intensity of the process by introducing mechanized technology to intensify the production of vegetables.
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DESIGNATION

In this report on scientific research work, the following terms are used with appropriate definitions:

	Weather resistance
	–
	it is the ability of polymeric materials to withstand the effects of various atmospheric factors (solar radiation, heat, atmospheric oxygen, moisture, industrial gases, etc.) for a long time without significant changes in appearance, as well as operational properties (physical and mechanical, dielectric, etc.)

	Biological damage (biological damage)
	–
	any change (violation) of the structural and functional characteristics of an object caused by a biological factor

	Soil mulching
	–
	covering the soil surface with a waterproof material to conserve moisture and enhance plant development

	Polyethylene
	–
	synthetic solid material obtained from the polymerization of ethylene

	Drip irrigation
	–
	irrigation method in which water is supplied directly to the root zone of the grown plants in controlled small portions using dropper dispensers

	Flexible irrigation tape
	–
	flexible polymer tubes with calibrated holes

	Mulch film harvester
	–
	device for removing mulch film in the post-harvest period

	Natural and climatic conditions
	–
	long-term statistical weather regime typical for a given area due to its geographic location

	Vegetable crops
	–
	agricultural vegetable plants grown by humans for the purpose of obtaining edible juicy productive organs, combined under the culinary concept of vegetables

	Decomposition
	–
	destruction, decay of a complex object

	Technological process
	–
	a set of scientifically and technically grounded methods of influence on changing or defining labor on a material until the required result is obtained




SYMBOLS AND ABBREVIATIONS

In this report on scientific research work, the following symbols and abbreviations are used with appropriate definitions:

	AIC
	–
	Agro-industrial complex

	PTO
	–
	Power take off

	USA
	–
	United State of America

	A0
	–
	Initial cross-section of the sample, mm

	D0
	–
	Factory roll diameter, mm

	D1
	–
	Diameter of used film rewound from the field, mm

	Fmax 
	–
	Maximum tensile load during tensile test, N

	Fr
	–
	Tensile load at the moment of rupture, N

	Fмк
	–
	Resistance force of the plant stems cutting mechanism, N

	Fc и Fд
	–
	Friction force of the vegetable product at the initial moment of box shift and at steady state motion, N

	Fок
	–
	Support wheel resistance force, N

	fc и fд
	–
	Static and dynamic coefficients of friction

	Gм
	–
	Device weight force, N

	
	–
	Number of soil removing discs

	Рс и Рд
	–
	Normal pressure force, N

	Rдм
	–
	Resistance force of the film edge cleaning mechanism, N

	R
	–
	Disc radius, m

	
	–
	Active disk area, m2

	
	–
	Segment arc angle, degree

	
	–
	Rolling friction coefficient

	
	–
	Tensile strength, MPa

	
	–
	Breaking strength, MPa








INTRODUCTION

The project on the theme: "Technology and means of removing mulch film and flexible irrigation tapes of drip irrigation from the field after the harvesting period" was carried out in accordance with the implementation plan of the budget program 217 "Grant funding for scientific research" (Appendix A).
Environmental problems associated with the production and use of polymers are, on the one hand, with their indispensability (due to the uniqueness of their physicochemical and consumer properties), and on the other hand, with the huge volumes of their production and products from them, which, ultimately, they pass into the category of waste hazardous to the natural environment. In particular, a large amount of polyethylene is processed into film materials, which one has to meet in production and everyday life at every step. These are packaging materials - bags and bags for food, various containers for storing various liquids (from water to mineral oils), which, having fulfilled their functions, are thrown away and disrupt the natural cycle of substances in nature. The problem is aggravated by the fact that industrial synthetic polymers such as polyethylene, polypropylene, polystyrene, polyamides, polyesters, etc. are very stable chemical compounds under normal conditions. Many of them are able to withstand the effects of solar radiation and atmospheric oxygen in combination with the effects of heat and moisture in natural conditions for tens of years without noticeable chemical destruction. Fragments are formed from polymers that undergo destruction, which remain in the environment for quite a long time and pollute it for many years [1,2].
Relevance. Ensuring food security of the country, improving the quality of life of the population, are the main tasks facing the agro-industrial complex of Kazakhstan, the solution of which can be carried out only in conditions of sustainable development of the domestic agricultural sector. One of the main directions for solving this problem is the development of plant growing, including vegetable growing to provide food for the population of the republic [3, 4].
According to statistics, the production and consumption of fruits and vegetables per person in the republic in recent years has increased significantly due to a decrease in exports and a slight increase in imports. However, the production of fruits and berries in the country is still two times lower than the consumption rate. The actual consumption of these in different years varied depending on the ratio of exports and imports, but was significantly lower than the established consumption standards [5, 6].
One of the effective methods of increasing the production of vegetables and melons is mulching (from the English word mulch - covering with straw or manure) of the soil. Mulching is covering the surface of the soil with any material. This agricultural technique is used in various climatic zones, in northern countries they mulch the soil around plants, warming them, and in southern countries they save them from heat and strong evaporation of moisture from soil [7, 8, 9].
In the republics of the post-Soviet space, mulching of soil with film on an industrial scale was not successful, due to the lack of polyethylene film, effective technological schemes for their use and technical means for implementing the processes of laying, planting and caring for the crop in conditions of film technology. However, field trials were carried out to identify the effectiveness of mulching, the analysis of which shows that this method is cost effective and does not degrade product quality [10-13].
In recent years, research has been carried out on the use of various materials for mulching the soil using a compressed mass, which includes mineral fertilizers, allopathically active substances of plant origin [14]. Such a composition after harvesting does not require the assembly of mulching material, since they completely turn into humus until next year. However, the cost of such a mass is still very high and unprofitable on large sites. Another direction of intensification of agricultural production of vegetables is to increase the efficiency of irrigation water use. One of the promising ways to solve this problem is to use the method of irrigation - drip irrigation [15]. In Kazakhstan, sown areas with the use of drip irrigation make up only 0.5% of all areas under vegetable and fruit crops. At the same time, in such arid regions as Almaty, Dzhambul and Turkestan (South Kazakhstan), this figure is, respectively, 0.1%, 0.3% and 1.6% [16].
The considered developments on the issue of combining soil mulching with polyethylene tape and drip irrigation are devoted to the work of a number of domestic and foreign researchers [17-26].  Considering the advantages of mulching and drip irrigation, technologies are used to combine them, by laying a flexible irrigation tape under the mulching film by combining film laying and flexible irrigation tapes with a bed former, they are able in one pass to form a ridge with a width of 45 to 90 cm along the upper part using side plowshares and a press roller and cover the soil with foil or covering material with different widths [27-29]. At the same time, the flexible drip irrigation tape fits very easily under the mulch [30-34].
In the post-harvest period of harvest, the plastic film used as mulch remains under the foliage and tops of the plants, which in turn makes it difficult to remove the plastic film from the field. Therefore, the fields are clogged with polymer residues, which in turn make it difficult to cultivate the soil, remaining for years if it gets into the soil. According to the timing data of the authors-applicants of the project, the laboriousness of removing the polyethylene film used as mulch is about 64 people * hour / ha [35].
All of the above, as well as the experience of world practice, practically requires the use of advanced technology for mulching the soil with plastic wrap and laying flexible tapes for drip irrigation in the production of vegetable crops in the republic, taking into account the soil and climatic conditions. This predetermines the need to develop a complex of machines for intensifying the production of vegetables and other crops.
For mulching the soil with plastic wrap and laying flexible irrigation tapes in sufficient quantities, there are developments and serial machines are also produced. However, the equipment for removing mulch film and flexible irrigation belts are lagging behind in quality and are very high in cost, and therefore they are not available to rural producers in Kazakhstan. 
In this regard, the development of technology and technical means for removing mulch film and flexible drip irrigation tapes is relevant for the effective use of polymeric materials in agriculture by eliminating environmental hazards for the human environment.
The subject of research is the regularities of technological processes in the mechanized technology of removing polymer residues from the soil surface after the harvesting period.
The goal of the project was to increase the efficiency of soil mulching and drip irrigation by developing mechanized means of removing them in the post-harvest period from the surface of the field to exclude side effects in the environment.
The achievement of the goal provided for the solution of the following important tasks: to develop a technological process for removing used mulching film and flexible irrigation tape in the post-harvest period from the field; theoretically and experimentally substantiate the operating modes of removing mulch film, flexible irrigation tapes and design parameters of the device for its implementation; to conduct laboratory studies of the proposed technology for removing mulching film and flexible irrigation tape during joint and separate work; to test the developed means for mechanized removal of polymer residues from the field surface; to evaluate the technical and economic efficiency of using the technology for removing mulch film and flexible irrigation tape.
The scientific novelty of the project lies: in the development of technology and technical means for removing residues of polymer materials such as mulch and flexible irrigation belts in the post-harvest period; theoretical and experimental substantiation of the parameters of the operating modes of the device for removing mulch film and drip irrigation tapes.
The novelty of the developed technological and technical solutions for the period of the project (2018-2020) is confirmed by patents: Device for removing mulch film (Patent for utility model RK 1782. 12.11.2015. Publ. 15.11.2016, bul. No. 15); A device for determining the friction coefficient of materials (Patent for utility model 3368. Appl. 03.05.2018. Publ. 30.11.2018, bul. No. 45); A device for removing and winding polyethylene films from the surface of the field (Patent for invention RK 34443. Appl. 09/13/2018. Publ. 07/03/2020, bul. No. 26).
All measuring instruments used in scientific research passed in accordance with the terms of the university's measuring instruments calibration schedule. Most of the devices and equipment were purchased in a new form, which had the appropriate certificates with the ability to use in the Eurozone.
As a result of the project implementation by stage, the following interim scientific reports were submitted:
- Technology and means of removing mulch film and flexible irrigation tapes for drip irrigation from the field after the harvesting period, state registration number 0118RK00442, Inv.# 0218RK 00411 (for 2018);
- Technology and means of removing mulch film and flexible irrigation tapes for drip irrigation from the field after the harvesting period, state registration number 0118RK00442, Inv. # 0219RK00814 (for 2019).
1 State of vegetable growing with the use of mulch film and drop irrigation
1.1 Necessity of vegetables production and fruits for human nutrition
The importance of vegetables, fruits and berries in human nutrition is well known. They are delicious, nutritious for healthy. Vegetables and fruits do not have a high energy value, but they are suppliers of essential nutrients (nutrients necessary for the normal implementation of metabolism), on which human health directly depends. Vitamins, minerals, easily digestible carbohydrates, dietary fiber - this is not a complete list of useful substances that are rich in these gifts of nature [36, 37].
For the normal functioning of the gastrointestinal tract, the body needs fiber, which is found in large quantities in vegetables and fruits.
Also, fruits and vegetables remove cholesterol from the human body and normalize fat metabolism. Vegetables and fruits are very well used in the treatment of ailments, increase immunity, as they, in turn, have medicinal properties. The use of fruits and vegetables for medicinal purposes is very important [38].
The components of fruits and vegetables do not harm human health, unlike products made on a synthetic basis. Researches have proven that eating fruits and vegetables every day in your diet can prolong human life by more than 10 to 12 years. This can also be proved by the use of fruits and vegetables in the treatment of various diseases using traditional medicine, in which many remedies are obtained with the use of fruits and vegetables [38].
The chemical composition of vegetable raw materials contains proteins, fats, carbohydrates and lipids, and vegetable raw materials have a capillary-porous structure. Biologically active substances such as vitamins, polyphenols, organic acids and minerals are contained in small quantities, they are responsible for taste and biological value. Vegetables and fruits are also an important source of mineral elements involved in the most important metabolic processes in the human body. The most valuable components of vegetables are various vitamins contained in them in large quantities, which are vital for human life [36, 37, 38, 39].
Lack of any of the vitamins in the human body can lead to serious disorders of various systems and cause serious illness. Vitamins are organic compounds needed to maintain normal metabolism. In order to maintain a healthy lifestyle, a person in the modern world needs to focus on products of plant origin, i.e. increase the diet of vegetables, fruits and berries.

1.2 Production of fruit and vegetable products in the Republic of Kazakhstan
According to statistics, the production and consumption of fruits and vegetables per person in the republic in recent years has increased significantly due to a decrease in exports and a slight increase in imports. However, the production of fruits and berries in the country is still two times lower than the consumption rates per person. The actual consumption of these crops in different years varied depending on the ratio of exports and imports, but was significantly lower than the established consumption standards [40, 41].
At the end of the year, about 90% of the domestic production of the considered vegetables is produced by households and peasant or farms [42]. The rest of the volume falls on agricultural enterprises. This shows once again that there is a problem of small-scale commodity production in Kazakhstan. Domestic production of these vegetables is primarily provided by ordinary agricultural producers. The main producers are 3 regions: Almaty (26.9%), Turkestan (South Kazakhstan) (23.4%) and Dzhambul (17.8%), their total share is 68% of the total gross harvest of the republic. Because on the territory of these three main fruit and vegetable regions, and these are Almaty, Dzhambul and Turkestan (SKO), most of the population of Kazakhstan lives. So, during this period there was an increase in prices for all types of vegetables. The main reasons for the increase in prices for vegetable products were:
- increase in prices for fuels and lubricants;
- increasing the income of the population;
- rise in the cost of services for the transportation of goods;
- inflation rate.
The production and sale of vegetables in Kazakhstan has a pronounced seasonal character, very few early vegetables are grown, therefore, they are import dependent. Hence the inflated prices during the period of decreasing offers. Therefore, the following conclusion should be drawn:
In the Republic of Kazakhstan, the production of vegetable products does not fully meet the domestic demand, despite the fact that the gross harvest and yield are growing every year. Kazakhstan retains import dependence on most vegetable crops;
Kazakhstan has stable domestic demand and imports most of its vegetable crops from neighboring countries (Uzbekistan, China and Kyrgyzstan). Export opportunities in large volumes are limited for the following main reasons:
- non-provision of domestic demand with products of its own production;
- sharply continental climatic conditions that do not allow for year-round cultivation of vegetable products;
- a limited amount of irrigated land suitable for growing vegetables;
- undeveloped technological system for growing vegetable crops;
- lack of a developed infrastructure for processing vegetable crops
- deficiency of irrigated water supply in regions with normal weather conditions.
One of the modern intensive systems for growing vegetables is the use of polymeric materials, in particular for soil mulching and drip irrigation. These systems can be used together or separately, depending on the type of products grown and technology. Despite the significant costs to use, these systems generate huge revenues.

1.3 Using plastic film to mulch the soil when growing vegetables
Mulching the soil with plastic film in the field is one of the few agricultural methods of influencing the complex of factors on which the growth and development of plants depend. 
Polyethylene film, as a material for soil mulching, is used in the field and in greenhouses in order to increase the yield and quality of the most valuable food crops [43, 44].
In foreign countries, the largest areas under film mulching are occupied by strawberries. It is also used when growing potatoes for early production and many vegetable crops (cucumbers, tomatoes, watermelons, zucchini). Film mulching is used in fruit plantations and floriculture [44].
In the republics of the former Soviet Union, on an industrial scale, soil mulching with a film was not carried out, since there were not enough plastic films, the most effective technological schemes for their use were not developed, and there were no technical means for implementing the processes of laying, sowing and caring for the crop in conditions film technology [44-47]. However, a number of field testing were undertaken to determine the effectiveness of mulching, analysis of the data, which shows that this method of cultivation is cost effective, does not degrade the quality of the product [48-52].
According to the authors, an increase in crop yields when mulching the soil with a film occurs due to better moisture conservation in the upper soil horizons, an improvement in the thermal regime of the near-soil layer of air and the upper soil layer, weak weediness of crops, saving of the upper soil horizons in a looser state [53, 54].
The use of polyethylene films also avoids the use of herbicides and provides early planting [55].
In addition to transparent film, the industry also produces color film and black film [56]. The data on its effectiveness are contradictory - some researchers point to the lack of effect, others received significant increases in yield. So, in foreign practice, mulching the soil with black plastic film [57] accelerated plant growth, increased early tomato yields by 40%, reduced fruit cracking and improved their quality.
Due to the different planting and seeding schemes of crops when mulching the soil, the width of the plastic film can vary within different limits. Most often, when using films on large areas abroad, the width is up to 140 cm [58, 59]. Most authors note that mulching with a film in wide strips (1m) is more effective than in narrow stripes [60-65].
In recent years, research has been carried out on the use of various materials for mulching the soil using a compressed mass, which includes mineral fertilizers, allopathically active substances of plant origin [66].
Such a composition after harvesting does not require the assembly of mulching material, since they completely turn into humus until next year. However, the cost of such a mass is still very high and unprofitable on large areas.

1.4 Using flexible irrigation belts for drip irrigation of vegetables
Another direction of the intensification of agricultural production, to a greater extent in vegetable growing, is to increase the efficiency of the use of irrigation water and its economy. One of the promising ways to solve this problem is to use the method of drip irrigation.
The study of world experience and the results of many years of experiments with drip irrigation systems in Kazakhstan in various climatic and soil conditions shows that the creation of irrigation systems of this type is effective and economically profitable when irrigating perennial plantations, vegetable, row crops and industrial crops, ornamental plantations, nurseries, etc. It is very effective to use drip irrigation systems with intensive technologies for growing agricultural crops, primarily vegetables, when the size and quality of the resulting crop largely depend on the accuracy of maintaining the moisture regime and diet regime. Consideration that drip irrigation is more expensive than conventional irrigation methods, it must be used with maximum efficiency, and only where it cannot be done without it. These are, first of all, lands with a lack of irrigation water in areas with prolonged droughts [67].
In accordance with the natural conditions in Kazakhstan, the Ministry of Agriculture of the Republic Kazakhstan has allocated two zones for vegetable growing and melon growing - North and South. The southern zone includes Almaty, Dzhambul, Turkestan (South Kazakhstan) and Kyzylorda, other regions of the republic are included in the northern zone. 
The main climatic features of these zones, which determine different directions of vegetable growing and melon growing, are characterized by the following indicators. The average duration of a period with temperatures above 10 ° C, when normal growth and development of vegetable crops is possible, in the northern zone is 110-140 days, in the southern - 150-190 days.
The sum of active temperatures is respectively 1900-2000°C and 3200-4000°C. The number of hours of sunshine for the northern regions is 1800-2200, for the southern regions - 2500-2800. These conditions limit the area of growing light-loving vegetable crops in certain western regions of the republic.
In accordance with natural and climatic conditions, the main sown areas for open ground vegetables are located in the southern region of the republic: Turkestan (South Kazakhstan) region occupies 24%, Almaty - 22.5% and Dzhambul - 18.2%.
However, at present in Kazakhstan, as follows from Table 1.1, sown areas with the use of drip irrigation make up only 0.5% of all areas for vegetable and fruit crops. At the same time, in such arid regions as Almaty, Dzhambul and Turkestan (South Kazakhstan) regions, this indicator is 0.1%, 0.3% and 1.6%, respectively [68].
The countries that were the first to introduce drip irrigation: England - 1948, Israel - the mid-50s of the last century, USA - 1969, Australia, France - 70 years, achieved high harvest rates of various crops. The limited water resources suitable for irrigation require the introduction of such irrigation methods that will significantly reduce the consumption of irrigation water. Using of traditional methods of surface and rain irrigation gives at least 30% of moisture loss due to evaporation from the soil surface and transpiration by weeds in the aisles. In addition, these methods contribute to the development of water erosion and soil salinization. The main advantage of drip irrigation is the continuous maintenance of optimum moisture levels in the root layer of the soil. Abroad, in the first years of using drip irrigation, it was noted that the largest increase in drip irrigation is observed in fruit, citrus and vegetable crops by at least 30% [69].

[bookmark: _Hlk54179430]Table 1.1 - Cultivated areas using drip irrigation in the context of regions in the Republic of Kazakhstan
	#/#
	Region 
	Drip irrigation area, ha

	1
	Atyrau
	217,3

	2
	Aktobe
	88

	3
	Almaty
	47

	4
	Zhambyl 
	142

	5
	West Kazakhstan
	140,1

	6
	Kyzylordinskaya
	0,07

	7
	Mangystau
	50,5

	8
	North Kazakhstan
	50

	9
	Turkestan (South Kazakhstan)
	810

	Total
	1545



Another major advantage of drip irrigation is a significant saving of irrigation water, which moistens only the root layer of the soil, excluding deep soaking and evaporation, as well as surface runoff and wind drift. Almost all water is used for transpiration by the plant, that is, for breathing. In foreign systems, the rate of irrigation with water decreased by 20-50%, and in some cases 75-90% compared to the method of watering by flooding. The degree of irrigation water saving is determined by climatic conditions, the drier the area, the higher the efficiency of drip irrigation. In the territories of the former Soviet Union, positive results were also obtained on the use of drip irrigation [70].
It is known that domestically produced drip irrigation systems were introduced in Moldova and the Crimea in the 80s of the last century.  Basically, these projects have failed due to imperfect drippers, poorly resistant to clogging and lack of reliable water treatment systems for irrigation. Israel is a pioneer in drip irrigation and has been continuously working to improve drip and water filtration systems for 40 years. Currently, 4th generation droppers are used, which are highly resistant to clogging [71].
About 70% of the water produced by man is used for the production of agricultural products in the world. Therefore, one of the directions for the intensification of agricultural production in the region is to increase the efficiency of the use of irrigation water. A promising way to solve this problem is the use of drip irrigation [72].
In the peasant farms of the Republic of Kazakhstan engaged in the cultivation of vegetable crops, the volume of use of drip irrigation is slow due to the remoteness from the central power supply, the need for energy costs, the cost of which is constantly growing, and the lack of reliability and efficiency of individual elements of the drip irrigation system.
The introduction of drip irrigation technology on the lands of the Southern region, the most favorable for growing agricultural products in terms of climatic conditions and acutely experiencing a shortage of irrigation water, will allow: 
- to significantly reduce the volume of irrigation water consumed; 
- to increase the volume of production of vegetables and fruits and berries.
Favorable soil and climatic conditions of the Southern region, the availability of irrigated lands allow for vegetable growing, horticulture, viticulture. The harvest from which can provide not only the needs of the population of the southern region, but also the northern regions of the country.
In modern agricultural production, there are many types of watering or irrigation. They differ from each other in the principle of application, depending on the grown plants, geography of use, cost, water and energy costs, etc. Mainly distinguish: furrow irrigation; by holes (watering by flooding); sprinkling (including micro spray); hose irrigation; drip irrigation, etc. [73].
Taking into account the advantages of mulching and drip irrigation, technologies are used to combine them, by laying a flexible irrigation tape under the mulching film. In the post-harvest period of harvesting, the plastic film used as mulch remains under the foliage and tops of plants, which in turn makes it difficult to remove the plastic film from the field [74].

1.5 Technology and technical means for removing polymer residues after harvesting
As a result of a literature review and a patent search on methods and technical means for removing mulch film and flexible irrigation tapes, the following types of technology for removing polymer residues were established (Figure 1.1). Discovered many designs of machines for removing protective film and tape from the soil [75-89] made it possible to analyze. A brief description of them is presented in Appendix B. 
Depending on the conditions of laying, mulching films and flexible irrigation belts can be operated together or separately. The laying condition depends from irrigation technology. Therefore, removal can be carried out in three cleaning methods. 
One-phase cleaning, where all operations are performed simultaneously, and it is the most complex and, accordingly, expensive, because multifunctional equipment is used. One-phase cleaning can be done in two ways: 
-performing all mechanized operations simultaneously; 
-burning plant residues and polymeric materials in the field.
Two-phase harvesting can be done in two ways: 
-removal of the mulching film in the first phase, and in the second phase, the drip tape is removed, in this phase, the stalks are trimmed by the combine harvester during harvesting; 
-the second method includes phases of cutting the stems and phases of simultaneous removal of mulch and drip tapes.


[image: ]

Figure 1.1 - Classification of methods for removing polymer residues from the surface of the sowing field

Three-phase removal is carried out separately, first pruning the stems, then removing the mulch film separately, and finally removing the drip tape. A review and analysis of methods for removing mulch film and flexible irrigation belts show that various types of technical means are used when performing. These equipment have certain advantages and disadvantages when performing established operations. These indicators are systematized (tables 3.2, 3.3, 3.4).

Table 3.2 - Methods for removing drip tape
	Ways to remove drip tape
	Advantage
	Drawbacks

	Not mechanized
(hand-held)
	[image: K:\Докторантура\Мульча\Отчет 2020 мульча\maxresdefault.jpg]
	- does not require mechanized and other means
	- poor efficiency
- high labor intensity
- high time consuming
- not convenient loading
- high transportation costs

	Mechanized
	[image: ]
	- reduction of labor intensity
- saving time
- ease of loading
- incomplete use of the carrying capacity of the vehicle
- the complexity of removing the rounded tape
	- requires special equipment
- does not remove mulch film at the same time
- requires an operator to operate


Table 3.3 - Methods for removing mulch film
	Ways to remove plastic film
	Advantage
	Drawbacks

	Without mechanization
(hand-held)
	[image: K:\Докторантура\Мульча\Отчет 2020 мульча\images (1).jpg]
	- does not require mechanized and other means
	- poor efficiency
- high labor intensity
- high time consuming
- not convenient loading
- high transportation costs

	Flame
	[image: K:\Докторантура\Мульча\Отчет 2020 мульча\burner-rig.jpg]
	- high performance
- does not require loading and transportation
	- requires special equipment
- environmental pollution
- incomplete burning of the mulch film

	Partially
mechanized
	[image: K:\Докторантура\Мульча\Отчет 2020 мульча\IMG_6394-1024x768.jpg]
	- improves working conditions for working personnel, which increases operation rate
	- requires special equipment
- high labor intensity of the process
- time consuming
- not convenient loading into a vehicle
- incomplete use of the carrying capacity of the vehicle

	Mechanized
	job-dedicated machinery
	[image: K:\Докторантура\Мульча\Отчет 2020 мульча\1118_lowles_photo1-300x225.png]
	- high performance
- saving time
- convenience when loading
- full use of the carrying capacity of the vehicle
- reduction of labor intensity
	- requires special equipment
- does not remove drip tape at the same time
- requires an additional operator
- operator ergonomics is not respected
- high cost of equipment

	
	Without job-dedicated machinery
	[image: K:\Докторантура\Мульча\Отчет 2020 мульча\Mulch-Film.jpg]
	- improves working conditions for working personnel, which increases productivity
- does not require special equipment
	- incomplete removal of the mulch film
- not convenient loading onto a vehicle
- incomplete use of the carrying capacity of the vehicle
- environmental pollution



Table 3.4 - Methods for cleaning mulch film and drip tape
	Methods for cleaning mulch film and drip tape
	Advantage
	Drawbacks

	Without mechanization
(hand-held)
	[image: K:\Докторантура\Мульча\Отчет 2020 мульча\1.jpg]
	- does not require mechanized and other means
	- poor efficiency
- high labor intensity of the process
- high time consuming
- not convenient loading onto a vehicle
- incomplete use of the carrying capacity of the vehicle

	Partially
mechanized
	[image: K:\Докторантура\Мульча\Отчет 2020 мульча\unnamed.jpg]
	- improves working conditions by employers, which improves performance
	- requires special equipment
- high labor intensity of the process
- high time consuming
- not convenient loading onto a vehicle
- incomplete use of the carrying capacity of the vehicle, due to a loose loading

	Mechanized
	Non-specialized technique
	[image: K:\Докторантура\Мульча\Отчет 2020 мульча\unnamed (3).png]
	- improves working conditions for operations staff, 
- does not require special equipment
	- incomplete removal of mulching film and drip tape
- not convenient loading onto a vehicle
- incomplete use of the carrying capacity of the vehicle
- environmental pollution

	
	Special machines
	[image: K:\Докторантура\Мульча\Отчет 2020 мульча\images.jpg]
	- high performance
- saving time
- ease of loading
- full use of the carrying capacity of the vehicle, due to dense packing
- reduction of labor intensity
	- requires special equipment
- winding mulching film and drip tape on one drum
- requires an additional operator
- operator ergonomics is not respected
- high cost of equipment



Methods for removing drip irrigation belts provide for manual and mechanized. Mechanized methods can be when the unit is moving or in a stationary position.
Mulch removal methods include: manual; partially mechanized; mechanized (specialized equipment or non-specialized equipment); using a firing device for burning the remains of vegetation and polymer materials.
Cleaning of mulching film and drip irrigation tape from soil surface during joint harvesting involves the following methods: not mechanized; semi-mechanized; mechanized. Manual (non-mechanized) methods of harvesting when using on the large area are very time consuming. With a partially mechanized method, you also have to use manual labor. The mechanized method has not been fully brought to its final state. It also uses an additional operator to control the winding operating modes by visual inspection and controlling at moving of unit. Either these units are very expensive (Figure 1.2). The cost of existing units varies in a wide range from 1046150 to 10226650 tenge when converted into national currency. In Kazakhstan, even wealthy commodity producers are not able to purchase such units. Therefore, they prefer the use of manual labor, which takes high costs of physical labor and time.

[image: ]

Figure 1.2 - Comparative indicators for the cost of units

1.6 Analysis of the studies studied, setting the goal and objectives of the study to remove polymer residues from the field surface
A review of research and development and best practice experience shows that the efficiency of vegetable production is measured by the yield and energy consumption of the operation. The most significant effect on these indicators is the preservation of moisture in the soil and the reduction of weeds during the growing period. These indicators, in turn, depend on the cultivation technology. One of the most effective cultivation methods at present is the use of mulch to cover the soil surface with various materials, including plastic film and the use of flexible tapes for drip irrigation [90, 91, 92].
However, after the harvesting period, the used polyethylene mulch and flexible tape creates certain inconveniences for soil cultivation. Transparent polyethylene must decompose when exposed to direct sunlight because it does not contain soot. The stems of the plant during the period of growing vegetables create a sufficient condition for the polyethylene to be in the shade. As a result, the polyethylene remains safe and has sufficient strength. Short days in the fall are not able to affect the plastic film to reach the final decomposition stage. A study by Wageningen University scientists on the use of plastic mulching in soil shows that plastic residues in soil can accumulate and lead to serious consequences of agroecosystems. As an alternative, biodegradable plastic films are a promising product for minimizing the build-up of plastic debris and reducing soil contamination. However, the effect of residues from traditional and biodegradable plastic films on the soil-plant system is not well understood. Studies have shown that the effect of macro- and microparticles of low-density polyethylene and biodegradable plastic mulching films on the bacterial communities of the rhizosphere, profiles of volatiles of the rhizosphere and the chemical properties of the soil. This study provides evidence for both biotic and abiotic effects of plastic residues on the soil-plant system, indicating an urgent need for additional research to study their ecological effects on agroecosystems [93, 94].
Thus, self-dissolving polyethylene mulch films have not been studied sufficiently and, when mixed with soil, they create certain hazards. Therefore, it is advisable to use a non-degradable mulch film and it is necessary in the post-harvest period mandatory harvesting from surface of soil. Considering the laboriousness of removal [35] and when using a large area, a mechanized method of removing film and flexible irrigation belts is necessary. Otherwise, the remnants of polymer materials create inconvenience for soil cultivation, remaining for a long time gradually decompose.
Based on the study and analysis of the known design of technical means for removing the mulching film, the following disadvantages can be noted, which must be taken into account when developing the design diagram of the proposed device for removing mulching film and flexible drip irrigation tapes:
- the complexity of the process of removing the wound coil from the unit;
- the complexity of the design and the high cost of equipment;
- performing the operation by repeated passes with different types of machines, which increases the cost of technology;
- the complexity of loading and transporting the harvested material, due to poor-quality collection;
- maintenance of the unit by an additional operator, which does not meet safety and ergonomic requirements;
-developments do not provide for the removal of the film when the stems of plants germinate through the mulch;
- separate devices are not suitable for cleaning different widths of protective films.
Taking into account the modern requirement of vegetable production, a device is proposed to remove used mulch and flexible irrigation belts while simultaneously removing plant waste to create natural mulch in the fall, instead of removed mulch film.
Increasing efficiency and expanding functionality is achieved due to the fact that the device has an increased productivity of winding film and flexible irrigation belts by automating individual operations and to exclude the operator to regulate the winding process on the unit (Appendix W).
The purpose of this work is to increase the efficiency of soil mulching and drip irrigation by developing mechanized means of removing them from the field surface in the post-harvest period. To achieve the goal, according to the project program, the following tasks and ways of solving them were set:
- Develop technology and technical means for the removal of used polymer waste (mulch film and flexible irrigation belts) in the post-harvest period from the surface of the field.
The technology for removing polymer residues includes: operations for freeing the edge of the film from the soil; cutting off plant stems protruding through the mulch; feeding mulch and vegetable waste to the conveyor; cleaning mulch from soil and stems materials; and winding a mulch film; winding a flexible irrigation tape on a drum with the help of a distributor. All operations are mechanized by creating a mounted universal technical means aggregated by a tractor.
- To theoretically and experimentally substantiate the modes of operation and parameters of the mechanisms performing the operations of the technical means for removing the mulching film, flexible irrigation tapes. The modes of operation were the conditions for performing the operation of the technology (movement of the unit, movement and winding of materials). The substantiated parameters were the constructive and kinematic indicators of individual mechanisms by means of calculations and experiments.
- To carry out separately laboratory tests of each operation mechanisms proposed technology and the technical means for removal of mulching films and flexible irrigation tape coexistence and separate cleaning. Laboratory studies were carried out on a soil channel with separate mechanisms of the developed technical means.
- Develop the design of a device for removing used mulching film and flexible irrigation tape. Based on the results of the research, a technical task was drawn up and not based on it, design documentation was developed and an experimental sample of a experimental device was made for removing polymer residues from surface field. The technical equipment includes a list of standard and non-standard components according to the developed design documentation.
- To test the developed experimental device for removing mulch film and flexible irrigation tape in the field. Test work included preparation and production testing of the new equipment mulch film remover and flexible irrigation tape. The testing of a new sample of the device was carried out in the Almaty region. The test was carried out by a group of developers with the participation of employees of the enterprise. The test results were a test reports in accordance with the state standard on the appropriate test method for agricultural machinery and equipment.
- To evaluate the technical and economic efficiency of using the technology for removing mulch film and flexible irrigation tape. The assessment was carried out in comparison with a foreign analogue. A monograph was published based on the results of research on the project topic. Taking into account the test results, technical documentation has been prepared to create a production model of the technical means.
2 Justification of parameters and operating modes of the device for removing mulching film and flexible irrigation tapes
2.1 Features of cleaning mulch film and flexible irrigation tapes on the proposed device
Removing the mulch film after the harvesting period is one of the labor-intensive processes of up to 64 man-hour / ha manually. The plastic film used as a mulching means cannot decompose from the influence of sunlight due to the creation of a shadow effect from the plant stems. Considering the long process of decomposition of polymer residues inside the soil, certain inconveniences are created for the use of the soil (cultivation, planting, watering, etc.) [95, 96]. Taking into account the difficulties arising during the removal of mulching film and flexible irrigation belts, a technology and a means have been developed for the following operations: mowing plant stems protruding through the film opening (creating a shadow effect); cleaning the edge of the film from soil or digging in; supply of mulching film and flexible irrigation tapes to winding drums; removal of the mowed mass of plants.
For the implementation of the above operations, a hinged device for mechanized harvesting of mulching film and flexible irrigation belts was proposed (Figure 2.1) [96, 97].
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1 - frame with support wheels; 2 - blade; 3 - segment mechanism for cutting plants; 4 - reducer; 5 - inclined conveyor; 6 - mulching film; 7 - reel tape for drip irrigation; 8 - hydraulic motor; 9 - belt drive; 10 - layout mechanism; 11 - rewinder for mulching film; 12 - drip irrigation tape
Figure 2.1 - Device for mechanized harvesting of mulch film and flexible irrigation tapes

The device in working condition is supported by two support wheels 1 and the hitch of the tractor. When transporting the device, the hitch is lifted and all working parts are lifted off the ground. In the working position, the support wheels of the device, like that of a towing tractor, move along the edge of the mulch strip, the cutting unit, due to the lowering of the tractor's hitch, rests on the mulching surface with shoes. When moving, the protruding stems of plants above the mulch are mowed using the mowing mechanism 3, driven by the PTO of the tractor connected through the gearbox 4. The edges of the mulching film after mowing the plant mass are removed from the soil by dumps 2. The mowed mass of plant waste, together with the mulching film 6, moves along the inclined conveyor 5, is dropped onto the field surface, while the speed of the mowed mass and the film has zero value along the horizontal plane. The removed mulch film after the inclined conveyor is wound on the drum of the film winder 11, and the tape, passing through the layout mechanism 10, is wound on the tape winder 7, driven by belts 9 from a hydraulic drive (hydraulic motor) 8. The inclined conveyor also takes the drive from the hydraulic drive, like the winding drum. 
Thus, the proposed device for winding a polyethylene film allows you to expand the functionality due to the use of a tapered drive device of the film winding drum. In this case, the winding roller of the film is used as a winding drum when spreading the mulching film, which is placed between the cones of the device. After the end of winding the film on the drum, the tractor operator can dump the packed roll with the core in a convenient place by moving the lever. The lever is connected to the release mechanism using a cable. When acting on the dumping mechanism, the conical clamps of the drum open and the automatically filled roll is dumped without the participation of an additional operator (trailer). The flexible tape on the drum is also removed from the ribbon rewinder shaft using a clamping mechanism. 
A means of removing mulch and flexible irrigation belts, in the post-harvest period, provides mowing of plant waste that protrudes above the mulch and covers the surface of the mulch field [32].
The machine, moving along the track, cuts off the protruding plant stems on the surface of the plastic film. In this case, the mechanisms wind the freed film from overgrowth on a transversely mounted rotating shaft. At the time of winding the film, the mown plant waste spreads after the machine to the soil surface, like natural mulch in autumn. This will ensure that moisture in the soil is retained and cut plant waste will decompose faster.
With separate harvesting of mulching film and flexible irrigation belts, this technical device can be dismantled and operated separately together with the tractor. 

2.2 Calculation of the pulling forces of the unit for winding mulch film
The theoretical substantiation of the design parameters of the device for removing the mulching film should be carried out initially with the calculation of the traction forces of the unit. This is necessary to determine the traction class of the tractor, which together with the device creates the machine. To do this, apply all external forces to the unit. According to Figure 2.2, the diagram of the effect of forces on the unit looks like a combination of the following forces:
- Gм - force from the mass of the device;
- Rдм - resistance force of the film edge cleaning mechanism;
- Fмк is the resistance force of the plant stem mowing mechanism;
- Fок - resistance force of the support wheel.
The following soil reactions act to the mechanism for freeing the edge of the film from the soil: Rx, Rу, Rz. The indicated components of forces depend on the soil properties, the angle of attack of the working body and the speed of the unit movement (Figure 2.3) [98, 99]. 
[image: ]
Figure 2.2 - Scheme of the effect of forces on the device

[image: ]
Figure 2.3 - Scheme of the reaction from the soil to the disk

To calculate the traction resistance of the disc when deepening by the value h2 into the soil with the specific resistance k, the longitudinal component is equal to

                                                           (2.1)

where S is the area of the active part of the disk [99, 100].
The area of the active part of the disc is defined as the area of the segment

                                                   (2.2)

where R - the radius of the disc;
α - the arc angle of the segment.
The pulling force for soil removal will be equal, taking into account the number of working bodies

                                                   (2.3)

where n - the number of the removing working bodies.
The resistance of the mowing mechanism is mainly due to the friction of the support legs located at the edges of the bar. Since the support legs of the bar are placed symmetrically relative to the longitudinal axis of the unit, then the resistance of the cutting mechanism depends on the weight of the bar and the coefficient of friction.

                                                     (2.4)

The resistance force of the support wheel depends on the load acting on the support wheel and the coefficient of friction on the rolling of the wheel

,                                                   (2.5)

where the weight of the device;
 - rolling friction coefficient.
Then the total traction resistance of the device is defined as the sum of the resistance components on the device [101].

,                                            (2.6)

The determination of the tensile force of the mulch film during the removal by winding was carried out according to the design diagram of the mechanism shown in Figure 2.4. The value of the tensile force of the film was determined for conducting in order to determine the ultimate tensile strength of the polyethylene film by experimental study. These values are necessary to create a winding mechanism operating with a certain film tension. For this purpose, a safety clutch is provided on the winding drum shaft.
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Figure 2.4 - Design diagram of the winding mechanism for mulching film and flexible irrigation tapes
2.3 Determination of the tensile force of the mulch film during winding on a drum
Considering that a weighty tape is wound onto the drum by gravity Q on an inclined plane with the total force P (due to the pressure of the film with plant residues and soil residues) on the conveyor, and at the same time the total force of normal reactions R appears on the horizontal section (Figure 2.5). After the horizontal section, the remains of plant and soil are separated, the film becomes almost weightless. In this case, the sliding friction force Fтс appears on the inclined surface.
[image: ]

Figure 2.5 - Scheme of the effect of forces in the process of winding

To solve the problem under consideration, the condition was assumed that the coil performs rotational motion. At the initial moment, the system is at rest. It was necessary to determine the tension force Fнат, which tends to break the tape. When the system passes the path l, the belt speed is balanced and will be ν = const, respectively, the angular speed of the drum will also be constant (wб=const). The equation for the change in the kinetic energy of the system

                  (2.7)

Since, the material system was considered, the sum of the work of internal forces is equal to zero, and therefore equation (2.7) can be written in this form.

                              (2.8)

By the condition of the problem . The kinetic energy of the system at a certain moment of time when the speed of the tape is equal to ν and it moves along the plane at a distance l, then the left side of equation (2.8), after substituting the values of the components, is written as the sum of the kinetic energy.

.                           (2.9)

Further, the total work from all forces and moments was determined by the following formula.

                             (2.10)

After substituting all values and solving the equation, the drum torque was determined

 .                  (2.11)

After canceling by radius r, an equation is obtained that describes the tangential force in the following form

 (2.12)

Thus, the obtained tangential force in equation (2.12) is equivalent to the film tension force. This force increases in a quadratic mode depending the angular velocity of the drum.

2.4 Calculation of the hydraulic drive mechanisms for winding mulch film and drip irrigation tape
The drives of the mechanisms for winding the mulching film and the drip irrigation tape were taken from the hydraulic motor, since the receipt of torque from the support wheels does not provide the required speed. This is due to the appearance of sliding of the support wheels when passing the unevenness and at the moment of turning one of the support wheels stops. As a result, a deceleration of the drum speed can occur and the tension of the wound material is released. Since both drums operate in parallel, a simplified hydraulic drive scheme can be represented in the following form (Figure 2.6).
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Figure 2.6 - Simplified diagram of the hydraulic drive mechanisms for winding mulch film and flexible drip irrigation tapes
Pump 1 delivers working fluid from hydraulic tank 2 through throttle 3 to two hydraulic motors 4 and 5 and from them through filter 6 back to hydraulic tank. The output shafts of the hydraulic motors through mechanical drivers are connected to the pulleys 8 on which the belt drives act.
We took the separate parameters, according to the diagram (Figure 2.6) from the condition of the technical characteristics of the tractor that moves the vehicle, such as the length and diameter of the main line the diameter of the drive pulleys (D), the tangential force to the pulleys () and the parameters of the hydraulic system pump tractor (maximum working volume - , shaft rotation speed - , volumetric leakage factor - , mechanical efficiency - ), pump delivery regulator parameters (setting pressure - ). The following were selected accordingly: filter resistance coefficient (); throttle parameters (), hydraulic motor parameters (working volume - , volumetric leakage coefficient - , mechanical efficiency - ). The parameters of working fluids were selected according to technical requirements: kinematic viscosity (ϑ), density (ρ).
Further, an equivalent circuit was drawn up according to Figure 2.7 of the hydraulic drive for the calculation [102, 103]. The design diagram of the hydraulic drive is a complex pipeline with a series-parallel connection of individual sections (simple pipelines) 1, 2, 3 and 4.
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Figure 2.7 - A variant of the equivalent circuit of the hydraulic drive of the mechanisms for winding the mulching film and flexible irrigation tapes for drip irrigation

The calculation was realized according to the following sequence:
- selection of the scale and construction of the characteristics of the pumping unit;
- drawing up the equations of characteristics for each simple pipeline included in the connection, and determining their coefficients;
- building the characteristics of simple pipelines and obtaining the total characteristics of the entire complex pipeline;
- determination of the working point, performing additional graphical constructions and analytical operations.
Taking into account the linearity of the characteristics of the pump and the
pumping unit with the pump displacement regulator, each of them was constructed using two points.
Following equations set-up of simple pipelines   characteristics are accepted for sections: 1 and 4 - turbulently; 2 and 3 - laminar. The characteristic equations for sections 1, 2, 3 and 4 are respectively constructed in this way.

                                             (2.13)
                                             (2.14) 
                                             (2.15) 
                                             (2.16)

Based on the data obtained, graphical characteristics are built: ; ; .
According to the rules of graphical addition of the characteristics of parallel sections (along the  axis), the total characteristics of sections 2 and 3 (line ) were obtained.
At the next stage, the obtained characteristics summed up graphically (line ∑2,3) with the characteristic  along the p axis, and as a result, the total characteristic was obtained of the entire pipeline (line Σ).
The intersection of the obtained characteristic of a complex pipeline with the characteristic of the pumping unit determined the operating point of the hydraulic system (point R).
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Figure 2.8 - Characteristics of a hydraulic drive pump for winding mechanisms for mulching film and flexible irrigation tapes for drip irrigation, obtained by connecting points  and 

As a result, the following was determined: tangential speed () to the pulleys of the drive shafts of the winding devices (mulching film, flexible irrigation belts or an inclined conveyor); power consumed by the hydraulic drive (N); efficiency of the hydraulic drive (η).
The data obtained made it possible to determine analytically the main parameters of the hydraulic drive. As a result, a hydraulic drive was installed for the developed device with appropriate parameters. To check up a more realistic picture of the indicators, experimental studies were carried out at the time of testing the unit as a whole. Experimental data are presented in sections 3 and 4.
The strength calculation of the PVC pipe core intended for winding during cleaning of mulch film was carried out using the Inventor Professional 2018 software. The flexural stress of a PVC pipe, taking into account the elasticity of polymer films and soil resistance during winding, obtained a pipe displacement (up to 451 mm) from its central axis. This displacement is accepted as permissible to maintain a steady state of the pipe between the pressure cones (Appendix G).



3 The experimental studies of the influence of factors on the technology of moving off of mulch film and flexible irrigation tape
3.1 Work program
The work program provided for:
- determination of the physical and mechanical properties of the materials plant origin;
- determination of changes in the strength indicators of polymer films from various factors;
- determination of soil resistance when winding film;
- examination of the process of winding polymeric materials.

3.2 Research methodology
Laboratory studies of the influence of factors on the technology of harvesting mulch film and flexible irrigation belts were carried out according to the presented research infogram (Figure 3.1).
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Figure 3.1 - Infographics of laboratory research
The angles of friction on a steel surface without pressure at rest and in motion were determined on a specially designed device (Figure D.1).
The material under study was freely placed on the surface of a steel sheet in a horizontal position. The changed position of the sheet, the moment of the beginning of the movement of the material, was fixed, and the angle of its inclination was measured using the sector mechanism (Appendix D). The temperature and humidity of the test material in all experiments was maintained within the following limits: temperature 298 + 1K, humidity 10 + 2% [104].
The coefficient of friction at low pressures (in the range of 500 ... 1500 Pa) was determined using a setup developed by employees [105]. The material under investigation is poured into a box on a drum, the latter is driven into rotation by a geared motor. During the operation of the device, the box, hinged on the axis, due to the adhesion forces between the drum rim and the test material, tends to turn in the direction of the drum rotation, exerting pressure through the support plates on the bracket of equal resistance with the sensors. According to the readings of the millivoltmeter according to the calibration schedule, the true value of the forces on the movement of materials of plant origin was determined. Friction coefficients were calculated using the formulas shown in Figure 3.1.
Determination of changes in the strength parameters of polymer films was carried out under natural conditions under the influence of the duration of sunlight [106, 107, 108]. During the tests, the samples were fixed on the soil surface located in an open area (Appendix D). Changes in appearance, color, formation of cracks and other surface defects of the samples were periodically noted, and their strength indicators were also determined [109,110,111].
Polymer films were tested in accordance with the requirements of GOST 14236-81 [111]. To test polymer films, samples in the form of a rectangle 25 mm wide and at least 150 mm long were used (Figure 3.5) [112, 113]. The tests were carried out at a temperature of 23 ± 2° С and a relative humidity of 50 ± 5%. The speed of the extension of the clamps of the testing machine is 25 mm / min. During testing, the load and elongation of the sample were measured continuously. When recording "load - elongation", the tensile test parameters were determined. Samples that failed during testing outside the calculated length, or in which material defects were found during testing, were not taken into account.
To determine the soil resistance [114] during winding, an installation for winding a mulch film was used, which consists of a frame-stand, a shaft with a winding sleeve and a torque wrench. A mulching film with perforated holes 500 mm wide and 100 μm thick was wound onto the reel of the installation, with the edges embedded in the soil. The measurement of the torque was carried out with a torque wrench with overcoming root residues with cut stems and without them. The measurement was carried out at the planting sites under the mulch film of tomatoes and peppers. The cut height of the stems was 80 - 100 mm (Appendix D).
An experimental study of the process of winding polymer materials was carried out on a developed laboratory bench including a soil channel, trolleys, a drive for the trolley and winding devices, an unwinding drum, and a control panel. The working width of the winding bobbin is 0.4 m. The change in length between the winding device and the unwinding drum was carried out by moving the carriage up to 6 meters (Figure 3.2). Since one of the requirements of the technology when winding rolls is to ensure a constant tension, both at the steady-state speed and in the transient mode [115], the degree of roll compaction was estimated by the coefficient. The coefficient of relative compaction of a polyethylene film () from the diameter of the wound roll was determined by the following formula as the ratio of the diameter of the factory roll (D0) to the diameter of the used film rewound from the field ()
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Figure 3.2 - Scheme and general view of a laboratory stand for determining the degree of compaction of a plastic film

3.3 Research results
The results of determining the angles of repose and the coefficients of friction of plant waste showed the following data. The internal angle of friction on the polyethylene surface without pressure for the stems of tomato, bell pepper, and eggplant was respectively α = 44, α = 42, α = 40 degrees. The dependence of the friction coefficient of plant raw materials on normal pressure within the experiment was linear [116]. This phenomenon is explained by the fact that with an increase in normal pressure, a part of free moisture is not squeezed out onto the friction surface, due to insufficient pressure, and friction increases evenly.
The results of the study on tensile and breaking strength, relative elongation at maximum load and relative elongation at break were graphically interpreted in the form of dependencies [108, 116], the values ​​of which are given in Table D.1 (Appendix D). The durability of polyethylene films in natural atmospheric conditions varies dramatically. The results of studying the patterns of changes in strength properties on specimens tested for 105 days indicate that the tensile strength (σz) did not change significantly for all specimens. Also, in almost all samples, the tensile strength (σr) also did not change significantly, except for the 30 μm sample, it decreased by 47%. Elongation at maximum load (εz) decreased at the maximum at 120 μm (black) by 82% and at the minimum at 80 μm by 67%. Elongation at break (σr) decreased maximally for 120 μm (black) by 82% and minimally for 50 μm by 47%. 
Determination of soil resistance when winding the film on a reel in places with
root residues with cut tomato and pepper stems, as well as in places without  plant
residues, is presented in Table 3.2.
Table 3.2 - Soil resistance when winding
	Measurement number
	Soil resistance without plant residues, Nm
	Soil resistance with tomato plant residues, Nm
	Soil resistance with plant residues of pepper, Nm

	1
	14,7
	22
	22

	2
	12,5
	29,4
	23,5

	3
	16,9
	41,9
	20,6

	4
	16,9
	30,9
	27,9

	5
	15,4
	31,6
	25,7

	Measurement average
	15,2
	31,1
	23,9



As a result of the conducted studies of the process of winding polymeric materials, the dependences on the applied force of the diameter of the roll and the coefficient of relative compaction presented in Figures 3.3 were obtained. From the analysis of the obtained dependences it can be seen that with small changes in the film tension forces in the initial state, the dependence is not linear. With the application of an increase in the value of the strain, the dependencies become linear. This is due to the presence of damage to the film, which is wrinkled to form voids between the layers of the film.
The index of the degree of compaction of the Кот is maximally near the mark of 0.9, this limitation is due to the fact that there is no ideal condition for a new film under factory conditions. In addition, the resulting deformations and breaks do not give a tight fit of the layers.
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Figure 3.3 - Dependence of the change in the roll diameter and the coefficient of relative compaction of the polyethylene film on the value of the tensile force of the polyethylene film
4 Development of an experimental model of a device for cleaning of polymer residues, field test and estimation of economic efficiency
4.1 Program of experimental work
To develop an experimental prototype of a device for cleaning polymer residues, the following work program was drawn up:
-conducting patent information research;
- preparation of technical specifications for the development of design documentation for the manufacture of an experimental sample of a device for removing polymer residues from the field;
-development of design documentation for the manufacture of an experimental sample of a device for removing polymer residues from the surface of field;
-production of an experimental sample of a device for removing polymer residues from the field;
-field testing of the developed device in the conditions of the farm;
- assessment of the economic efficiency of the developed device.

4.2 Methodology for performing device development, field testing and cost-benefit of the economic efficiency 
4.2.1 Conducting patent information research
To develop a new design of the device [117], preliminary patent research was carried out on materials from the leading countries of the CIS and the USA, Canada, Great Britain, France, Germany, China, Italy).
Patent and technical literature, domestic journals, works of institutes, descriptions of patents and copyright certificates for the current period were studied in order to determine the tendency in the development of technical means of mechanization for removing mulch film and flexible irrigation tapes after harvest. The prototypes and analogues of the device under development were determined. Applications were submitted for obtaining a patent for inventions of the Republic of Kazakhstan. The patent research report was drawn up in accordance with GOST R.15.011-96 [117, 118, 119].

4.2.2 Completing up technical specifications for the development of design documentation
Terms of reference for the development of design documentation (Appendix E) for the manufacture of an experimental model of a device for removing polyethylene film from the surface field were drawn up in accordance with the requirements of the standards for the supply of products to production [119]. 

4.2.3 Development of design documentation for the manufacture of an experimental model of a device for removing film from the surface field
The design documentation for the manufacture of an experimental sample of a device for removing film from the surface field was developed by the performers of this project. The technical documentation was carried out in accordance with GOST using the AutoCAD program in accordance with the compiled technical specifications for these products [120, 121, 122].

4.2.4 Production of experimental sample device
An experimental sample of a device for removing film from the surface field was manufactured in accordance with the developed design documentation in the IP "MOLDIR" company in accordance with the contract concluded between the Kazakh National Agrarian University. During the manufacturing period, technical control was carried out on the progress of work by visiting the site by the project executors on a weekly basis, and the status of the contract was discussed, the errors identified were finalized (Appendix Zh).

4.2.5 Field test of the developed device under farm conditions
To carry out a production test of an experimental sample of a device for cleaning films and flexible drip irrigation tapes, the following stages of work were performed:
- preparation of a field for laying a flexible irrigation tape for drip irrigation, mulching the soil, planting seedlings;
- laying flexible irrigation tape for drip irrigation, mulching the soil with plastic wrap, planting seedlings of vegetable crops in the conditions of the farm using a unit for semi-automatic planting;
- study of the state of the field where the seedlings were planted;
- preparation of an experimental sample of a device for cleaning films and flexible drip irrigation tapes for production testing;
- production tests of the device for cleaning films and flexible drip irrigation tapes.
All of the above works were carried out according to the agreement of the university with FE "ZAGROUP" Kilybaev Almas Dauletbekovich (at the production site) in the village of Almaly Enbekshi, Kazakh district, Almaty region.
The necessary conditions for the preparation of the field were the preparation of the field (plowing, clearing the field from foreign objects and harrowing). These operations were performed to ensure high-quality mulching when planting seedlings of vegetable crops. Preparation of the soil for planting tomato was carried out in deep (27–30 cm) autumn plowing, early spring harrowing and, before planting loosening with moldboard tools, followed by harrowing. When assessing the characteristics of the site, the type of soil, the name of the soil by its texture, relief, microrelief, moisture and soil hardness were determined according to GOST 20915 [123-132].
Operations for laying a flexible tape of drip irrigation, mulching the soil and planting seedlings were carried out on the irrigated field of FE "ZAGROUP" using the development of the research group [133]. The field length of each test site was 200 m, the total area for control work was 2 hectares for tomato. At the end of the site, work was carried out on filling with polyethylene for mulching the soil and water for pre-planting irrigation. The MTZ-50A wheeled tractor in good condition was used as a traction force. The length of a standard roll for mulching was 250 meters and a width of 1.5 meters, a spare roll of film was installed in a special place on the machine. The thickness of the mulch film was 30 microns. For planting, seedlings without briquettes were used, since the unit provides for pre-planting irrigation in the holes. Therefore, the seedlings enter a moistened hole and completely retains their vitality until water is supplied for irrigation. Operators for planting seedlings were seated in a special seat, and in front of them was a box with seedlings. As needed, they themselves took the required number of seedlings.
The preparation of an experimental sample of a device for collecting films and flexible drip irrigation tapes for production testing was carried out in a laboratory (Appendix I). For this, the device was fully equipped with all mechanisms, including a developed block for measuring parameters (unit speed, power consumption of driving mechanisms), previously tested on laboratory benches. The hydraulic motors designed to drive the inclined conveyor, drums for winding mulch and flexible drip irrigation tapes were tested. The force of the springs on the friction mechanisms of the drive of the winding drums and the actuation of the release mechanism of the roll were checked. Hand rotation of the inclined conveyor rollers, fasteners and tire pressures were tested. After performing the verification work, the device was carefully dismantled for transportation to the test site [134]. The transportation was carried out on a vehicle equipped with a manipulator for loading and unloading with a carrying capacity of up to 5 tons. Then the device was repeatedly re-equipped. After the transported device to the test site, the equipment was unloaded on a flat area. Disassembled mechanisms were completed, all connections were subjected to verification. To perform the operation, the unit was connected to an MTZ-50L wheeled tractor, connected:
- power take-off shaft of the tractor to the drive of the mowing mechanism of the unit;
- the hydraulic system of the tractor was connected to the hydraulic system of the hydraulic drive of the drums and the inclined conveyor of the unit;
- the rope release mechanism for the roll was connected to the operator's cab.
The study of the state of the field where the seedlings were planted included: determination of soil hardness using a static penetrometer PSG-MG 4; determination of soil moisture.
When testing the unit for collecting film and flexible drip irrigation tapes, the quality indicators of the technological processes were determined. The technological processes include four operations: mowing the stems, digging out the longitudinal edges of the film from the soil, feeding mulch and remainder crop with an inclined conveyor, winding mulching film and flexible irrigation tape on drums. The agrotechnical assessment was carried out when the machine had been running for at least 10 hours of main work.
The tests were carried out in two ways: joint harvesting of mulch film and flexible irrigation tapes; winding of flexible drip irrigation tapes in the absence of a mulching film separately.
Before sampling, the machine was set to optimal adjustments to suit test conditions and specifications for harvesting mulch film and flexible drip belts.
The machine was tested in the modes recommended by the operating instructions. The optimal operating mode is the one that ensures the removal of the film without tearing, in the form of a tightly wound material into a roll on a drum (Figure 4.1).
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Figure 4.1- Fragments of the test of the device for assembling mulch film and flexible irrigation belts together and separately

4.2.6 Assessment of economic efficiency of development 
For a comparative assessment, only mechanized disposal methods were selected. As a basic variant, the performance index of the ROCCA company machine PMR-01 for removal mulching film made in the USA was used [135]. Evaluation of the economic efficiency of the proposed experimental sample for the removal of mulch film and flexible drip irrigation belts were carried out in accordance with the interstate standard GOST 34393-2018 “Agricultural machinery. Methods of economic evaluation "(Appendix L) [136, 137, 138].   

4.3 Results of work
4.3.1 Patent-information search
According to the results of the patent study, the shortcomings of the previously obtained: patent of the Republic of Kazakhstan for the utility model "Device for removing mulch film" IPC А01G 13/02 (15.11.2016, bull. No. 15) . An application was filed for a patent of the Republic of Kazakhstan for the invention "A device for removing and winding polyethylene films from the surface of the field" (13.09.2018, No. 18106). The patent for the invention of RK 34443 was received according to application No. 18106 (Published 03.07.2020, bulletin No. 26). An application was filed for obtaining a patent for inventions "A device for removing and winding mulching film to a machine for harvesting it from rows of plants" (Registration No. 2019 / 0890.1 dated 09.12.2019) (Appendix W).

4.3.2 Terms of reference for the development of design documentation for a device for removing polymeric materials from the surface field
The terms of reference for the development of design documentation for the manufacture of an experimental sample of the device included: name and scope, basis for development; purpose and purpose of development; sources of development; technical requirements; main indicators of the quality of the technological process. The terms of reference for the development of design documentation for the manufacture of an experimental sample of the device was approved by the scientific part of the university on August 22, 2019 (Appendix E).

4.3.3 Design documentation of a device for removing polymeric materials from the field surface
The development of design documentation for the manufacture of an experimental sample of a device for cleaning polymer residues from the surface of the field was developed on the basis of the prepared "Terms of Reference for the Development of Design Documentation" and included technical documentation consisting of a technical project, made in AutoCAD with a total volume of 340 pages in A4 format [120, 121]. The documentation included: departmental specification, assembly drawings, assembly units of units and working drawings of parts with specifications (Appendix Zh).

4.3.4 Experimental device for cleaning mulch film and flexible drip irrigation belts from the field surface
The manufactured experimental sample of the device for removing polymer residues from the field surface consists of two modules:
-film-winding module for removing the used mulch film in the post-harvest period, mowing crop residues protruding through the film, cleaning the edge of the film from soil, transporting the crop after the unit, cleaning  the film, and winding the film onto the drum;
- rewinder of flexible drip irrigation tape.
Both modules can work together or independently, separately,  on the needs of the technological process for removing polymer residues.
A manufactured sample of the device is presented in the appendix (Appendix I).

4.3.5 Results of field tests of the developed device under farm conditions
Field tests of the developed device were carried out to remove polymer residues from the surface of the field after harvesting (tomato) in FE "ZAGROUP" Kilybaev Almas Dauletbekovich (at the production site) in the village of Almaly Enbekshi, Kazakh district, Almaty region. During the tests, timing data on the operation of the unit and its mechanisms were obtained. The data were obtained by registering the parameters in the unit of the connected self-recording complex of devices on an electronic medium. The fixed parameters were: forward speed of the unit; rotation frequency of drive shafts of mulching tape winders and flexible irrigation tapes; energy consumption to drive the drive shafts; change in pressure in the hydraulic line to drive the working bodies. By a traction dynamometer, the values of the traction force were obtained for the displacement of the unit and separately for the device. The obtained parameters were processed and presented as a graphical dependence in the appendix of this report (Appendix K). The processed materials were used to evaluate the economic efficiency of the unit.

4.3.6 Assessment of economic efficiency of development
Direct operating costs of monetary fund’s attributable to the performance of a unit of operating time for new equipment and analogs amounted to 14,056.40 tenge / ha and 23,829.34 tenge / ha. The reduction in the need for machine operators and auxiliary workers is 50%. Annual savings of funds for the annual actual volume of work of new equipment in comparison with the analogue is 718 310.89 tenge. The payback period was 1.15 years (Appendix L).


CONCLUSION

1. Modern domestic and foreign experience in growing vegetables shows that mulching the soil with plastic wrap helps to preserve moisture, temperature and suppress the development of weeds under mulch. Depending on the method of irrigation, the amount of water consumed can be reduced by up to 30-50%. It is very effective to use drip irrigation systems with intensive technologies for growing agricultural crops, primarily vegetables, when the size and quality of the resulting crop largely depend on the accuracy of maintaining the moisture regime and diet. When used together, soil mulching and drip irrigation system can achieve a very efficient vegetable growing result.
2. In the post-harvest period, to prepare the field for the next planting, it is advisable to remove previously used polymeric materials for mulching and drip irrigation. The labor intensity of manual removal of used polymer residues is in the order of 64 persons × hour / ha. The cost of existing foreign means for mechanized cleaning of polymer residues varies in the range of 2200-25000 US dollars. Based on the results of the analytical review, the technology and means for the destruction of polymer waste in the post-harvest period were classified. Taking into account the shortcomings in existing technologies, a technology and means for removing polymer residues from the field surface have been proposed.
3. The design parameters and operating modes of the mechanisms of the device for removing polymer residues (mulching film and flexible irrigation belts) in the post-harvest period have been theoretically substantiated. An analytical calculation of the hydraulic drive of the mechanisms for winding mulch film and flexible tape of drip irrigation has been performed. An indicator of the stress state of a PVC pipe from the effect of the elastic force of the wound polymer film and soil resistance is obtained. The displacement of the pipe from the central axis when winding the mulch film was 451 mm. This displacement of the pipe is accepted as permissible to maintain the steady state of the pipe between the pressure cones. The results of the calculation made it possible to identify the values of the parameters of the mechanisms being developed and to select the component parts of the device with standard ones.
4. Experimentally established: the angle of friction of the plant mass to justify the angle of inclination of the conveyor; dependence of the coefficient of friction of waste of plant materials on polyethylene film; resistance of soil and germinated plants to film separation (mulch). Graphical dependences of comparative indicators (change in tensile strength, rupture and relative elongation) of polyethylene film with different thicknesses (30, 50, 80, 100, 120 microns) after changing the state from natural and climatic conditions were obtained experimentally. The dependences of the change in the diameter of the wound mulching film of the coefficient of relative compaction of the polyethylene film on the change in the tension force during winding (at the same length of the film with different values ​​of the tension force) are obtained. The obtained results of experimental studies made it possible to substantiate the parameters and operating modes of the mechanisms of the device for development.
5. On the basis of the developed technology for removing polymer residues in the post-harvesting period from the surface of the field, a means has been created for its implementation (technical task, design documentation, prototype) in the form of an experimental sample. The developed technical means for removing polymer residues from the field surface can work for joint and separate harvesting of mulching film and flexible irrigation belts.
6. The results of production tests of the developed technology and means for removing polymer residues from the surface of the field in the post-harvesting period have shown positive results, ensuring the mowing of plant waste residues, removal of polymer residues by winding on a tubular bobbin with a certain density. The average speed of the unit was 6.4 km / h, productivity was 1.48 hectares / hour. The reeled polymer waste of mulch film and flexible irrigation belts had compactly packed rolls that were convenient for loading and transportation.
7. Evaluation of the completeness of solutions to the tasks of the project consists in conducting an analytical review on this issue, theoretical and experimental studies in the development of technology and means after harvesting period of vegetables for removing polymer residues, such as mulch film and flexible polymer tapes for drip irrigation,
8. Recommendations and baseline data for the specific use of the results stem from theoretical, practical research results and field trials of a polymer remover, which opens up opportunities for promising new technologies in the mechanization of vegetables.
9. The technical and economic efficiency is assessed by production tests of the proposed technology, which makes it possible to increase the efficiency of the technology for using soil mulching and drip irrigation using flexible irrigation belts when growing vegetables and melons, to increase yields, reduce the cost of production and introduce comprehensive mechanization.
10. Evaluation of the scientific level of the work performed in comparison with the best achievements in this field is the development of a mechanized technology for the removal of polymer residues. Technical means have been developed to implement this technology, for which patents of the Republic of Kazakhstan have been obtained.
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Calendar plan
	№ p/p
	The name of the tasks, activities aimed at the implementation of the project objectives
	Duration

	
Expected results of project


	
	
	Beginning
	Completion 
	

	1.
	To develop a technological process for removing used mulching film and flexible irrigation tapes in the post-harvest period from the field
	January
2018
	June
2018
	The technological process and the constructive scheme of the device for removing the mulching film and flexible irrigation tapes will be designed

	1.1
	 Studying the experience of the world technology achievement and technical means of removal, mulching film and flexible irrigation tapes in the post-harvest period from the field
	January
2018
	March
2018
	Experience of the world technology achievement and technical means of removal, mulching film and flexible irrigation tapes in the post-harvest period from the field will be studied and report on the patent research will be prepared.

	1.2
	Development of technological process and constructive scheme of the device for removal of mulching film and flexible irrigation tapes
	March
2018
	June
2018
	Technological process and constructive scheme of the device for removal of mulching film and flexible irrigation tapes will be designed.

	2.
	Theoretically and experimentally substantiate the operation modes of removing the mulching film, flexible irrigation tapes and the design parameters of the device for its implementation
	July
2018
	Until 
1 November
2018
	Theoretically and experimentally substantiate the operation modes of removing the mulching film, flexible irrigation tapes and the design parameters of the device for its implementation will be substantiate.  1 application for Patent of RK will be applied.

	2.1
	Theoretical justification device design parameters for removal of mulching films and drip irrigation flexible tapes 
	July
2018
	September
2018
	Construction parameters and parameters of analytical dependence of designed device for removal of mulching films and drip irrigation flexible tapes will be theoretical justified. 

	2.2
	Experimental study of the removal process of mulching film and flexible irrigation tapes
	October
2018
	Until 
1 November
2018
	Experimental study of the removal process of mulching film and flexible irrigation tapes will be done. Construction parameters of designed device for remove of mulching film and flexible irrigation tapes will be received. 1 (one) application for Patent of RK will be applied.

	3.
	To carry out laboratory studies of the process of removal of the mulching film and flexible irrigation tape during combined and separate work
	January
2019
	June
2019
	Laboratory studies of the process of removal of the mulching film and flexible irrigation tape during combined and separate work will be carried out. 

	3.1
	Preparation of methods for laboratory research and equipment for realization it
	January
2019
	February
2019
	Methods for laboratory research and equipment for experimental studies will be prepared.

	3.2
	Experimental justification of the removal mode of mulching film and flexible irrigation tape
	March
2019
	June
2019
	Experimental study of the removal mode of mulching film and flexible irrigation tape will be justified.

	4.
	To develop the design of the device for removing the used mulching film and flexible irrigation tape
	July
2019
	June
2020
	Scheme, technical specifications and design documentation of the device for removing mulching film and flexible irrigation tape from the field and prototype will be developed. 1 (one) article in peer-reviewed scientific indexed journals Web of Science or Scopus and 1 (one) article in  journal recommended by ССSES will be published.

	4.1.
	Development of technical specifications and design documentation of the device for removing mulching film and flexible irrigation tape from the field
	July
2019
	Until 
1 November
2019
	Scheme, technical specifications and design documentation of the device for removing mulching film and flexible irrigation tape from the field will be developed. 1 (one) article in peer-reviewed scientific indexed journals Web of Science or Scopus and 1 (one) article in journal recommended by ССSES will be published.

	4.2.
	Manufacturing an experimental device for removing mulching film and flexible irrigation tape
	June
2019
	August
2019
	An experimental device for removing mulching film and flexible irrigation tape will be manufactured. 

	5
	Test the developed experimental device for removing the mulching film and flexible irrigated tape in the field
	July
2020
	September
2020
	Developed experimental device for removing the mulching film and flexible irrigated tape in the field conditions will be tested. Results (Acts and protocols of test) will be received. 1 (one) article in peer-reviewed scientific indexed journals Web of Science or Scopus and 1 (one) article in journal recommended by ССSES will be published.

	5.1.
	Preparation for test-ing of the developed experimental device for removal of mul-ching film and flex-ible irrigation tape
	July
2020
	August
2020
	Developed device for removing the mulching film and flexible irrigated tape will be prepared for field test.

	5.2.
	Testing of an experimental device for removing a mulching film and a flexible irrigation tape in the field
	September
2020
	September
2020
	Device for removing a mulching film and a flexible irrigation tape will be tested and results (protocols) of tests will be received.

	6.
	To evaluate the technical and economic indicator of the technological process of removing the mulching film and flexible irrigation tape
	October
2020
	Until 
1 November
2020
	Technical and economic efficiency and recommendation and designed documentation of the device for removing the mulching film and flexible irrigation tape be received. 1 (one) article in peer-reviewed scientific indexed journals Web of Science or Scopus and 1 (one) article in journal recommended by ССSES will be published.

	6.1.
	 To evaluate the technical and economic indicator of the technological process of removing the mulching film and flexible irrigation tape 

	October
2020
	1 November
2020
	Technical and economic indicators of technological process for removal of mulching film and flexible irrigation tape will be evaluate.

	6.2.
	Development of recommendations and
project documents for the industrial sample of the device for removal of mulching film and flexible irrigation tape
	October
2020
	1 November
2020
	Recommendations and design documents of device for removing the mulching film and flexible irrigated tape in the field will be developted.  
1 (one) article in peer-reviewed scientific indexed journals Web of Science or Scopus and 1 (one) article in journal recommended by ССSES will be published.
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Патентные документы
Таблица Б.1 - Патентная документация 
	№
	Страна выдачи и номер охранного документа, дата
публикации (охранного документа), название, классификационный
индекс
	Заявитель с указанием страны, номер заявки, дата подачи, конвенционный приоритет, дата публикации.
	Реферат

	1
	Патент на полезную модель KZ №1782, 15.11.2016

Устройство для удаления мульчирующей пленки

МПК
A01G 13/02 (2006.01)

	Республиканское государственное предприятие на праве хозяйственного ведения "Казахский национальный аграрный университет" Министерства сельского хозяйства Республики Казахстан

Заявка
2015/0432.2 12.11.2015
	Полезная модель относится к области сельскохозяйственного машино­строения, к устройствам для снятия мульчирующей пленки из-под посевов, преимущественно овощных культур. Устройство для удаления мульчирующей пленки из - под посевов, содер­жащее раму с опорными колесами, механизм подъема пленки и барабан для наматывания мульчирующей пленки, согласно полезной модели содержит отвал для освобождения края пленки, находящегося в почве, закрепленный за отвалом механизм резки в виде барабана с качающимися ножами- лопатками, установленными по боковой поверхности барабана в шахматном порядке, и установленный под барабаном транспортер для удаленной плен­ки и скошенной растительной массы, причем над этим транспортером установлен транспортер с направляющими элементами для перемещения растительной массы, а барабан для наматывания мульчирующей пленки снабжен шипами. Разработанное устройство для удаления мульчирующей пленки обеспечивает одновременное удаление растительных отходов и может быть эффективно использовано в сельском хозяйстве при выращивании овощных куль­тур и других растений с использованием мульчирующей пленки.

	
	Патент 
RU 2 302 100 C2  10.07.2007 

СПОСОБ ПЕРФОРАЦИИ
	Государственное научное учреждение Всероссийский научно-исследовательский институт виноградарства и
	Способ касается перфорации мульчирующей рулонной полимерной пленки и относится к сельскому хозяйству, а именно для покрытия посадочных полос в школке, например, виноградных черенков. Пленку с рулона перематывают на



Продолжение таблицы Б.1
	2
	МУЛЬЧИРУЮЩЕЙ РУЛОННОЙ ПОЛИМЕРНОЙ ПЛЕНКИ

МПК
A01G 13/00 (2006.01)
A01B 79/02 (2006.01)
B26F 1/08 (2006.01)
B26F 1/16 (2006.01)
B26D 7/00 (2006.01)

	виноделия им. Я.И. Потапенко (RU)

Заявка
2005122059/12, 12.07.2005
	перфорационный барабан, совмещая при этом ее торцы. Одновременно с перемоткой разрезают чулок пленки с одной стороны. Затем сверлят отверстия в пленке по шаблону и вновь ведут обратную перемотку в тот же рулон. Техническим результатом является снижение затрат труда и времени, повышение качества и выхода саженцев. 1 ил.[image: 00000001-m]

	3
	Патент на ПМ
RU 105111 U1 10.06.2011

УСТРОЙСТВО ДЛЯ УКЛАДЫВАНИЯ МУЛЬЧИРУЮЩЕЙ ПЛЕНКИ НА ГРЯДУ

МПК
A01B 49/00 (2006.01)
	Государственное образовательное учреждение высшего профессионального образования "Петрозаводский государственный университет" (RU)

Заявка
2010145090/21, 03.11.2010
	Устройство для укладывания мульчирующей пленки на гряду относится к сельскохозяйственной отрасли, а также может быть использовано для укладывания пленки для нужд других отраслей народного хозяйства.
Устройство обеспечивает - уменьшение металлоемкости конструкции, удаление функций, в большинстве случаев, не востребованных потребителями.
Устройство содержит центральную раму, 2 полурамы, грядообразователь, откапывающие и заделывающие диски, трамбующие ролики, соединенные с рамой при помощи шарниров. На полурамах имеется ось для крепления дополнительного рулона пленки. При этом основные рабочие органы машины выполнены в виде вращающихся дисков, которые образуют борозды для укладывания краев пленки и их заделывают

	4
	Патент на ИЗ
SU №1530142 A1
	ЛЕВИЦКИЙ АНАТОЛИЙ САВВОВИЧ
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	23.12.1989

Машина для расстила мульчирующей пленки

МПК
A01G 13/02 (2000.01)
	ШПАН ЭМИЛЬ ЛАЗАРЕВИЧ

Заявка 
3823571, 10.12.1984
	[image: 00000001 (66)]

	5
	Патент на ИЗ
SU 1561836 A1 07.05.1990

Машина для укладки мульчирующей пленки

МПК
A01B 13/02 (2000.01)
A01B 49/02 (2000.01)
A01C 7/00 (2000.01)
	ГУСЕВ ВЯЧЕСЛАВ МИХАЙЛОВИЧ,
КОЛОБОВНИКОВА НИНА ЕГОРОВНА,
ПЛАКСИНА НИНА МИХАЙЛОВНА,
ВЛАСОВ ГЕННАДИЙ ГЕОРГИЕВИЧ,
НИКОЛЬСКИЙ ВЯЧЕСЛАВ БОРИСОВИЧ,
ШУЛЬГИН ДМИТРИЙ ВАСИЛЬЕВИЧ
Заявка 4430434, 11.04.1988
	[image: 00000001 (67)]

	6
	Патент на ИЗ
RU №2005122 059 
	Государственное научное учреждение Всероссийский научно
	Способ перфорации мульчирующей рулонной полимерной пленки, включающий выполнение отверстий по шаблону,
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	27.01.2007

СПОСОБ ПЕРФОРАЦИИ МУЛЬЧИРУЮЩЕЙ РУЛОННОЙ ПОЛИМЕРНОЙ ПЛЕНКИ

МПК
B29D 7/00 (2006.01)
	-исследовательский институт виноградарства и виноделия им. Я.И. Потапенко ГНУ ВНИИВиВ им. Я.И. Потапенко (RU)

Заявка
2005122059/12, 12.07.2005
	отличающийся тем, что предварительно пленку с рулона перематывают на перфорированный барабан большего диаметра, совмещая при этом ее торцы, одновременно с перемоткой разрезают чулок пленки с одной стороны, затем сверлят отверстия в пленке по шаблону и вновь ведут обратную перемотку в тот же рулон.

	7
	Патент 
SU 1319076A119870623

Устройство для полива ленты

МПК
G11B 5/842 (2006.01)
	ПРЕДПРИЯТИЕ П/Я В-8589

SU3909886 19850611
	Изобретение относится к накоплению информации и может быть использовано для нанесения магнитных дорожек. Цель изобретения - повышение качества полива за счет уменьшения разрывов и гофр при изменении толщины ленты на склейках. Задатчик толщины полива выполнен в виде ролика 9, установленного на поливном блоке. При движении лента 13 в зоне полива прижимается поливным валиком 5 к роликам 9. Резиновые амортизаторы 15 гасят колебания поливного валика 5 при попадании склейки в зону полива и компенсируют перекос оси валика 5 при разнотолщинности ленты 13. 2 ил. 16 77 (О СО СО О О5 Ф1/е.2

	8
	Патент на ИЗ
KZ №26989 14.06.2013
Устройство для снятия защитной пленки
МПК
A01G 13/02 (2006.01)
	Республиканское государственное предприятие на праве хозяйственного ведения "Костанайский государственный университет имени А. Байтурсынова" Министерства образования и науки Республики Казахстан
Заявка
2012/0535.1 08.05.2012
	Изобретение относится к сельскохозяйственному машиностроению, в частности к устройствам для снятия защитной плёнки преимущественно с посевов овощных культур.
Задача, которую решает изобретение, заключается в повышении качества очистки плёнки.
Поставленная задача решается с помощью устройства для снятия защитной плёнки, содержащего раму с закреплёнными на ней направляющим элементом, механизмом очистки плёнки с опорной площадкой с эластичными рифлёными вальцами и ротором с контактирующими с опорной площадкой эластичными лопастями, валом со встречной
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	винтовой навивкой, механизмом наматывания плёнки, где над направляющим элементом в виде прямой трубы установлен шнек, имеющий направление вращения как у ротора и правое направление навивки витков для левой по ходу устройства его части и левое для правой части, а на раме между шнеком выше его оси и ротором крепится заслонка в виде вертикально расположенного своими плоскими поверхностями щита.

	9
	Патент на ИЗ
SU 1530142A1 19891223

Машина для расстила мульчирующей пленки

МПК
A01G 13/02 (2006.01)
	НАУЧНО-ПРОИЗВОДСТВЕННОЕ ОБЪЕДИНЕНИЕ ПО ВИНОГРАДАРСТВУ "ВИЕРУЛ"

Заявка
SU №3823571 19841210
	Изобретение относится к сельскому хозяйству, а именно к машинам для расстила мульчирующей пленки, например, перед посадкой черенков винограда. Цель изобретения - повышение качества подготовки посадочного места под черенок. Машина для расстила мульчирующей пленки содержит раму с опорными колесами, лемехами, барабаном для пленки, снабженным тормозом, направляющим барабаном, прижимными катками, загортачами, между которыми и за ними установлено колесо 12 с режущим рабочим органом, состоящим из двух взаимно перпендикулярно расположенных перекрещивающихся ножей 13 и 14. Нож 13 расположен в плоскости качения колеса 12 и имеет вершину, образованную двумя симметрично сходящимися лезвиями, а нож 14 - две периферийно расположенные вершины, лезвие 17 между которыми выполнено в виде симметричной впадины. При этом вершины ножей 13 и 14 расположены на одной прямой, парал-лельной образующей рабочей поверхности колеса 12.5 ил.

	10
	Патент 
SU №1773338A1

Пленкоукладчик

	СРЕДНЕАЗИАТСКИЙ НАУЧНО-ИССЛЕДОВАТЕЛЬСКИЙ ИНСТИТУТ МЕХАНИЗАЦИИ И ЭЛЕКТРИФИКАЦИИ СЕЛЬСКОГО ХОЗЯЙСТВА
	Изобретение относится к сельскому хозяйству, а именно к машинам для раскладки узкого пленочного мульчирующего материала над рядками высеянных семян. Цель изобретения - повышение производительности и исключение забивания почвой рабочих органов в приспособлении, содержащем раму с комплектом раскладывающих и заделывающих края пленки
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	МПК
A01G 13/02 (2006.01)
	Заявка
SU4902298 19910114
	рабочих органов, предохранительные щитки 8 от попадания почвы нз поверхность пленки, последние выполнены по криволинейной поверхности с радиусом кривизны в диапазоне 0,7...1,5 радиуса дисковых загортачей 7 и установлены вогнутой поверхностью внутрь рядка. В результате применения изобретения повышается производительность приспособления в 1,1 раза. 3 ил.

	11
	Патент 
KR200485559 (Y1)

Перфоратор для мульчирования пленки для сельского хозяйства

МПК
A01C5/04 (2006.01); A01G13/00 (2006.01); A01G13/02 (2006.01); B26F1/02 (2006.01)
	
	Настоящее изобретение относится к мульчирующей пленке для мульчирующей пленки для картофеля, которая не требует сбора перфорированного винила, оставляя полностью обезвреживающую пленку во время работы с картофелем, Перфоратор. Его композиция; Разбавление; И расширение, соединенное с верхней частью перфорации и имеющее двунаправленную рукоятку на ее конце; В котором перфорированная часть имеет перфорирующую чашку, в которой режущая кромка, такая как зуб, предусмотрена только в части окружного направления в нижней части обода; В то время как перфорированная чашка выталкивается только на заданную глубину, так что пустое пространство на верхнем конце перфорированной чашечки, соответствующее 2/3 перфорированной чашечки, может служить пространством для защиты новых побегов картофеля.

	12
	CN107409511 (A) 
2017-12-01 

Ridging and film mulching dual-purpose farming machine

	WEI XIANGGUANG
	Изобретение относится к размалывающей и мульчирующей двухцелевой сельскохозяйственной машине. Грейферная и пленочная мульчирующая двухцелевая сельскохозяйственная машина включает в себя головку для путешествий; на дне передней бабки расположена скребковая плита для сплющивания сформированных гребней; скребковая пластина соединена с нижней частью бабки через телескопические штанги; каждый телескопический стержень включает
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	МПК
A01G13/02 (2006.01)
	
	фиксирующий стержень и скользящий стержень; один конецфиксирующих стержней закреплен на нижней части бабки, скользящие стержни скользя расположены в фиксирующих стержнях, а другие концы скользящих стержней вытянуты с одного конца, от передней бабки, и соединены с очищающая плита; пружины, которые прижаты к внутренним стенкам концов фиксирующих стержней, а один конец скользящих стержней расположен в фиксирующих стержнях; и нижняя поверхность, контактирующая с гребнями, скребковой пластины представляет собой дуговую поверхность, изгибающуюся вниз. Благоприятные эффекты изобретения заключаются в том, что можно предотвратить разрушение пластины скребка из-за удара; и после того, как гребни соскабливаются скребковой плитой, верхние поверхности и две стороны гребней являются плоскими.

	13
	CN107396786 (A) 
 2017-11-28

Mulching film laying device  

МПК
A01G13/02 (2006.01)
	CHENGDU DIANJINYUN TECH CO LTD +
	Изобретение раскрывает устройство для укладки мульчирующей пленки. Устройство содержит верхнюю опору (1), в которой опорный стержень (2) расположен на конце верхней опоры (1) и соединен с тяговым валом (3); нижняя часть тяговой опоры (2) соединена с тяговой стойкой (4) для мульчирующей пленки; один конец муфтовой тяговой стойки (4) шарнирно прикреплен к тяговой опоре (2); другой конец зубчатой рейки (4) мульчирующей пленки соединен с опорным стержнем (6) для мульчирующего пленочного ролика; нижний конец опорного рулона пленки мульчирования стержня (6) жестко соединен с U-образной мульчирующей поддержкой рулона пленки (18); в мульчирующей пленочной рулонной стойке (18) расположен мульчирующий пленочный рулон (5); два конца (5) соединены с возможностью вращения с мульчирующей пленочной опорой (18); верхний конец опорного рулона пленки мульчирования
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	 стержня (6) жестко соединен с прижимной ролик поперечной распорки (7); а задняя часть поперечной стойки (7) прессового валка соединена с прижимным рычагом (8).

	14
	CN107371927 (A)
 2017-11-24

Film mulching machine 

 МПК
A01G13/02 (2006.01)
	YANG TIANMEI +
	Изобретение раскрывает пленку мульчирование машины, которая характеризуется тем, что содержит сдвигающее колесо почвы, пленку прессования опорного колеса руки, фильм, нажав колесо, опору, предельный диск, пазовое колесо, зубчатое колесо, скользящий вал, вал трансмиссии , соединитель, опорный рычаг ведущего колеса, зубчатая передача, подшипниковый узел, короткий вал, цепь, удлинительный стержень, ручка, регулировочный элемент качения с вращающимся колесом и тому подобное. Машина для мульчирования пленки имеет преимущества в том, что машина для мульчирования пленки проста в строении, с высокой практичностью и низкой стоимостью, в основном применимой к мульчированию на сельскохозяйственных угодьях, легко запускается и работает и имеет очевидную экономическую выгоду, а количественное производство может быть облегчен.

	15
	Патент SU №718054A1 19800229 
Устройство для снятия защитной пленки

МПК
A01G13/02 (2006.01)
	ЛЕНИНГРАДСКИЙ ЭКСПЕРИМЕНТАЛЬНЫЙ ЗАВОД СЕЛЬСКОХОЗЯЙСТВЕННОГО МАШИНОСТРОЕНИЯ
	площадкой 10, которая посредством шарнира 11 может поворачиваться, что облегчает заводку пленки в устройство перед началом работы, вала 12 и П1,еточного барабана 13, перед которым закреплен опорный ролик заводку пленки в устройство перед началом работы, вала 12 и П1,еточного барабана 13, перед которым закреплен опорный ролик 14. Механизм 3 наматывания пленки состоит из ведущего вала 15 и ведомого 16 вала, который закреплен на кронштейне 17 и соединен с кронштейном 18 ведущего вала содержит цепные контуры 21-23

	16
	Патент на ИЗ
SU 1276299 A1
	ЦЕНТРАЛЬНЫЙ НАУЧНО-ИССЛЕДОВАТЕЛЬСКИЙ
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	15.12.1986

Устройство для снятия защитной пленки

МПК
A01G13/02 (2006.01)
	ИНСТИТУТ МЕХАНИЗАЦИИ И ЭЛЕКТРИФИКАЦИИ СЕЛЬСКОГО ХОЗЯЙСТВА НЕЧЕРНОЗЕМНОЙ ЗОНЫ СССР,
БЕЛОРУССКИЙ НАУЧНО-ИССЛЕДОВАТЕЛЬСКИЙ ИНСТИТУТ КАРТОФЕЛЕВОДСТВА И ПЛОДООВОЩЕВОДСТВА

Заявка
3887879, 22.04.1985
	[image: 00000001 (68)]

	17
	Патент на ИЗ
SU (11) 1 653 639 (13) A1 УСТРОЙСТВО ДЛЯ СНЯТИЯ ЗАЩИТНОЙ ПЛЕНКИ С ПОСЕВОВ ПРИ ИХ БЕСКАРКАСНОМ УКРЫТИИ

МПК

	МОЛДАВСКИЙ НАУЧНО-ИССЛЕДОВАТЕЛЬСКИЙ ИНСТИТУТ ОВОЩЕВОДСТВА


Заявка 
84616592, 06.12.1988
	Изобретение относится к сельскохозяйственному машиностроению. Цель изобретения - повышение надежности и производительности. Устройство содержит установленную на колесах 1 раму 2, на которой закреплены механизм 3 очистки пленки 4 и механизм 6 намотки. Механизм намотки состоит из фрикционной муфты 11 со следящим элементом 12 и содержит вал. на котором смонтированы ведущий и ведомый диски, поджатые пружиной. При движении устройства вал приводится в движение от ходовых колес 1 через фрикционную муфту 11. Следящий элемент 12 в
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	A01G13/02 (2006.01)
	
	зависимости от диаметра бобины 18с пленкой регулирует степень поджатия дисков, находящихся в состоянии постоянного пробуксовывания, в результате чего пленка поддерживается в постоянно натянутом состоянии и плотно наматывается на бобину

	18
	Патент на ИЗ
SU №1662425 A
15.07.1991

Устройство для снятия защитной пленки

МПК
A01G13/02 (2006.01)
	БЕЛОРУССКИЙ ИНСТИТУТ МЕХАНИЗАЦИИ СЕЛЬСКОГО ХОЗЯЙСТВА

Заявка: 4615073, 05.12.1988
	[image: 00000001 (69)]

	19
	Патент на ИЗ
SU 1739899 A1
15.06.1992

Устройство для снятия защитной пленки с временных укрытий

	ХАРЬКОВСКИЙ СЕЛЬСКОХОЗЯЙСТВЕННЫЙ ИНСТИТУТ ИМ.В.В.ДОКУЧАЕВА

Заявка: 4774019, 26.12.1989
	Использование: сельское хозяйство, снятие временных укрытий, включающих каркас и защитную пленку. Сущность изобретения: устройство содержит раму 1 с колесами 2, на которой смонтированы механизм 3 для намотки пленки, механизм 4 очистки пленки и механизм для снятия элементов каркаса, выполненный в виде подпружиненного кронштейна 7, установленного на нем ролика 8, прижимного механизма 12 и вибрационного механизма 14. При движении устройства вдоль укрытия ролик 8 поддевает каркас и пленку и
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	МПК
A01G13/02 (2006.01)
	
	выдергивает их из земли. Затем пленка очищается и наматывается на вал механизма 3, а элементы каркаса складируются на кронштейне при помощи прижимного механизма 12.

	20
	CN103749015 (A)
 2014-04-30

Film-cutting removing and film-lifting winding type mulching film picking machine

МПК
A01G13/02 (2006.01)
	WUWEI GUANGDA INDUSTRY & TRADE CO LTD

CN2014139419 20140127 
	Изобретение относится к области машин для сбора отходов и собирание мульчирование фильмы на ферме, в частности, к фильму резки удаления и кино-лифтинг обмотки типа мульчирование фильм комплектования машины.
Фильм резки удаления и пленки подъема намоточного типа пленка мульчирующая выбора машина содержит стойку, подвеску, установленную на стойке, установленные на двух сторонах стойки и механизм передачи земельных колеса.
Механизм пленка резки установлен ниже передней части стойки. Механизм подъема пленка расположена на части, в задней части механизма пленка резки, стойки.
Встряхивания механизм транспортировки почвы удаления расположено на задней части механизма подъема пленки и установлены в средней части стойки.
Мульчирующая пленку механизм намотки расположена над задней стойке и расположены в задней части встряхивания механизма транспортировки почвы удаления. Фильм резки удаления и кино-лифтинг обмотки типа мульчирование фильм сбор машина может завершить операции монтажера, кино, кино подъема поверхности мусора удаление, мульчирование фильма сбора и как в то время, завершить несколько рабочих процедур монтажера, Фильм атлетика, трава и солома удаления, почва пожимая-офф и как в то время, в режиме
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	комбинированной, снизить трудоемкость, сократить затраты на эксплуатацию и эффективно повысить эффективность работы.

	21
	CN103650675 (A)
 2014-03-26

Rear straw smashing and plastic film residue recycling combined machine

МПК
A01G13/02 (2006.01)
	XINJIANG KESHEN AGRICULTURAL EQUIPMENT SCI & TECH DEV CO LTD

CN20131712959 20131223
	Изобретение относится к сельскохозяйственной машине, в частности к задней соломы разгрома и вторичной переработки пластмасс фильм остатков в сочетании машины, которая используется для комплексного функционирования пластиковых переработки пленочных отходов на поверхности земли сельхозугодий, разбив соломы и как.
Задняя соломы разбив и переработка остаток пластиковой пленки в сочетании машина содержит стойку, устройство передачи и пешеходную колесо.
Разбив устройство солома расположены в передней части стойки, край пленки напротив ходьба устройство выполнено в передней части устройства, разбив соломы и транспортировки шнек расположены на задней панели устройства, разбив соломы. Край пленки отбортовки устройство выполнено ниже транспортирующего шнека.
Эластичный тип зубной пленки рейка расположена на задней стороне пленки край отбортовки устройства.
Пленка отбортовки барабан расположены в задней части упругого типа зуба пленки рейка. 
Пленка щеткой ролика расположено на наклонной задней части пленки отбортовки барабана, пластиковая пленка остаток удаления устройства расположена в задней части пленки чистки валика А, ролик чистки ролика B расположен в положении, близком к Tai конец пластиковой пленки удаления остатка устройства А, пластиковая пленка остаток удаления устройство В расположены в задней части валика чистки валика B, устройство удаления дуги расположен под пластиковой пленки удаления остатка устройства В, и пленка
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	щеткой ролика С размещено в задней части пластиковой устройства удаления пленки остаток В. заднего соломы разбив и переработка остаток пластиковой пленки в сочетании машину разумно в структуре и высоким качеством работы, и может эффективно перерабатывать пластиковые отходы пленки в процессе возвращения соломы на поля и эффективно улучшить эффективность работы.

	22
	CN201986357 (U)
 2011-09-28

Drum-type mulching film picking up machine

МПК
A01B43/00 
(2006.01)
	QINGYANG QIANJIN MACHINE MFG CO LTD

CN2011284583U 20110328 
	Полезная модель относится к барабанного типа для мульчирования пленкой поднимая машину, которая включает стойку, фильм сбор лопату, коробку фильм сбора и механизм передачи, в котором солома вспашку лопатой, расположенный на нижнем конце средней траверсе стойки Пленка выбора лопатой расположено на нижнем конце задней поперечине стойки
вращающийся барабан расположен между средней поперечной балки и задней поперечной балки стойки
коробка пленка сбора расположено на стойке за вращающегося барабана
для механизма передачи, ведущие колеса расположены соответственно на обеих сторонах стеллажа, в котором внутренняя сторона рабочего колеса на одной стороне стойки соосно соединен с ведущей звездочке, которая соединена с конусной шкива, Привод находится расположены на внутренней стороне конуса шкива, ведомая шестерня находится в зацеплении и соединен с ведущей шестерней, и один конец ведомой шестерни соединен с вала барабана.
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	CN203423918 (U)
 2014-02-12

Clearing device for large 
	SANMENXIA CENTURY AGRICULTURAL MACHINERY ASSEMBLY CO LTD

	Полезную модель раскрывает очистное устройство для большого мульчирования пленкой.
Очистное устройство содержит устройство сгребание собранный на раме типа колеса транспортного средства минутах через опорную раму в режиме подъема, Боковое
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	mulching film

МПК
A01B43/00 (2006.01); A01G13/02 (2006.01)
	CN20132371803U 20130625 
	устройство снабжено столбчатой тела собранном на опорной раме в режиме вращающегося, приводной механизм вождения столбчатые тела, чтобы повернуть неподвижно расположены на опорной раме, симметрично расположенных собрав-зубы, простирающиеся наружу в верхнем ряду и нижнем ряду расположены на периферийной поверхности цилиндрического тела в диаметральном направлении, корзина мульчирующая пленка крепится к опорной рамы, корзина мульчирующая пленка неподвижно закреплены с собирающей рейк над Загребая устройства, сбор рейка используется для обстреливая мульчи пленку на Загребая устройства в корзине мульчирующая пленки и снабжен телескопической части стержня и головки гвоздя который прикреплен к части телескопической штанги и используются для подключения к мульчи фильм.
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	CN203482590 (U) 
2014-03-19
Straight tooth type roller mulching film recovery device 
МПК
A01B43/00 (2006.01); A01G13/02 (2006.01)
	DINGXI SANNIU AGRICULTURAL MACHINERY MFG CO LTD
CN20132593889U 20130925 
	Полезная модель относится к мульчирования пленкой очистки сельскохозяйственных механические инструменты, в частности, прямой тип зубов ролик мульчирование восстановления Фильм устройства.
Прямой тип зубов ролик мульчирование восстановления фильм устройство сочетает в себе сбор пленки и очистку в целом, и разумно в структуре, легко и удобно использовать, с низким потреблением энергии и высокой эффективности.


	25
	CN203675553 (U) 
 2014-07-02

Film cutting, removing, lifting and winding type mulching film pick-up machine 
	WIWEI GUANGDA INDUSTRY AND TRADE CO LTD +

CN2014252660U 20140127 
	Полезную модель раскрывает монтажера, удаление подъема и обмотки типа мульчирование фильм пикап машину и относится к технической области сельхозугодий отходов мульчирования сбора пленки и пикап машин.
Мульчирующая пленка пикап машина содержит корпус машины, суспензии раму, расположенную на раме машины, земельные колеса расположены на двух сторонах рамы станка и механизма передачи, механизм пленка резки расположен
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МПК
A01B43/00 (2006.01); A01G13/02 (2006.01)
	
	под передней части машины рамы, механизм подъема пленка расположена в положении, за механизмом пленка резки на раме машины, встряхивая почвы и удаление транспортирующий механизм выполнен за механизма подъема пленки, почва встряхивания и удаления транспортирующий механизм выполнен в середине из рамы машины, мульчирующая намотанной пленки механизм расположен над задней части рамы машины, а мульчирующая намотанной пленки механизм устроен позади почва встряхивания и удаления транспортирующего механизма.
Машина может закончить фильм резки, пленки атлетика, поверхность пленки для удаления примесей, мульчирование пленки сбор и как на один раз, сочетание работы из множества рабочих процедур, таких как пленки резки, кино подъема, сорняков и соломы удаления и почвы пожимая может будет завершена в то время, интенсивность труда снижается, работает стоимость сохраняется, и эффективность работы эффективно улучшается.
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	CN203859999 (U) 
2014-10-08

Mulching film clearing machine 

МПК
A01B43/00 (2006.01); A01G13/02 (2006.01)
	LI WENZE

CN20142229832U 20140429 
	Мульчирование фильм очистка машина содержит подачи почвы колесо, вибрационный экран, рамку пучок, защитную пластину, пропускаемого ведро, универсальные диски, посадки на мель клетку, вентилятор, подавая трубу, вал передачи, коробка передач, рычаг подвески и трактор.
Submit CorrectionsClose
Подача почвы колесо расположено на передней части рамы пучка, вибросито, расположена на задней стороне подачи колеса почвы, нижний конец задней стороне вибрационного сита снабжена переплетения клетке и вентилятора две группы универсальных колес расположены на левом нижнем конце и нижнем правом конце середине кадра пучка, подача трубы расположены на наружном конце воздушного порта вентилятора, и верхний порт подачи Труба приводит к
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	пропуска ведро расположенных на верхнем конце перегородки.
Защита пластина содержит пылезащитные чехлы, расположенные с двух сторон.
Пылезащитной крышки расположены на верхних концах и на левой стороне и на правой стороне подачи грунта колеса и вибрационного сита и неподвижно установлен на раме пучка, рычаг подвески неподвижно установлен на переднем конце рамы пучка и связана с трактором, и устройство передачи приводит в движение колесо подачи масла, вибросито, переплетения клетку и вентилятор.

	27
	CN203984914 (U) ― 2014-12-10
Mulch film recovery device 

МПК
A01B43/00 (2006.01); A01G13/02 (2006.01)

	XIA ZHENGFU
	Полезная модель относится к сельскохозяйственной машины, в частности устройства мульча восстановления фильм.
Устройство содержит стойку 1, прокатный ствол 2, щетка 3, батарею 4, электродвигатель 5, а кнопочный выключатель 6, и колесо 12.
Устройство характеризуется тем, что при прокатке ствола 2 подвижно соединена со стойкой 1 через I10 подшипника сиденья с подшипником и II11 подшипника сиденья с подшипником
и сбоку подвижного ствола 2 снабжена щеткой 3.
Щетка 3 может перемещаться в небольшом диапазоне от стеллажа 1, тем самым регулируя расстояние между щеткой 3 и подвижного ствола 2.
Когда устройство перемещается вперед, вращение электродвигателя 5 можно регулировать с помощью кнопки переключателя 6, и подвижного ствола 2 приводится через ременную передачу на rotat3.
Когда подвижного ствола 2 вращается по часовой стрелке, мульча пленка на землю может быть ранеными на подвижного ствола 2 и 3 щетки можно очистить почву на мульчи пленки в процессе намотки.
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	Устройство может очистить мульчи фильм на земле быстро и удобно.

	28
	C
N204047053 (U) ― 2014-12-31

Digging-tooth film recycling machine  

МПК
A01B43/00 (2006.01);
	BORTALA MONGOL AUTONOMOUS PREFECTURE YONGQI WATER SAVING EQUIPMENT SCIENCE & TECHNOLOGY DEV CO LTD; LI JING
	Полезную модель раскрыта рытье зуба переработки пленки автомат, содержащий суспензию, основную раму и механизм передачи.
Зубья долота (11) расположены на нижней части основной рамы.
Сбор устройство выполнено по землеройной зубов (11) и включает в себя привод колесной пары (22) и цепи (23) расположены на ведущее колесо набора (22).
Поперечные стержни (24) и доставка зубов (21), выстроенные расположены на цепях (23)
Экран (25) параллельно расположены на цепях (23) и поперечных стержней (24).
Щеточный валик (32) с равномерно распределенными щетинок (31) и коллектор расположены в задней части захватного устройства.
По сравнению с уровнем техники, рытье зуб утилизацию машина фильм лучше в силу утилизации, проще по конструкции и выше в выборе эффективность, лучше подобрать кусочки пленки различных размеров и особенно может выкопать, ясно и перерабатывать фильм остается похоронен в почва.

	29
	US 5,386,876

MACHINE FOR REMOVING WIDE STRIPS
LAD OUT ON THE GROUND
A01D 33/08 (1995.02)
	Guy Lavo, Sancheville
	Машина 1 содержит раму 4, которая состоит из двух продольных балок 5, отделенных друг от друга, и одной передней поперечной балки 6, которая соединяет их и на которой предусмотрено средство для крепления рамы к трактору 7. В задней части продольные балки 5 посредством рычагов 5а, проходящих вниз, имеются два опорных колеса 8. В своей задней части продольная балка 5 имеет  два больших

	Продолжение таблицы Б.1

	
	
	
	 коаксиальных колеса 9 со спицами, которые не касаются земли и связанны во вращении с поперечным подвижным валом 10.
Колеса 9 могут приводиться во вращение с помощью ходовых колес 11, которые прижимаются к их периферии сверху и которые установлены на общем поперечном валу 12, приводимом в движение гидравлическим двигателем, при этом колеса 11 и вал 12 установлены на конец двух противоположных рычагов 14, шарнирно соединенных с продольными балками 5 и на которые воздействуют пружины или натяжители 15, действующие в направлении, которое прижимает ходовые колеса 11 к колесам 9 для получения фрикционного привода, который можно регулировать натяжением пружин или натяжителей 15.
В своей передней части рама 4 с помощью рычагов 5b, идущих вниз, опирается на две расцепленные части отвала 16, которые направлены вперед и находятся на уровне земли, причем расстояние между  отвалами 16 немного меньше ширины мульчирующей пленки 2. Расстояние между отвалами 16 регулируется для того, чтобы можно было приспосабливаться к разной ширине удаляемых пленок. Перед колесами 9 и за отвалами 16 продольные балки 5 несут свободные для вращения концы поперечного вала 17, между которыми расположен поперечный барабан 18. Поперечный барабан 18 имеет на своих концах две противолежащие друг другу радиальные пластины 19, и его периферийная часть, образована восемью поперечными стержнями 18а цилиндрического поперечного сечения, которые находятся в их средней части, которые простираются прямолинейно до пластин 19 и которые равномерно распределены таким образом, чтобы образовывать две противоположные конусные секции, барабан 18 имеет соответственно диаметры, которые уменьшаются по направлению к каждому из его концов. 
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	Кроме того, рама 4 имеет две цилиндрические щетки 20 для отчистки мусора находящегося на поверхности пленки, которые связаны с двумя конусообразными частями барабана 18 и расположены так, что эти щетки 20 вращаются  приводясь во вращение гидравлическим двигателем 21. Кроме того, они могут быть отрегулированы по высоте относительно барабана 18.  Две цилиндрические щетки 20, которые расположены по обе стороны от средней радиальной плоскости барабана 18 и которые простираются по всей его длине, наклонены относительно продольного направления полосы таким образом, что их смежные концы находятся позади их другие концы, причем их смежные концы опираются на поперечную балку 22 рамы 4. Сзади и ниже двух щеток 20 предусмотрены два дефлектора 23, которые наклонены назад и которые имеют перевернутый задний край 24, при этом дефлекторы 23 наклонены к задней части и к боковым сторонам машины. Между колесами 9 и барабаном 18 предусмотрен поперечный ролик 25, концы которого опираются на два в зацепленных рычагах 26, другие концы которых шарнирно соединены с продольными балками 5. Один из его рычагов 26 соединен стяжным стержнем 27. Подвижный элемент для регулировки гидравлического распределителя 28 установлен на гидравлическом контуре двигателя для привода ходовых колес 11.





Выводы о выполнении регламента поиска

Регламент поиска по теме: «Технология и средства удаления мульчирующей пленки и гибких поливных лент капельного орошения с поля в после уборочный период»

Всего отобрано по патентной документации: 29
Из них по странам: Казахстан – 2, Россия – 13, Китай – 12, Республика Корея – 1.
При патентно-информационном поиске найден наиболее близкий аналог KZ №1782 от 15.11.2016 г. «Устройство для удаления мульчирующей пленки», совпадающим признаком являются то, что устройство для удаления мульчирующей пленки, содержащее раму с опорными колесами, механизм подъема пленки и барабан для наматывания мульчирующей пленки, также отвал для освобождения края пленки, находящегося в почве, закрепленный за отвалом механизм резки в виде барабана с качающимися ножами лопатками, установленными по боковой поверхности барабана в шахматном порядке, и установленный под барабаном транспорт для удаленной пленки и скошенной растительной массы, причем над этим транспортером установлен транспортер с направляющими элементами для перемещения растительной массы, а барабан для наматывания мульчирующей пленки снабжен шипами, отличием является то, что барабан для наматывания мульчирующей пленки выполнен в виде принудительного привода от гидромотора и без шипов. 
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APPENDIX G
 Results of calculations of the theoretical part

Г.1 Расчет прочностных характеристик трубы из ПВХ
Под воздействием наматываемой  пленки  в трубе возникают касательные напряжения, которые стремятся деформировать ее. Касательные напряжения возникают в результате натяжения  наматываемой пленки за счет сопротивления  почвы при вытаскивании пленки из почвы. Расчет прочности трубы ПВХ производился с использованием программного обеспечения Inventor Professional 2018, которое определяет устойчивость трубы при соответствующих касательных напряжениях: при максимальном сопротивлений почвы; при разрыве пленки. 
Выбранная модель трубы  с фиксаторами на торцевой части представлена на рисунке Г.1.
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Рисунок Г.1 – Модель спаренного устройства
 
Для расчета  напряжений возникающих в трубе исходные характеристики трубы из ПВХ представлены в таблице 1.

Таблица Г.1 – Характеристики трубы из ПВХ для расчета напряжений
	Массовая плотность
	1,4 г/см3

	Предел текучести
	46,53 MПа

	Окончательный предел прочности растяжения
	52,36 MПа

	Модуль Юнга
	3,4 ГПа

	Коэффициент Пуассона
	0,4 

	Модуль упругости при сдвиге
	1,21429 ГПа

	Диаметр трубы
	50 мм



[bookmark: _Hlk32046025]Г.2 Результаты расчета напряжений трубы из ПВХ
В результате расчета напряжений трубы из ПВХ с учетом  прочностных показателей полимерных пленок от различных факторов и сопротивления почвы при намотке получены результаты расчета представленные на рисунках Г.2 и Г.3.
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Рисунок Г.2 – Смещения трубы при максимальном 
натяжении пленки перед разрывом 
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Рисунок Г.3 – Коэффициент запаса прочности устройства

Как видно из графика в результате воздействия сопротивления почвы при намотке мульчирующей пленки смещение трубы от центральной ее оси (в условиях без прогиба) составляет 451 мм. Данное смещение принято допустимым для сохранения устойчивого состояния трубы между прижимными конусами.



APPENDIX D
Data of experimental study

Д.1 Методика определения углов и коэффициентов трения отходов растительного происхождения
Углы трения по стальной поверхности без давления определялись в покое и в движении на приборе, схема которого представлена на рисунке Д.1. 
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1 – стальной лист; 2 – станина горизонтальная; 3 – вертикальная опора;
4 – конечный блок; 5 – промежуточный блок; 6 – секторный механизм;
7 – нить для привода стального листа
Рисунок Д.1 – Схема и общий вид прибора для определения углов естественного откоса и трения по стальной поверхности

На поверхности стального листа 1, находящегося в горизонтальном положении, свободно размещался исследуемый материал произвольной массы. Затем лист вручную поднимался лебедкой 4 до тех пор, пока исследуемый материал не приходил в движение. Положение листа фиксировалось, и замерялся угол его наклона, с помощью секторного механизма 6. При определении углов трения в движении лист 1 поднимается на фиксированный угол и на него размещается определенная порция исследуемого материала. По мере увеличения угла наклона листа1, фиксировалось положение, при котором исследуемый материал, начинал сползать без задержки по поверхности трения. Для достоверной оценки углов трения опыты проводились в пятикратной повторности. Температура и влажность исследуемого материала во всех опытах поддерживалась в пределах: температура 298 +1К, влажность 10+2%.
Коэффициент трения при низких давлениях (в пределах 500…1500 Па) определялась на установке, схема которой показана на рисунке Д.1.
Для определения коэффициента трения зеленой массы от давления использовалось устройство, разработанное сотрудниками.
Схема установки для определения внешнего трения (коэффициента, трения скольжения) показана на рисунке Д.1.
Методика определения динамического коэффициента трения заключается в следующем. Исследуемый материал засыпается в короб 7 разравнивается. На материал накладывается пластина, давление от которой равно давлению на кожухе распределителя трудносыпучих материалов или на витках шнекового питателя пресса, создаваемого при перемещении материала за счет центробежных сил.
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1-рама; 2- опорный наконечник кронштейна; 3- тензометрический датчик;
4- кронштейн; 5- вал цилиндрического барабана; 6- цилиндрический барабан трения; 7- короб; 8- приводной вал; 9- ось промежуточного колеса;
10- промежуточное колесо; 11- колесо на валу электродвигателя;
12- электродвигатель; 13- крышка короба; 14- ручка крышки; 15- грузик;
16- исследуемый материал; 17- опора промежуточного колеса; 18-опора цилиндрического барабана; 19- осциллограф; 
20- частотный преобразователь; 21- сменный шкив
Рисунок Д.2 – Схема и общий вид установки для определения коэффициентов трения

Барабан 6 приводится во вращение от мотор-редуктора 12. При работе прибора шарнирно укрепленный на оси короб  7, за счет сил сцепления  между поверхностью  «дорожки» и исследуемым материалом, стремится повернуться в направлении вращения барабана 6, оказывая через опорные пластины 2 давление на кронштейн 4 равного сопротивления с датчиками.
По показанию милливольтметра по тарировочному графику определялось истинное значение усилий на перемещение материалов растительного происхождения. 
Коэффициенты трения рассчитывались по формулам:
- для статистических коэффициентов трения –


,                                                (Д.1)

- для динамических коэффициентов трения –


,                                              (Д.2) 

гдеfc и fд – соответственно статический и динамический коэффициент трения;
Fc и Fд – сила трения растительного продукта в начальный момент сдвига коробки и при установившемся движении, Н;
Рс и Рд – сила нормального давления, Н.
Вся серия опытов проводилась в 3-кратной поверхности при изменяемых значениях нормального давления, скорости перемещения, температуры и влажности исследуемого материала.

Д.2 Определение изменения прочностных показателей полимерных пленок от различных факторов
[bookmark: _Hlk22582427][bookmark: _Hlk22582450]Полимеры, как и многие другие материалы, способны разрушаться под воздействием факторов внешней среды. Однако в отличие от металлов и бетона термин «коррозия» к ним неприменим, а используется термин «деструкция». Устойчивость полимерных материалов к воздействию факторов внешней среды принято характеризовать атмосферостойкостью. Атмосферостойкость – это способность полимерных материалов выдерживать воздействие различных атмосферных факторов (солнечная радиация, тепло, кислород воздуха, влага, промышленные выхлопные газы и др.) в течение продолжительного времени без значительного изменения внешнего вида, а также эксплуатационных свойств (физико-механических, диэлектрических и др.). Также на полимеры воздействуют живые организмы, вызывающие биоповреждения. Биоповреждение (биологическое повреждение) — это любое изменение (нарушение) структурных и функциональных характеристик объекта, вызываемое биологическим фактором. При этом биоповреждение материалов микроорганизмами происходит с участием не одной какой–либо группы, а с участием всех существующих видов микроорганизмов.
Атмосферостойкость полимерных пленок определялись в естественных условиях. При испытаниях образцы закрепили на поверхности почвы, расположенных на открытой площадке (рисунок Д.3). 
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Рисунок Д.3 – Заложенные образцы в полевых условиях
Испытание полимерных пленок проводилось согласно требованиям ГОСТ 14236-81. Для испытания полимерных пленок применялись образцы в форме прямоугольника шириной 25 мм, длиной не менее 150 мм (рисунок Д.4).
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Рисунок Д.4 – Размеры образцов разных видов полиэтиленовой пленки

Числовые значения размеров пленки приведены в таблице Д.1.

Таблица Д.1 – Числовые значения образцов испытания
	Параметры
	Размеры, мм

	Общая длина l1, не менее
	250

	Расстояние между метками, определяющими положение кромок зажимов на образце l2
	170 ±5

	Расчетная длина l0
	50 ±1

	Ширина головки b1
	25 ±0,5

	Толщина d
	0,03
0,05
0,08
0,1
0,1 (черная)
0,12 (черная)


Перед испытанием на центральную часть образца наносились метки, ограничивающую расчетную длину l0, длина которой составляла 50 мм (без повреждения образцов). Толщину и ширину образцов измеряли в трех местах, в середине образца и на расстоянии 5 мм от краев меток прибором ЕТ – 11 Р, который перед проведением исследования предварительно калибровался с помощью стандартной пленки (рисунок Д.5). Из полученных значений вычислялись средние арифметические, по которым вычисляют начальное поперечное сечение А0.
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Рисунок Д.5 – Прибор для замера толщины пленки с калибровочной пленкой
Образцы закреплялись в зажимы испытательной машины (рисунок Д.6) по меткам, определяющим положение кромок зажимов, таким образом, чтобы продольные оси зажимов и ось образца совпадали между собой и с направлением движения подвижного зажима. Зажимы затягивались равномерно, чтобы не было проскальзывания образца в процессе испытания, но при этом не происходило его разрушение в месте закрепления. Далее настраивался прибор для замера деформаций (при этом учитывалось, что l0 – расчетная длина, мм). 
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1 – рукоятка; 2 – опора, 3 – мерная шкала, 4 – образец растяжения;
5 – тензодатчик
Рисунок Д.6 – Схема и общий вид испытательного прибора на растяжение

Обработка результатов на прочность (σ) в МПа (Н/мм2) проводилась по следующим формулам:
прочность при растяжении (σz)

	
	(Д.3)



прочность при разрыве (σr)

	
	(Д.4)



где Fmax – максимальная растягивающая нагрузка при испытании на растяжение, Н;
Fr – растягивающая нагрузка в момент разрыва, Н;
A0 – начальное поперечное сечение образца, мм2.

Относительное удлинение (ε) в процентах вычислялось по формулам:
относительное удлинение при максимальной нагрузке (εz)

	
	(Д.5)



относительное удлинение при разрыве (εr)

	
	(Д.6)



где l0 – начальная расчетная длина образца, мм;
l0z – изменение расчетной длины образца в момент достижения максимальной нагрузки, мм;
l0r – изменение расчетной длины образца в момент разрыва, мм;
За результат испытания принимались среднее арифметические пяти определений, вычисленное до второй значащей цифры.

Д.3 Методика определения сопротивления почвы при намотке
Для определения сопротивления почвы при намотке использовалась установка для намотки мульчирующей пленки (рисунок Д.7), которая состоит из рамы-стойки 1, вала с намоточной гильзой 2 и динамометрического ключа 3. 
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1 – рама-стойка; 2 – вал с намоточной гильзой, 3 – динамометрический ключ, 4 – мульчирующая пленка; 5 – корневые остатки 
со срезанными стеблями
Рисунок Д.7 – Схема и общий вид установки для определения сопротивления почвы при намотке

Д.4 Изменение прочностных показателей полимерных пленок от различных факторов
По мере повышения температуры окружающей среды на образцах из-за окислительных процессов, улетучивании пластификаторов, противоустари-телей и т.д., привело к изменению исходных свойств, в частности к росту жесткости и хрупкости. Также на образцах с истечением времени произошло изменение цвета, появились трещины (рисунок Д.8).
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Рисунок Д.8 – Общий вид и полевые экспозиции образцов разных видов полиэтиленовой пленки 

Результаты исследования на прочность при растяжении, прочности при разрыве, относительного удлинения при максимальной нагрузке и относительного удлинения при разрыве получены графические интерпретации в виде зависимостей на рисунках Д.9, Д.10, Д.11, Д.12 значение которых приведены в таблице Д.2. 
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Рисунок Д.9 – Сравнительные показатели полиэтиленовых пленок на прочность при растяжении с различной толщиной
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Рисунок Д.10 – Сравнительные показатели полиэтиленовых пленок на прочность при разрыве с различной толщиной
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Рисунок Д.11 – Сравнительные показатели полиэтиленовых пленок на относительное удлинение при максимальной нагрузке с различной толщиной
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Рисунок Д.12 – Сравнительные показатели полиэтиленовых пленок на относительное удлинение при разрыве с различной толщиной
Таблица Д.2 – Результаты испытания определения на прочность и относительного удлинения
	№
	Толщина d, мкм
	Продолжительность τ, дни

	
	
	0
	15
	30
	45
	60
	75
	90
	105

	Прочность при растяжении σz, МПа

	1
	30
	9,42
	9,38
	8,98
	9,29
	13,28
	11,81
	10,18
	9,5

	2
	50
	8,74
	8,21
	8,2
	8,01
	8,75
	10,61
	9,92
	8,97

	3
	80
	9,8
	9,73
	9,44
	9,73
	10,196
	10,4
	12,72
	11,7

	4
	100
	11,65
	11,83
	11,92
	12,36
	10,48
	9,17
	10,81
	9,83

	5
	100 (черная)
	13,22
	13,28
	11,11
	10,55
	10,73
	12,54
	11,84
	11,26

	6
	120 (черная)
	13,4
	14,04
	11,8
	10,49
	10,94
	11,97
	9,36
	9,3

	Прочность при разрыве σr, МПа

	1
	30
	9,42
	9,36
	9,31
	7,45
	10,98
	5,85
	5,18
	4,97

	2
	50
	8,59
	7,94
	7,76
	7,66
	8,36
	7,32
	7,91
	7,9

	3
	80
	9,52
	9,39
	9,21
	9,55
	8,26
	8,18
	8,42
	8,22

	4
	100
	11,06
	11,34
	11,28
	12,27
	9,14
	8,38
	8,45
	8,2

	5
	100 (черная)
	11,94
	10,73
	9,66
	9,5
	8,9
	8,72
	8,84
	8,15

	6
	120 (черная)
	13,27
	13,66
	11,04
	9,4
	9,05
	9,62
	6,4
	8,22

	Относительное удлинение при максимальной нагрузке εz, %

	1
	30
	444
	366
	342
	144
	110
	132
	110
	118

	2
	50
	352
	216
	200
	172
	110
	116
	116
	114

	3
	80
	404
	364
	356
	346
	160
	180
	140
	132

	4
	100
	434
	360
	396
	494
	198
	152
	122
	120

	5
	100 (черная)
	414
	310
	216
	118
	110
	158
	116
	106

	6
	120 (черная)
	696
	508
	342
	118
	110
	124
	112
	124

	Относительное удлинение при разрыве εr, %

	1
	30
	444
	390
	358
	222
	130
	180
	110
	188

	2
	50
	276
	244
	230
	202
	116
	156
	134
	146

	3
	80
	416
	396
	380
	392
	210
	236
	202
	162

	4
	100
	352
	382
	426
	598
	292
	184
	178
	150

	5
	100 (черная)
	424
	344
	250
	150
	122
	192
	126
	154

	6
	120 (черная)
	704
	538
	416
	148
	122
	150
	122
	120





APPENDIX E 
 Terms of reference for the development 
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PPENDIX Zh 
 Design documentation of an  experimental model

[image: ]



APPENDIX I 
General view of an experimental model of a machine for removing mulch film and flexible drip tape
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APPENDIX K 
Energy performance of machine for
remove mulch film and flexible drip tape

Для определения твердости почвы был использован пенетрометр ПСГ-МГ 4. Исследования проводились непосредственно в полевых условиях, где должен был пройти проверку разрабатываемая экспериментальная машина для удаления мульчирующей пленки и гибкие капельные ленты (рисунок К.1). 
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Рисунок К.1 – Грунтовый пенетрометр в состоянии проверки почвы

Влажность определялась общепринятым методом высушивания. Для этого брались пробы на каждом участке и различных глубинах 0…5 см, 5…10, 10…15 см в специальные стаканчики (бюксы). Взятые пробы высушивались в сушильном шкафу при t=1050С в течение 6 часов. После высушивания влажность определялась в процентах по формуле:

	
, %
	(К.1)





где ,- масса бюксы с почвой соответственно до и после высушивания, г, - масса бюксы без почвы, г.
Затем определялась средняя влажность по глубине:

	
, %
	(К.2)




где  - число замеров по глубине,

- влажность в процентах на заданной глубине.
Таблица К.1 – Влажность и твердость почвы на участке заделанного края пленки
	 Участок
	Глубина замера, см
	Влажность почвы, %
	Твердость, МПа

	Заделанный край пленки
	5
	43,7
	2,8

	
	10
	46,4
	2,93

	
	15
	51,4
	3,14



В процессе проведения экспериментальных исследований в полевых условиях были произведены замеры мощности, потребной на холостой ход и рабочие ходы для различных вариантов установки рабочих органов. Для этого регистрировались специальной аппаратурой давление рабочей жидкости на входе и выходе гидромотора.
Мощности, потребляемой на привод рабочих органов испытуемого агрегата с гидравлическим приводом рабочих органов N, определяется выражением
	, кВт
	(К.3)



где, Qт – теоретическая подача насоса, л/мин; 
ΔP – перепад давления в гидромоторе, мПа; 
ηгм – гидромеханический КПД гидромотора.
Программируемое реле ПР200-24.4.2.0 применялась для решения задач автоматизированного подсчета перепада давления в гидромоторе. Для автоматического контроля перепада давления на входе гидромотора был установлен датчик давления ПД100-ДИ40.0-111-0.5 и на выходе датчик давления ПД100-ДИ25.0-111-0.5 с точностью измерения ±0,5% ВПИ фирмы «Овен». При проведении полевых испытании также измерялись частота оборотов гидромотора, счетчиком оборотов (тахометром) ТХ01-224.Щ2.Р.RS, скорость движения агрегата при помощи программируемого реле ПР200-24.4.2.0. Для этого применялись индуктивные бесконтактные выключатели ISB A4A-31P-5-LZ (рисунок К.2).
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Рисунок К.2 – Установка датчиков на экспериментальной машине:
а) для регистрации перепада давления в гидромоторе; б) для регистрации оборотов вала гидромотора; в) для регистрации оборотов колеса машины
с) блок-регистратор 
Программирование реле ПР200-24.4.2.0 производилось написанием алгоритма на языке FBD (МЭК 16131:3) с помощью среды программирования OWEN Logic (рисунок К.3).
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Рисунок К.3 – Интерфейс среды программирования OWEN Logic для создания алгоритмов работы программируемого реле

Для визуализации и управления измерительными процессами программируемое реле ПР200-24.4.2.0 было подключено к панели оператора ETG 7˝ серии ONI с оперативной и постоянной памятью для обработки и сохранения информационных данных. Программное обеспечение для создания пользовательского приложения на панели оператора производилось с помощью программы ONI Visual Studio (рисунок К.4). Где можно было задать параметры радиуса качения колеса машины, коэффициента учитывающего проскальзывание колеса машины, теоретическую подачу насоса и гидромеханический КПД гидромотора.
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Рисунок К.4 – Интерфейс программного обеспечения ONI Visual Studio при создании алгоритма работы и графической панели оператора
Перед выполнением технологических операций механизмы машины устанавливались на оптимальные режимы применительно к условиям испытаний и техническим требованиям к удалению мульчирующей пленки и гибких капельных лент. Испытания проводились на различных скоростях агрегата (рисунок К.5) 

[image: ]
Рисунок К.5 – Испытание экспериментальной машины для удаления мульчирующей пленки и гибких капельных лент

Энергия, передаваемая приводным механизмом машины для удаления мульчирующей пленки и гибкой капельной ленты, расходуется в основном на поднятие мульчирующей пленки с поверхности поля, намотку мульчирующей пленки и капельной ленты. В результате обработки данных, записанных во время  полевых испытаний, построены графики зависимости расходуемой мощности от оборотов гидромотора и поступательной скорости агрегата (рисунки К.6 – К.18).


Рисунок – К.6 Изменение потребляемой мощности в зависимости от перепада давления при средней скорости агрегата Vср = 0,52 м/с

Рисунок – К.7 Изменение потребляемой мощности в зависимости от оборотов гидромотора при средней скорости агрегата Vср = 0,52 м/с


Рисунок – К.8 Изменение перепада давления в зависимости от оборотов гидромотора при средней скорости агрегата Vср = 0,52 м/с


Рисунок – К.9 Изменение потребляемой мощности в зависимости от перепада давления при средней скорости агрегата Vср = 0,96 м/с

Рисунок – К.10 Изменение потребляемой мощности в зависимости от оборотов гидромотора при средней скорости агрегата Vср = 0,96 м/с


Рисунок – К.11 Изменение перепада давления в зависимости от оборотов гидромотора при средней скорости агрегата Vср = 0,96 м/с


Рисунок – К.12 Изменение потребляемой мощности в зависимости от перепада давления при средней скорости агрегата Vср = 1,58 м/с


Рисунок – К.13 Изменение потребляемой мощности в зависимости от оборотов гидромотора при средней скорости агрегата Vср = 1,58 м/с


Рисунок – К.14 Изменение перепада давления в зависимости от оборотов гидромотора при средней скорости агрегата Vср = 1,58 м/с


Рисунок – К.15 Изменение потребляемой мощности в зависимости от перепада давления при средней скорости агрегата Vср = 1,8 м/с

Рисунок – К.16 Изменение потребляемой мощности в зависимости от оборотов гидромотора при средней скорости агрегата Vср = 1,8 м/с


Рисунок – К.17 Изменение перепада давления в зависимости от оборотов гидромотора при средней скорости агрегата Vср = 1,58 м/с


Рисунок – К.18 Изменение потребляемой мощности в зависимости от поступательной скорости агрегата
Как видно из графиков, мощность на привод приводного механизма агрегата растет с увеличением перепада давления и увеличением оборотов гидромотора (рисунки К.6 – К.17). Зависимость изменения потребляемой мощности на привод агрегата, при поступательной ее скорости изменяется почти по линейному закону (рисунок К.18). Из графика видно, что с увеличением поступательной скорости агрегата потребляемая мощность на привод механизма агрегата падает с 1,86 кВт до 1,52 кВт, что на 18% меньше чем при средней скорости 0,52 м/с. При намотке мульчирующей пленки и гибких капельных лент, предохранительные муфты приводного механизма агрегата срабатывают в зависимости от поступательной скорости агрегата. Таким образом, с увеличением поступательной скорости агрегата, время срабатывания предохранительных муфт сокращается, что приводит к уменьшению потребляемой мощности на привод.
Подача освобождённой пленки (от почвы) и скошенной массы растений по наклонному транспортеру контролировалась по перемещению ленты вместе с наклонным транспортером. При этом отсутствовало обратное падение скошенной массы назад по транспортеру. Это показывало угол наклона транспортера подобрана в пределах нормы относительно горизонта.
Отделение скошенной массы растений и остатков земли от мульчирующей пленки, направленной для намотки на поверхности барабана, происходило под воздействием инерционной силы. Куски почвы, залипшие на поверхности при повороте мульчирующей пленки в концевом ролике транспортера, отлепились, также остатки растительных отходов отделились.
Намотка мульчирующей пленки на поверхность барабана происходила под натяжением независимо от незначительного изменения движения агрегата. Этому способствовало завышенные обороты барабана от гидропривода.  При этом от разрыва мульчирующей пленки сохраняла предохранительная муфта, отрегулированная заранее на необходимый крутящий момент барабана. Определялась начальная длина пленки до намотки на барабан с помощь линейки в начале каждого загона и данные заносились в ведомость (таблица К.2).
По полученным данным испытаний определялись суммарные значения замеров и их средние значения.

Таблица К.2 – Ведомость определения глубины выкапывания почвы у края пленки и начальная длина пленки до намотки
	Учетная делянка
	Глубина выкапывания, см
	Начальная длина до намотки, см

	1
	12
	50

	2
	11
	70

	3
	13
	50

	Сумма
	36
	170

	Среднее значение
	12
	56,6



Измерение тягового сопротивления экспериментальной машины проводились методом динамометрирования посредствам буксировки пахотного агрегата вторым трактором (рисунок К.19). 
Тяговое сопротивление машины для удаления мульчирующей пленки и гибкой капельной ленты замерялось при помощи динамометра для определения тягового усилия машин марки МЭЗИМ с предельной нагрузкой до 3000 кг.
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Рисунок – К.19 Испытание тягового сопротивления агрегата

Тяговое сопротивление сельскохозяйственной машины Rм, вычислялось по формуле

	Rм = Rт.а. - Rт.с., Н
	(А.2)



где Rт.а. - тяговое сопротивление машинно-тракторного агрегата при выполнении технологической операции, H;
Rт.с. - тяговое сопротивление трактора при его движении без сельскохозяйственной машины, H.

Результаты тяговых испытаний после математической обработки представлены таблице К.3.

Таблица К.3 – Показатели тягового сопротивления агрегата
	Наименование измерения
	Номер испытания
	Среднее значение
	Коэффициент вариации

	
	1
	2
	3
	4
	5
	
	

	Rт.а., кН
	6,35
	6,39
	6,36
	6,37
	6,38
	6,37
	0,002482

	Rт.с., кН
	4,42
	4,41
	4,39
	4,43
	4,4
	4,41
	0,003585

	Rм, кН
	1,93
	1,98
	1,97
	1,94
	1,98
	1,96
	0,023452



Сброс намотанной мульчирующей пленки и гибкой капельной ленты проводилось после прохождения агрегатом длины гона и заправлялась сердечником (барабаном) для последующего заезда (рисунок К.20).
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Рисунок К.20 – Вид намотанной мульчирующей пленки и гибкой капельной ленты в момент сброса из агрегата
Испытание механизма для уборки гибких поливных лент капельного орошения проводились после отделения путем демонтажа от основного устройства и установлением на навесное устройство трактора.  Такой способ необходим обычно для случая, когда отсутствует мульчирующая пленка. Сбор ленты проводился в стационарном состоянии трактора у края поля. Навесной механизм испытывался с сердечником и без сердечника намотки ленты.  При этом использовался направляющее устройство для намотки ленты (рисунок К.21).
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Рисунок К.21 - Намотка гибких поливных лент капельного орошения

По результатам экспериментальных исследований машины для удаления мульчирующей пленки и гибкой капельной ленты,  были определены геометрические и динамические параметры (таблица К.4).

Таблица К.4 – Краткая техническая характеристика машины для удаления мульчирующей пленки и гибкой капельной ленты.
	Ширина пленки, м
	до 1,5

	Ширина захвата агрегата, м
	1,5

	Производительность, га/ч
	до 1,2

	Рабочая скорость, м/с
	до 1,8

	Частота вращения вала гидромотора, об/мин
	150…170

	Масса, кг
	550
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APPENDIX L  
Economic efficiency of work
Для экономической оценки можно было сравнивать три варианта удаления мульчирующей пленки и гибкой поливной ленты:
- базовая рассадопосадочная машина,
- удаление мульчирующей пленки и гибкой капельной ленты вручную,
- экспериментальный образец машины для удаления мульчирующей пленки и гибкой капельной ленты.
Для сравнительной оценки были выбраны согласно ГОСТ 34393-2018 только механизированные способы посадки рассады. За аналог для сравнения принимают лучшую серийно выпускаемую в государстве технику, а при его отсутствии – лучший зарубежный аналог, который преобладает в составе зональных машинных технологий в конкретном государстве.
В качестве аналогового варианта, использовалась показатели машины PMR-01 компании «Rocca Industries Pty Ltd».
Технические характеристики для расчета представлены в таблице Л.1.

Таблица Л.1 - Основные показатели машин для сравнительной оценки

	Показатели
	Аналог
	Новый

	Ширина захвата, м
Производительность, га
Масса, кг
Количество обслуживающего персонала, включая тракториста, чел.
Стоимость, тыс. тг
	до 1,5
до 1,2
540

2
10 298,5
	до 1,5
до 1,2
550

1
1 700,0



Определение преимуществ и недостатков проектируемого варианта технологии, техники, ее обслуживания и ремонта заключается в сопоставлении по вариантам частных и общих экономических показателей, характеризующих экономию общественного труда.

Л.1 Основные показатели экономической оценки
На выполнение единицы вида работы экономические показатели включают в себя:
- затраты труда,
- прямые эксплуатационные затраты денежных средств,
- совокупные затраты денежных средств.
Показатели ресурсосбережения включают в себя:
- совокупные затраты денежных средств на годовой фактический объем работы новой техники;
- выполнение годового условного объема работы, в том числе:
1) совокупные затраты денежных средств;
2) потребность в технике;
3) потребность в обслуживающем персонале (механизаторах и вспомогательных рабочих);
4) потребность в дизельном топливе;
5) потребность в капитальных вложениях.
Показатели сравнительной экономической эффективности включают в себя:
- годовую экономию совокупных затрат денежных средств в сравнении с аналогом,
- снижение себестоимости работы,
- срок окупаемости капиталовложений,
- снижение потребности в обслуживающем персонале (механизаторах и вспомогательных рабочих),
- снижение потребности в дизельном топливе.

Л.2 Методы определения экономических показателей на отдельных видах механизированных работ
Экономические показатели по специализированной технике, комбинированным агрегатам и универсальной технике на отдельных видах (удаление мульчирующей пленки и гибких поливных лент) механизированных работ определялись в расчете на единицу наработки (га).
Затраты труда на вид работы [image: ], чел.-ч/ед. наработки, определялись по формуле:
[image: ],                                                             (Л.1)

где [image: ]- общее количество механизаторов и вспомогательных рабочих, обслуживающие самоходную технику в течение смены, чел.;
[image: ]- производительность МТА за 1 ч сменного времени га/час. 
Прямые эксплуатационные денежные затраты, приходящиеся на выполнение одной единицы работы [image: ], тг/га., вычислялись по формуле

[image: ],                                     (Л.2) 

где [image: ]- затраты денежных средств для оплаты труда обслуживающего персонала, тг/га; 
[image: ]- затраты денежных средств для оплаты дизельного топлива тг/га; 
[image: ]- затраты денежных средств на техническое обслуживание и ремонт, тг/га; 
[image: ]- отчисления на амортизацию, тг/га; 
[image: ]- затраты денежных средств на вспомогательные необходимые технологические материалы, тг/га. 
Денежные затраты для оплаты труда обслуживающего персонала [image: ]вычислялись  по следующей формуле 
[image: ],                                                            (Л.3) 

где [image: ]- обслуживающий персонал [image: ]-й квалификации, чел.; 
[image: ]- оплата труда обслуживающего персонала за час  [image: ]-й квалификации,  тг/чел.-ч; 
[image: ]- коэффициент, с учетом уровня социальных отчислений от полной зарплаты, (0,35 в РК); 
[image: ]- общее количество обслуживающего персонала, чел. 
Затраты денежных средств на оплату горюче смазочных материалов определялись по формуле 
[image: ],                                                         (Л.4) 

где [image: ]- удельный расход дизельного топлива, кг/га; 
[image: ]- цена за дизельное топливо, тг/кг;
[image: ]- коэффициент учета цен на смазочные материалы. 
Вычисление затрат денежных средств на техническое обслуживание и ремонт техники [image: ]определялись по формуле 
[image: ],                                                          (Л.5) 

где [image: ]- количество техники, входящих в МТА, шт.; 
[image: ]- цена машины для удаления мульчирующей пленки без учета НДС, тг; 
[image: ]- отчисления на техническое обслуживание и ремонт от цены машины для удаления мульчирующей пленки на 100 ч ее работы, % (7,37 в РК) [118]; 
[image: ]- производительность машины для удаления мульчирующей пленки за 1 ч эксплуатационного времени, га. 

Производительность машины для удаления мульчирующей пленки за 1 ч эксплуатационного времени [image: ]вычислялись по формуле 

[image: ],                                                    (Л.6) 
где [image: ]- производительность машины для удаления мульчирующей пленки за период контрольных смен за 1 ч основного времени, га.;
[image: ]- коэффициент использования сменного времени машины для удаления мульчирующей пленки за период контролирующих смен; 
[image: ]- коэффициент готовности по оперативному времени машины для удаления мульчирующей пленки. 
Отчисления на амортизацию [image: ]вычислялись по формуле 

[image: ],                                                                  (Л.7) 

где [image: ]- значение амортизационного ресурса для комбинированных агрегатов равно - 1260, ч. 
Расходы денежных средств на необходимые технологические материалы  [image: ]определялись по формуле 

[image: ],                                                          (Л.8) 

где [image: ]- удельный расход вспомогательного технологического материала, кг/га; 
[image: ]- цена за одну единицу вспомогательного технологического материала, тг/кг; 
[image: ]- число наименовании вспомогательных материалов, шт. 
Сумма денежных средств на совокупные затраты выполнения работ на гектар  [image: ], тг/га, вычислялись по формуле 

[image: ],                                (Л.9) 

где [image: ]- расходы денежных средств от потери сельскохозяйственных продукции, тг/га; 
[image: ]- расходы денежных средств при повреждении сельскохозяйственных продукции, тг/га; 
[image: ]- расходы денежных средств от неправильного применения рассады, тг/га; 
[image: ]- расходы денежных средств на охрану окружающей среды, тг/га. 
Расходы денежных средств от потери сельскохозяйственных продуктов[image: ], вычислялись по формуле 

[image: ],                                                      (Л.10) 

где [image: ]- урожайность выращиваемой культуры, т/га; 
[image: ]- потери выращиваемой культуры при применении МТА, %;
[image: ]-  цена полноценной сельскохозяйственной продукции на рынке, тг/т. 
Расходы денежных средств при повреждении выращиваемой культуры [image: ]вычислялись по формуле 

[image: ],                                         (Л.11) 

где [image: ]- повреждение и дробление выращиваемой культуры, %; 
[image: ]- цена поврежденной и дробленой выращиваемой культуры на рынке, тг/т. 
Расходы денежных средств от неправильного применения посадочных рассад вычислялись по формуле 

[image: ],                                           (Л.12) 

где [image: ]- норма посадки рассад по факту, шт/га; 
[image: ]- количество рассады с продуктивным всходом, шт/га; 
[image: ]- цена рассады тг/шт. 
Количество рассады с продуктивным всходам, можно было вычислить по формуле 

[image: ],                                                         (Л.13) 

где [image: ]- относительная полевая всхожесть рассад, % (определялись по результатам лабораторно-полевых испытаний рассадопосадочной машины). 
Затраты денежных средств на охрану окружающей среды на 1 гектар, вычислялись по формуле 

[image: ],                                                            (Л.14) 

где [image: ]- норма отчислений на охрану окружающей среды за выброс двигателями внутреннего сгорания в атмосферу грязных веществ, тг/кг. 

Л.3 Определение показателей ресурсосбережения
Совокупные затраты денежных средств при годовом фактическом объеме работы одного МТА, выполняющего на поле вид работы за сезон, [image: ], тг, вычислялись по формуле 

[image: ],                                                     (Л.15) 

где [image: ]- годовой фактический объем работ МТА, га. 
Годовой фактический объем работы в составе МТА, выполненный в сезон при одном МТА, с учетом агротехнических сроков в Республике Казахстан, вычислялись по формуле 

[image: ],                                                      (Л.16) 

где [image: ]- агротехнический срок посадки всей рассады, дней; 
[image: ]- максимальное время работы МТА в сутки на поле, ч. 
При выполнении годового условного объема посадки рассады, совокупные затраты денежных средств [image: ], тг, вычислялись по формуле 

[image: ],                                                    (Л.17) 

где [image: ]- годовой условный объем посадки рассады (1000 гектар), га [117]. 
Необходимая потребность техники для выполнения годового условного объема работы [image: ], шт., вычислялись по формуле
 
[image: ].                                                                (Л.18) 

Годовую потребность в механизаторах и вспомогательных рабочих при годовом условном объеме выполнения работ[image: ], чел., вычислялись по формуле 

[image: ],                                                     (Л.19) 

где [image: ]- количество смен работы обслуживающего персонала за сутки, шт. 




Годовая потребность в дизельного топливе на годовой условный объем работы [image: ], кг, вычислялись по формуле 

[image: ].                                                                (Л.20) 

Капитальные вложения  при выполнении работы  [image: ], тенге, вычислялись по формуле 

[image: ],                                       (Л.21) 

где [image: ]- цена энергетического средства, тенге; 
[image: ]- цена машины для удаления мульчирующей пленки, тенге; 
[image: ]-  количество сельскохозяйственных машин в МТА, шт. 

А4 Определение показателей сравнительной экономической эффективности
Годовая экономия совокупных затрат денежных средств при выполнении годового фактического объем работы МТА, при удалении мульчирующей пленки, [image: ], тенге, вычислялись по формуле 

[image: ],                                         (Л.22) 

где [image: ], [image: ]- совокупные затраты денежных средств при выполнении годового фактического объема работы МТА при выполнении работы, для аналога и новой технике, тенге. 
Годовая экономия совокупных денежных затрат при выполнении  годового условного объема  работы [image: ], тенге, вычислялась по формуле
 
[image: ],                                            (Л.23) 

где [image: ], [image: ]- совокупные денежные затраты при выполнении годового условного объема работ для  аналога машины  и предлагаемой новой техники, тенге. 
Снижение себестоимости выполнения работы[image: ], %, определяли по формуле 

[image: ].                                         (Л.24) 

Срок окупаемости капитальных вложении техники входящих в МТА при выполнения годового условного объема работы [image: ], лет, определялись по формуле 

[image: ],                                (Л.25) 


где [image: ]- производительность новой машины для удаления мульчирующей пленки при выполнении работы сменного времени, га/ч; 
[image: ]- цена нового энергетического средства, тенге; 
[image: ]- цена новой машины для удаления мульчирующей пленки, тенге; 
[image: ]- амортизационный ресурс нового энергетического средства, ч; 
[image: ]- амортизационный ресурс новой машины для удаления мульчирующей пленки, ч. 
Снижение количества в механизаторах и вспомогательных рабочих при выполнении годового условного объема работы [image: ], %, вычислялись по формуле 

[image: ],                                                        (Л.26) 

где [image: ], [image: ]- годовая необходимость в механизаторах и вспомогательных рабочих при выполнении годового условного объема работы для предлагаемой новой технике и аналоговой технике соответственно, чел. 
Снижение потребности в дизельном топливе при выполнении годового условного объема работы [image: ], %, вычислялись по формуле 

[image: ],                                                     (Л.27)

где [image: ], [image: ]- годовая потребность в дизельном топливе на годовой условный объем работы для предлагаемой новой и аналоговой технике соответственно, кг.   
ГОСТ 34393-2018.  В таблицах Л.2 – Л.4 приведены результаты расчета сравнительных показателей экономической эффективности при выполнении операции укладки мульчирующей пленки   предлагаемой новой техникой в сравнении с применяемым аналогом. 

Таблица Л.2 - Показатели экономической оценки на 1 гектар  
	Наименование показателя
	Значение показателя по

	
	новой 
	аналогу

	Вид механизированной работы 
	удаление мульчирующей пленки
	удаление мульчирующей пленки

	Марка техники (состав МТА) 
	МТЗ-80
Эксп. образец
	МТЗ-80 
Rocca PMR-01

	Производительность МТА при сменном времени, га/ч 
	
до 1,2
	
до 1,2

	Удельный расход дизельного топлива кг/га. 
	15
	15

	Совокупные затраты денежных средств всего, тенге/гектар, в том числе: 
- оплата труда 
- покупка дизельного топлива 
- техническое обслуживание 
- амортизационные отчисления 
- затраты на вспомогательные материалы
- потери основной продукции томата 
- повреждения продукции томата
- нерациональное использование посадочного материала (рассада) 
- охрана окружающей среды 
	

1 750
11 001
755,93
1124,34
0
1 308 336
430 214,4

18 000
19,50
	

3 500
11 001
4 579,40
6 811,18
0
1 308 336
430 214,4

18 000
19,50

	Совокупные затраты денежных средств на 1 гектар, тенге 
	
1 771 201,17
	
1 782 461,48



Таблица Л.3 - Показатели ресурсосбережения
	Наименование показателей
	Значение показателя для

	
	новая
	аналог

	Совокупные затраты денежных средств на годовой фактический объем работы новой техники, тенге
	104 146 628
	104 808 734

	Годовой фактический объем вида работы, га
	58,8
	58,8

	Годовой условный объем работы, га
	1000
	1000

	Совокупные затраты на годовой условный объем работы, тенге
	1 771 201 171
	1 782 461 476

	Потребность в капиталовложениях на годовой условный объем работы, тенге
	53 500 000
	96 492 500

	Потребность в обслуживающем персонале на годовой условный объем работы, человек 
	7
	14

	Потребность в дизельном топливе на годовой условный объем работы, кг 
	15 000
	15 000



Таблица Л.4 - Основные показатели сравнительной экономической эффективности на условный объем работы 
	Наименование показателей
	Показатели новой техники 

	Годовая экономия совокупных затрат денежных средств, тенге
	11 260 304,96

	Снижение себестоимости выполнения работы, % 
	0,63

	Срок окупаемости капитальных вложений, лет 
	1,24

	Снижение потребности в механизаторах и вспомогательных рабочих, % 
	50

	Снижение потребности в дизельном топливе , % 
	0



Таблица Л.5 – Данные сравнительных испытаний в программе Excel[image: ]
Продолжение таблица М.5 
[image: ]




Продолжение таблица М.5 
[image: ]
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N, кВт



150	150	150	150	152	152	152	152	152	152	150	150	150	152	152	154	155	156	156	156	156	156	155	157	159	160	160	154	154	158	156	154	150	156	155	150	150	150	150	150	155	156	156	150	150	1.8388611111111108	1.8388611111111108	1.8388611111111108	1.8579166666666662	1.8579166666666662	1.8579166666666662	1.8388611111111108	1.8388611111111108	1.8388611111111108	1.8579166666666662	1.8579166666666662	1.8579166666666662	1.8579166666666662	1.8674444444444438	1.8483888888888906	1.8579166666666662	1.876972222222222	1.876972222222222	1.876972222222222	1.876972222222222	1.876972222222222	1.876972222222222	1.876972222222222	1.876972222222222	1.8864999999999994	1.8864999999999994	1.876972222222222	1.8674444444444438	1.8579166666666662	1.876972222222222	1.8579166666666662	1.8674444444444438	1.8388611111111108	1.8674444444444438	1.8579166666666662	1.8388611111111108	1.8388611111111108	1.8388611111111108	1.8388611111111108	1.8483888888888906	1.8674444444444438	1.8579166666666662	1.8674444444444438	1.8579166666666662	1.8579166666666662	n, об/мин

N, кВт



150	150	150	150	152	152	152	152	152	152	150	150	150	152	152	154	155	156	156	156	156	156	155	157	159	160	160	154	154	158	156	154	150	156	155	150	150	150	150	150	155	156	156	150	150	1.9300000000000022	1.9300000000000022	1.9300000000000022	1.9500000000000022	1.9500000000000022	1.9500000000000022	1.9300000000000022	1.9300000000000022	1.9300000000000022	1.9500000000000022	1.9500000000000022	1.9500000000000022	1.9500000000000022	1.9600000000000022	1.9400000000000022	1.9500000000000022	1.9700000000000022	1.9700000000000022	1.9700000000000022	1.9700000000000022	1.9700000000000022	1.9700000000000022	1.9700000000000022	1.9700000000000022	1.9800000000000024	1.9800000000000024	1.9700000000000022	1.9600000000000022	1.9500000000000022	1.9700000000000022	1.9500000000000022	1.9600000000000022	1.9300000000000022	1.9600000000000022	1.9500000000000022	1.9300000000000022	1.9300000000000022	1.9300000000000022	1.9300000000000022	1.9400000000000022	1.9600000000000022	1.9500000000000022	1.9600000000000022	1.9500000000000022	1.9500000000000022	n, об/мин

ΔP, МПа



1.79	1.78	1.8	1.85	1.82	1.83	1.85	1.79	1.78	1.82	1.85	1.85	1.85	1.83	1.84	1.85	1.84	1.85	1.82	1.82	1.79	1.82	1.85	1.8800000000000001	1.85	1.85	1.82	1.82	1.8	1.82	1.8	1.79	1.8	1.82	1.8	1.79	1.82	1.8	1.8	1.83	1.8800000000000001	1.82	1.83	1.82	1.85	1.7054722222222218	1.6959444444444438	1.714999999999997	1.7626388888888886	1.7340555555555561	1.743583333333333	1.7626388888888886	1.7054722222222218	1.6959444444444438	1.7340555555555561	1.7626388888888886	1.7626388888888886	1.7626388888888886	1.743583333333333	1.7531111111111108	1.7626388888888886	1.7531111111111108	1.7626388888888886	1.7340555555555561	1.7340555555555561	1.7054722222222218	1.7340555555555561	1.7626388888888886	1.7912222222222218	1.7626388888888886	1.7626388888888886	1.7340555555555561	1.7340555555555561	1.714999999999997	1.7340555555555561	1.714999999999997	1.7054722222222218	1.714999999999997	1.7340555555555561	1.714999999999997	1.7054722222222218	1.7340555555555561	1.714999999999997	1.714999999999997	1.743583333333333	1.7912222222222218	1.7340555555555561	1.743583333333333	1.7340555555555561	1.7626388888888886	ΔP, МПа

N, кВт



150	150	150	151	149	149	149	149	149	149	150	150	150	152	152	154	155	156	156	156	156	156	155	157	159	160	160	154	154	158	156	154	150	156	155	150	148	148	149	150	155	156	156	150	150	1.7054722222222218	1.6959444444444438	1.714999999999997	1.7626388888888886	1.7340555555555561	1.743583333333333	1.7626388888888886	1.7054722222222218	1.6959444444444438	1.7340555555555561	1.7626388888888886	1.7626388888888886	1.7626388888888886	1.743583333333333	1.7531111111111108	1.7626388888888886	1.7531111111111108	1.7626388888888886	1.7340555555555561	1.7340555555555561	1.7054722222222218	1.7340555555555561	1.7626388888888886	1.7912222222222218	1.7626388888888886	1.7626388888888886	1.7340555555555561	1.7340555555555561	1.714999999999997	1.7340555555555561	1.714999999999997	1.7054722222222218	1.714999999999997	1.7340555555555561	1.714999999999997	1.7054722222222218	1.7340555555555561	1.714999999999997	1.714999999999997	1.743583333333333	1.7912222222222218	1.7340555555555561	1.743583333333333	1.7340555555555561	1.7626388888888886	n, об/мин

N, кВт



150	150	150	151	149	149	149	149	149	149	150	150	150	152	152	154	155	156	156	156	156	156	155	157	159	160	160	154	154	158	156	154	150	156	155	150	148	148	149	150	155	156	156	150	150	1.79	1.78	1.8	1.85	1.82	1.83	1.85	1.79	1.78	1.82	1.85	1.85	1.85	1.83	1.84	1.85	1.84	1.85	1.82	1.82	1.79	1.82	1.85	1.8800000000000001	1.85	1.85	1.82	1.82	1.8	1.82	1.8	1.79	1.8	1.82	1.8	1.79	1.82	1.8	1.8	1.83	1.8800000000000001	1.82	1.83	1.82	1.85	n, об/мин

ΔP, МПа



1.6600000000000001	1.6500000000000001	1.6700000000000021	1.7	1.7	1.71	1.7	1.6800000000000022	1.6600000000000001	1.6500000000000001	1.71	1.6900000000000022	1.71	1.7	1.7	1.71	1.7	1.72	1.7	1.6900000000000022	1.6900000000000022	1.72	1.7	1.71	1.6700000000000021	1.7	1.6800000000000022	1.6800000000000022	1.6800000000000022	1.6700000000000021	1.6800000000000022	1.6600000000000001	1.6600000000000001	1.7	1.6700000000000021	1.6600000000000001	1.6900000000000022	1.7	1.7	1.7	1.72	1.7	1.71	1.6800000000000022	1.72	1.5816111111111109	1.5720833333333353	1.5911388888888887	1.6197222222222218	1.6197222222222218	1.6292499999999996	1.6197222222222218	1.6006666666666665	1.5816111111111109	1.5720833333333353	1.6292499999999996	1.6101944444444438	1.6292499999999996	1.6197222222222218	1.6197222222222218	1.6292499999999996	1.6197222222222218	1.6387777777777781	1.6197222222222218	1.6101944444444438	1.6101944444444438	1.6387777777777781	1.6197222222222218	1.6292499999999996	1.5911388888888887	1.6197222222222218	1.6006666666666665	1.6006666666666665	1.6006666666666665	1.5911388888888887	1.6006666666666665	1.5816111111111109	1.5816111111111109	1.6197222222222218	1.5911388888888887	1.5816111111111109	1.6101944444444438	1.6197222222222218	1.6197222222222218	1.6197222222222218	1.6387777777777781	1.6197222222222218	1.6292499999999996	1.6006666666666665	1.6387777777777781	ΔP, МПа

N, кВт



152	152	151	152	153	151	150	153	149	149	152	152	152	153	154	155	155	158	156	156	158	160	157	155	154	160	158	155	157	159	156	155	154	158	156	151	149	150	155	153	157	157	158	155	155	1.5816111111111109	1.5720833333333353	1.5911388888888887	1.6197222222222218	1.6197222222222218	1.6292499999999996	1.6197222222222218	1.6006666666666665	1.5816111111111109	1.5720833333333353	1.6292499999999996	1.6101944444444438	1.6292499999999996	1.6197222222222218	1.6197222222222218	1.6292499999999996	1.6197222222222218	1.6387777777777781	1.6197222222222218	1.6101944444444438	1.6101944444444438	1.6387777777777781	1.6197222222222218	1.6292499999999996	1.5911388888888887	1.6197222222222218	1.6006666666666665	1.6006666666666665	1.6006666666666665	1.5911388888888887	1.6006666666666665	1.5816111111111109	1.5816111111111109	1.6197222222222218	1.5911388888888887	1.5816111111111109	1.6101944444444438	1.6197222222222218	1.6197222222222218	1.6197222222222218	1.6387777777777781	1.6197222222222218	1.6292499999999996	1.6006666666666665	1.6387777777777781	n, об/мин

N, кВт



152	152	151	152	153	151	150	153	149	149	152	152	152	153	154	155	155	158	156	156	158	160	157	155	154	160	158	155	157	159	156	155	154	158	156	151	149	150	155	153	157	157	158	155	155	1.6600000000000001	1.6500000000000001	1.6700000000000021	1.7	1.7	1.71	1.7	1.6800000000000022	1.6600000000000001	1.6500000000000001	1.71	1.6900000000000022	1.71	1.7	1.7	1.71	1.7	1.72	1.7	1.6900000000000022	1.6900000000000022	1.72	1.7	1.71	1.6700000000000021	1.7	1.6800000000000022	1.6800000000000022	1.6800000000000022	1.6700000000000021	1.6800000000000022	1.6600000000000001	1.6600000000000001	1.7	1.6700000000000021	1.6600000000000001	1.6900000000000022	1.7	1.7	1.7	1.72	1.7	1.71	1.6800000000000022	1.72	n, об/мин

ΔP, МПа



1.59	1.59	1.58	1.6	1.6	1.6	1.6	1.59	1.58	1.58	1.6	1.6	1.6	1.6	1.61	1.62	1.61	1.6	1.6	1.59	1.61	1.61	1.61	1.59	1.59	1.61	1.6	1.6	1.59	1.62	1.58	1.58	1.59	1.59	1.59	1.59	1.57	1.59	1.6	1.61	1.62	1.6	1.6	1.6	1.61	1.5149166666666665	1.5149166666666665	1.5053888888888887	1.5244444444444438	1.5244444444444438	1.5244444444444438	1.5244444444444438	1.5149166666666665	1.5053888888888887	1.5053888888888887	1.5244444444444438	1.5244444444444438	1.5244444444444438	1.5244444444444438	1.5339722222222218	1.5434999999999972	1.5339722222222218	1.5244444444444438	1.5244444444444438	1.5149166666666665	1.5339722222222218	1.5339722222222218	1.5339722222222218	1.5149166666666665	1.5149166666666665	1.5339722222222218	1.5244444444444438	1.5244444444444438	1.5149166666666665	1.5434999999999972	1.5053888888888887	1.5053888888888887	1.5149166666666665	1.5149166666666665	1.5149166666666665	1.5149166666666665	1.4958611111111098	1.5149166666666665	1.5244444444444438	1.5339722222222218	1.5434999999999972	1.5244444444444438	1.5244444444444438	1.5244444444444438	1.5339722222222218	ΔP, МПа

N, кВт



152	152	151	152	153	151	150	153	149	149	152	152	152	153	154	155	155	158	156	156	158	160	157	155	154	160	158	155	157	159	156	155	154	158	156	151	149	150	155	153	157	157	158	153	155	1.5149166666666665	1.5149166666666665	1.5053888888888887	1.5244444444444438	1.5244444444444438	1.5244444444444438	1.5244444444444438	1.5149166666666665	1.5053888888888887	1.5053888888888887	1.5244444444444438	1.5244444444444438	1.5244444444444438	1.5244444444444438	1.5339722222222218	1.5434999999999972	1.5339722222222218	1.5244444444444438	1.5244444444444438	1.5149166666666665	1.5339722222222218	1.5339722222222218	1.5339722222222218	1.5149166666666665	1.5149166666666665	1.5339722222222218	1.5244444444444438	1.5244444444444438	1.5149166666666665	1.5434999999999972	1.5053888888888887	1.5053888888888887	1.5149166666666665	1.5149166666666665	1.5149166666666665	1.5149166666666665	1.4958611111111098	1.5149166666666665	1.5244444444444438	1.5339722222222218	1.5434999999999972	1.5244444444444438	1.5244444444444438	1.5244444444444438	1.5339722222222218	n, об/мин

N, кВт



152	152	151	152	153	151	150	153	149	149	152	152	152	153	154	155	155	158	156	156	158	160	157	155	154	160	158	155	157	159	156	155	154	158	156	151	149	150	155	153	157	157	158	153	155	1.59	1.59	1.58	1.6	1.6	1.6	1.6	1.59	1.58	1.58	1.6	1.6	1.6	1.6	1.61	1.62	1.61	1.6	1.6	1.59	1.61	1.61	1.61	1.59	1.59	1.61	1.6	1.6	1.59	1.62	1.58	1.58	1.59	1.59	1.59	1.59	1.57	1.59	1.6	1.61	1.62	1.6	1.6	1.6	1.61	n, об/мин

ΔP, МПа



0.52	0.96000000000000063	1.58	1.8	1.86	1.74	1.61	1.52	Vср, м/с

Nср, кВт
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MUHUCTEPCTBO CEJIbCKOT'O XO3SMCTBA PECITYBJIMKU KA3BAXCTAH

Hekommepyeckoe akIIHOHEPHOE 00IIeCcTBO
«Kazaxckuil HalMOHAJILHBIN arpapHbli yHHBEPCHTET»

ot 28 centsOps 2020 rosa

IMPOTOKOJT
[POM3BO/CTBEHHO-IONIEBBIX HCIIBITAHME arperara Juis yAaleH!s My Ibuipyomeit
IUICHKH ¥ THOKHX [OMMBHBIX JIEHT KAIleJIbHOI0 OPOIIEHHS C TIOBEPXHOCTH IOJIs B
10cIeyGOPOYHBIIT ITepHOJ

Aunmarsr 2020 1.
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Beenenne

[lpy NpOM3BOACTBE OBOIIHBIX KYJIBTYP HEOOXOAMMbI MOJArOTOBUTENbHBIC
Omepaliy MOArOTOBKH IOYBBI K Clemylollel mocamke, dQ(eKTHBHOCT KOTOPBIX
3aBHCIT OT MHOTUX q]aKTOpOB, cpead  KOTOPBIX ocoboe 3HAUYEHHWE HMEEeT
COBEpUICHCTBOBAHHE  OpyAWH TpyJa ¥  TeXHONOTMHM  Tpou3Boactsa. B
nocneyGopouHbli Ieprol c6opa ypoXas HCIOIb30BAHHAS B KayecTBe MyJbYH
MOJMATHICHOBAs IUIEHKA OCTAETCs IT0J] JHCTBON M 0aTBOH pacTeHWi, YT0 B CBOIO
ouepe/ib 3aTPyIHACT yAAICHHE TIOIHITUIICHOBOH TLIEHKH C MO,

B COOTBETCTBMM C IUIAHOM peanusaluu Tembl «TeXHONOTHS W CpelcTBa
yJaneHus: MyJbUUpyIOLIell IVIeHKH ¥ THOKHX TIONUBHBIX JIEHT KAIENbHOr0 OPOLICHISL
¢ monda B mocie yOOpodHBIH  mepHoa», pa3paboTaH M M3TOTOBJIEH
SKCIIEPHMEHTATBHBI 00pasel] MAIIMHGI JUls YAaTeHHs MyTbUHpyOIlell IIeHKH 1
IHOKUX HOMMBHBIX JIEHT KareIbHOTO OPOLIEHHs C OIS B 1OCIeyOOPOIHBIH MepHos.
CornacHo TIaHy, pa3paboTaHbl: TEXHAYECKOS 3aJaHHE M  KOHCTPYKTOPCKasl
JIOKYMEHTALMsl 7Sl M3TOTOBNEHHs MaKeTHOro oOpasiia MAIUMHBEI Ul YHaleHHs
MyJIbUMPYIOIIeH IICHKH H KAIeIbHBIX JIEHT C T0Jis B 10CIeyO0pOUHBIi NepHox.

V3roToBiieH  9KCHEPUMEHTANBHBIA  00pasell MAallMHBL VISl TTPOBEACHHS
HPOHM3BO/ICTBEHHO-TIONEBOr0  HenbITanus. Pabota Bemonnsnack B Kasaxckom
HAIMOHATEHOM arpapHOM yHHBepcHTeTe Ha Kadenpe « MalliHOUCTIONb30BAHIE» UM.
M.B. Caxaposa.

[IpOM3BOJICTBEHHO-TIONCBBIC HCIIBITAHMA arperara NPOBOJMIHCH B YCIOBHSX
opomaemoro 3emnenenus FOro-socroka Kasaxcrana 8 VI «ZAGROUP» Kunbibaes
Anmac Jlayner6exosuy EHOEKIINKa3aXCKOro paioHa ATMAaTHHCKOH 06nacTy.

Lens NpOBeJIeHHs. [POM3BO/ICTBEHHO-I0JIEBOTO UCTIBITAHHS
SKCTIEpUMEHTAIBHOTO 00paslia CO31aBaeMOl MalllMHbl 3aKIK0YaeTCss B OLCHKE
MapamMeTpoB, XapakTEPH3YIOIIMX KOHCTPYKLMIO —MalllMHbl M TIPOBEPKE ero
PaboToCIIOCOGHOCTH B IHOJIEBBIX YCIOBUSX.

1. Onucanne KOHCTPYKIHH MAUIHHbBI
1.1 HasnayeHue M KPaTKOe TEXHUUYECKOE ONUCAHHE MAIIUHEI

3aBoickoii Ton Jlara Tlepuon MecTo uenbITaHuii
HOMEp M3TOTOBJICHHS HOCTYIICHHS HCIBITAHHIH
1 2 3 4 5
o/ 2020 5.09.2020 21.09.2020- WIT «ZAGROUP»,
28.09.2020 1. Anmansl,
EnGexmpkasaxckuit
paifon,
AnvaTaHCKas
obnacth

TToneBele MCIBITAHAS Pa3pabOTaHHOrO YCTPOWCTBA MPOBOMMIMCH UL
y/laNienusT TIONMMEPHBIX OCTATKOB C IIOBEPXHOCTH MONA Tocie yOOpKH ypoxas
(romata) B WIT «ZAGROUP» KumsiGacs Ammac JlaynerGexosuu (Ha
IPOM3BOJCTBEHHOM ydacTke) B mocenke AjmMansl EHOeKIIMKa3axckoro paiioxa
ATMaTHHCKOM o6nacTy.
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Bo BpeMmst HCTIBITAHUI PYKOBO/ICTBOBAIUCH CIIEAYIOLMME JOKYMEHTAMMU:
- yenoBus ucnsiTanuii, cormacao I'OCT 20915-75; TOCT 28306-89;
- 9KCIUTyaTallHOHHO-TexHonorn4eckas ouenka mo I'OCT 24055-88; TOCT
27994-88 (MICO 6880-83);
- omeHKa 0E30IaCHOCTH M 3ProHOMUYHOCTH arperata cormacHo I'OCT
12.2.002-91 uTOCT 12.2.111-85;
-oleHKa QYHKIMOHAIBHBIX MokaszaTeneit mo OCT 10 5.3-2000, OCT 10 16.3-
2002, CTO AUCT 5.3.-2005
Marmmmna 11 yOOpPKH MyJIBYMPYIOLIeH IUICHKH M THOKUX KaleJlbHBIX JIHT
TpeIHa3HAYeH U CMAThIBAHUA C TIOBEPXHOCTH IIOUBBI MYJILUYHPYIOIIYIO IUICHKY H
ruOKyl0 KamenbHyl0 JIEHTYy B I10CIeyOOpO4HBIH IeprHoj, —obeceyrBaromas
TOATOTOBKY IOJIA K 06paboTke.
MammHa U1 yHaJdeHHs MyJIbUHPYIOIeH IUIGHKM C IIOBEPXHOCTH OIS
(pucyHKH — 1 ¥ 2 ) COCTOHT U3 paMbl, Ha KOTOPYIO KPeTIATCs:
- TPaHCIIOpTEP;
- MEXAHU3M KOILEeHHUS;
- BBIKATIBIBAIOLIHE JIAIIBI;
- YCTPOMCTBO JUIsl HAMOTKH TLICHKH;
- YCTPOMCTBO JUIsl HAMOTKH JIEHTBI;
- CLIeIIKa [UIsl HABEINBAHMUsI OPY/Hs Ha TPAKTOP.

TexHuYecKasi XapaKTePHCTHKA MALIHHbI AJIsl YAAJIeHHSI
MyJIbYHPYIOLIel MJIeHKH MOBEPXHOCTH € MOJIst
Illupuna 3axsara, M - 1,5
Bricora cpesa 6oTBbI, cM — 8...10
Macca, kr - 550
CKOpOCTB:
- pabouasi, km/4ac — 3,6...6,48
- TpaHCIopTHAas, KM/4ac — 10 20
PaGoune opransl
BeIkanbIBaroLye J1arbl
- KOJIMYECTBO, [T, — 2
- PaCIIONIOKEHHE - OMHOPSAIHOE.
Mexanusm kotenus - pexyimi anmapar KC-2 (cepuiinble)
- KOJIMYECTBO, IIT. -1
- PACIIONIOMKEHHUE - OJHOPSIIHOE,
Tpancnoprep
- THII TPAHCTIOPTEPa — JICHTOYHBIHA
- KOJIMYECTBO, mMT. — |
-mupyHa, MM - 1500.
YerpoiicTBo A/1si HAMOTKH IJICHKH
- KOJINYECTBO, IT. — 1
YeTpoiieTBo 1Sl HAMOTKH JIEHThI
- KOJIMYECTBO, T, — 1
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Pucynox 2 — ITonoxeHre paGOThI MAIIMHBI IIPH YOOpKe
MyJIBYHPYIOIIeH INIEHKH i THOKO# KaIleIbHOI IeHTHI
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1.2 Onucanue TeXHOIOIHYECKOTO TIPoLecca

Mamuna paGoTaeT 3aroHHBIM CII0CO00M. YCTpoiicTBO B pabodeM IIONOKEHHH
OIMpaeTCs Ha JBa ONOpHbIE Kojeca M HAaBECHOE YCTPOMCTBO Tpakropa. B Hauane
pabodero xona pabodre opraHel arperaTa yCTaHaBIMBAIOTCS B 3aJJaHHOE MOJI0XKEHHE.
I'unpasinyeckast CHCTeMa TPAaKTOpa INEPEBOAMTCA B IUIABAIOLIee MOJIOKEHHE H
paboume opraHsl opyaust camo 3armyGusiorcs. Ilpu nepememenun ycTpolcTsa
BBICTyHaromiast 4acTb crebnu pac‘reﬂnﬁ Haa Myﬂb‘{ef/‘l CKalIBarOTCsI C IMOMOIIBIO
MeXaHH3Ma KOLICHHUSI, IIPUBOIUMOE B ABIDKeHHe 0T BOM TpakTopa 4yepes peayKTop.
Kpass Mynpuupyromieif TUIeHKM IIOClIe CKAIIMBaHWUS —PACTUTENIBHOM  Macchl
M3BIIEKAIOTCS. M3 MOYBBI BBIKANbIBAIOMUMY narmamMi. CKOILIGHHas Macca, BMECTe ¢
MyJbUHPYIOIICH IUICHKOH, mepeMerlasch 10 HAKIOHHOMY  TPaHCIOPTEpY,
cOpachiBaeTcsl Ha MOBEPXHOCTb IOJA. YZaleHHas MyJbuMpyOIas IUIEHKa Iocie
HaKJIOHHOTO TPaHCIOpTepa HaMaThiBaeTcsi Ha GapabaH HAMOTYHKA IUICHKH, a JICHTA
KareJjapHOrO OpOIUEeHHS, HPOWIS uepe3 MeXaHu3M pPacKiIaJKH, HaMaThIBaeTcs Ha
HaMOTYHKE JICHTB], IPUBOAUMBIE IIPH OMOIIH peMHel 0T ruipomoTtopa. Haxmonmsii
TPAHCTIOPTEP Tax JKe IPUBOIMTCS C IIOMOIIBIO THAPOIPHBOJA, Kak GapabaH HAMOTKU
MYJIBYH.

2. Yc10BHS HCNILITAHHH

Wcnbiranust  npoBoguimick B MIT  «ZAGROUP»  KunbibaeB  AnmMac
JlaynerGexkoBud  (Ha  NPOM3BOJACTBEHHOM — y4YacTKe) B  IOCEIKe  AJMaJIb
EnGeKxinka3axckoro paiioHa AJIMaTHHCKOH 06JacTd B YCIOBUSX OpOIIAEMOro
3eMJIe[IeNis Ha CBETJIO-KAIUTAHOBOW II0YBE CpEJHE YINIMCTOr0 MEXaHHYECKOIo
COCTaBa).

IpeniuecTBytomas TEXHOJOTHYECKAs ONEpalya: MyJIbYHPOBAHHE IOYBBI
TONMITUIIEHOBOH TIEHKOH, T10Ca/IKa paccasibl OBOIUIHBIX KYJIBTYP.

CocTaB MallMHBL Ul yIQIEHHUS] MyJIbUUPYIOIied IUIEHKM M THOKHX JIeHT
npezcTasneH B Tabuuue 2.1.

Tabmuua 2.1 — MakeTHbI 06pa3el; MaIlMHbI 1S YAaNEHHA MYIbUYMPYIOIIeH IIIeHKH
¥ THOKHX KarelbHBIX JIEHT

HanmeHoBaHHe onepanuu Hcnonb3yemblii arperat

Vnanenue MyIbuMpPYIOIIEH MIIEHKH U ArperaT Mj1eHKOHaMaThIBaIOIHH
THOKHX KaIeTbHBIX JICHT B
nocney6opodHEIi nepron

VenoBus ucnbITanuil IpuBeieHs! B Tabnure 2.2.




image102.jpeg
Tabuua 2.2 — YcIIoBuUsl HCIBITaHHE

Toxazatenu 3Havenus
1 2
TommmpHa MyJIBYUPYIOIEH IIICHKH, MKM © | 100
JUTnHHA 3ar0HA, M 200
Tun 1o4BbI U MEXaHMYECKHH COCTaB Caerno-kauranosast. CpenHuit
CYTITHHOK
Cpennsisi BLICOTa HEPOBHOCTEM, CM 10

3. PesyabTaThl HCNBITAHMI

3.1 TIlpoBepka COOTBETCTBHA COCTaBa M  KOMIUIGKTHOCTH  MAllMHBI,
TeXHHYEeCKass JOKyMEHTAIHs

OKCrepUMeHTAIbHBIA  00pa3el] MaIIMHBl I yHAJIeHHS MyJIbUHpYyOLIeH
IUIEHKU B THOKHUX JICHT IIOCTYIIHIA B COOPaHHOM BHJIE.

CoXpaHHOCTb IIPH TPAHCIIOPTHPOBKE HA HCTIBITAHMUS — XOPOILas.

KauecTBO J1aKOKPACOYHOTO IIOKPEITHS YyIOBICTBOPHTENbHOE. KpemexHbie
JleTany UMeIOT TAKOKe JIAKOKPACOUHBIE TOKPBITHUSL.

3.2 INoxka3aTenu Ha3HAYEHHUS.
Tabumua 3.1 — Pe3ysbTaThl 9KCILTyaTalHOHHO-TEXHONOTHYECKOH OLeHKH

IMokazarenan 3Havenus

1 2
PexxuM paboThI:
-CKOpOCTH IBIKeHus (pabodast), Kv/a 1o 6,5
- IIAPHHA TIEHKH, M mo 1,5
-LIMprHa 3axBaTa (pabouas), M )
DKCILTyaTalHOHHbIe [IOKAa3aTeNH:
-IIPOU3BOIMTENLHOCTD, Ta/d no 1,2
-4HCTI0 00CITY)KUBAIOIIETO TIepcoHaa, Yer 1
-K09((UIMEHT KCII0IIb30BAHUS CMEHHOTO BPEMEHH 0,88
-K03(()HUIHEHT UCIIONB30BAHUS KCILL. BpeMeH| 0,38
-HaJIeXKHOCTh TEXHOIIOTHYECKOro rporecca, %o 1,0

Tabnuua 3.2 — DHepreTHuecKHe NOKa3aTelld U METAIOEMKOCTE arperara

Tlokazarenn 3Hauenus
VensHOe TAroBoe conpotusienne, KH/m 1.}
VenbHbIe 9HeprosarpaThl, KB1*u/ra 18
V nenbHbIH PacXozl TOIVIMBA 33 4ac OCHOBHOTO 15
BPEMCHH, KI/Ta
VY [ieiibHAs METAIUIOEMKOCTb, KI/Ta 3
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Tabmnuua 3.3 — ITokasaTenn HafeKHOCTH arperara

3HaucHHe NoKasaTenei
TMoxazarenn JlaHHBIC
Ilo T3 HCIIBITAHHs
CxopocTh aBMKeHus (pabodas), kKm/dac 1o 5 1o 6,5
IIupuna 3axsara (paGoyasi), M 1,5 1.5
HapaGotka, 4ackl OCHOBHO# paboThl, 4 - 30
Ob1iee 4KMCIIO OTKA30B -
TIponomKUTENbHOCTD OTHICKAHHS K 1
YCTpaHEeHHUsI OTKA30B, 4

Ta6mma 3.4 — Onerka 6€30I1aCHOCTH U 3PrOHOMIYHOCTH arperaTa

3HaveHHe IoKazaTesnn
TloxazaTenn ITo HT[ Tlo
HCIIBITAHHIO
TexHuyeckoe 06CITyKHBaHHE ynobHO yIo6HO
TexHonornueckoe 06CiyKHBaHHE y106HO0 yo6HO
besonacHOCTh NBHKEHHUS Ge3omacHO GesomacHO
Y 106CTBO IPUIENKH U OTCOeIUHEHHE yaobHo yao6Ho
TpaHCIOPTHPOBAHKE IO JIOPOraM YI00HO ya06HO
TlepeBon arperata U3 TPaHCIIOPTHOTO MOTOXKEHHS yaobHO yao6HO
B pabouee , 1 HA060POT

HecoorBercTBuii okasareneii u mapametpos arperata Tpe6osanusm T3 u HT/[ ve
00Hapy>KeHO.

Tabunuua 3.5 — [Tokasarenn TeXHHYCCKOI0 YPOBHsI arperara

3navenue
Tlokazaremu o
rokasareneit
ArperartupoBaHKe ¢ TPAKTOPOM Klacca, 14
xH
Ipon3BoMTENBHOCTE 3a | 4, ra:
- OCHOBHOI'O BPEMEHHU 1.36
- 9KCIUTYaTallMOHHOIO BPEMEHH 1.2
Y IenpHBIH PAcX0Jl TOILINBA, KI/Ta 13
OcHOBHBIC [TOKA3aTENH KauecTBa
BEITIOJIHEHHS TEXHOJIOT HIECKOTO
mpolecca:
- OCTATOK CKOIIEHHON GOTBEI, CM 8-10
- JUTMHHA HAMOTKH 0€3 OCTAHOBKH, M 200
Macca arperara, K& 550
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3akmouenne

Ilpucnocobnenne 1 yOGopku MyIbuUpyIOel MeHKH M rHOKoi KamenbHoH
JIGHTBI COOTBETCTBYeT CBOEMYy HasHauyeHMI0. KadecTBO ynaneHHs MyJIb4HpYIOLIeH
IUIGHKH YU THOKOW KallelbHOH JIGHTHl C IOYBBI COOTBETCTBYIOT arpOTEXHHYECKHM
TpCGOBaHI/IHM, a TEXHUKO-9KOHOMUHECKHE II0Ka3aTe/Iu arperara TEXHHYECKOMY
3amanuio (T3) Ha ero cosnanwue.

TIpenmMyniecTBa HCIBITYEeMOrO arperara 3akjlo4aeTcs B MEXaHH3alluK Ipoliecca
yaaneHus MyHL'-IprEOHlCﬁ IICHKH, a TaKXe 'HOKHUX JIEHT KaneabHOrO OpOLICHUA U
TOBBIIEHUH TPOM3BOAUTEILHOCTH TPY /A,

Heo6x0IMMO CHH3HMTH CONPOTHBIEHHE TPAHCIIOPTEPHOH JEHTHI OTHOCHTEIBHO
HaKJIOHHOH 1oBepXHOCTH. TeXHMYecKas HaJeKHOCTh MPHCIIOCOONCHHS JOCTATOYHO
BBICOKAs], 32 MEPHOJ| MCIIBITAHHUH 3HAYNTEIBLHLIX OTKA30B He 0TMeueHo. IIpu orenke
6e30I1aCHOCTH ¥ OPrOHOMHYHOCTHM  NPUCTIOCOONEHHs OTMEYEeHBl  OT/eNbHbIE
HECOOTBETCTBHS TPeOOBAHUAM, YCTpaHEHHE KOTOPBIX He TpeGyeT CyIIeCTBeHHBIX
H3MEHEHHH KOHCTPYKIHH.

B nenom marmmua juist yOOPKH MYyJBUHPYIONIEH TUIEHKH W THOKON KarerbHOM
JIEHTBl Y/IOBJIETBOPSIET OCHOBHBIM TpeOoBaHMsAM T3, BIHMCHIBAETCA B NPUHATEHIE B
30HE TEXHOJOTHH YOOPKH MYIbYHpYIOIIeli MIeHKM U MOKOM KamenbHOI JeHTHI, H
HalfeT cBoe MpHMEHeHHe B X03SAHCTBaX, I10CTIe YCTPAHEHHA HeI0CTaTKOB.

Jupexropa HUM «Arpounikenepus, >
IT-rexronorus i apToMarm3arusy KasHAY —ALZ. %/ II1.K. CerabikoB
HIT «ZAGROUP» W AL, KnneiGaes

PykoBoauTess TeMbl M.K . Xazumon
HcnonHuTeny TeMsl 2l K.M. XazumoB
/ I'.A. AxmeTkaHoBa

/ A.K. Husz6aeB
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Y1Bepxaao
1.0. npopelcTopa 10 Hay4JHOH pabore u

A.IL Kypneko
2020 r.

AKT

IPOU3BOACTBEHHO-IIOIEBOI0 UCIIBITAHUS IKCIIEPUMEHTAIIBHOTO oﬁpasua MaIlIUuHBL
JUIS yIaTeHHsA MyTb9UpyIoel TeHKH U THOKHX KalleIbHBIX JICHT B
TIoc1ey6opOUHEI epHoA

«28» centabpst 2020 r. r.AnMaTs!

Komuccus B cocrase:

npejceiaTens Jupexrop HHUM «Arponmkenepus,

IT-TexHONMOrHsA U ABTOMATH3ALMDY

KasHAY IILK. CeinpikoBa
YJICHOB KOMHCCHH MHnuBHAyanbHEIN peIIPHHIMATET

«ZAGROUP» A.JL. KunbiGaea

npodeccopa Kadeapsl

«MaluHOUCTIOIB30BAHKE M.

1.B.Caxaposa KasHAY M.XK. Xazumosa
Crapmiero npemnomasaress Kadenpsr
«MaIIMHOUCIIONB30BAHAE» HM.

1.B.Caxaposa KasHAY K.M. Xazumona
Benymero cneruanucra otaena

MIaHUPOBaHHUA M KoopauHanuu HHP

KasHAY I".A. AXMeTKaHOBOH
JIoKTOpaHTa 10  CIICHHAIBHOCTH

«ArpapHas TEXHHKa M TEXHOJOTHI»

KasHAY A K. Hus36aeBa

10
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HWcnbitanus nposezens! Ha opomaemoM yuactke MIT «ZAGROUP» Kuibidaes
Ammvac ayrerGexoBuu m.Anmansl ExOekmmiikasaxckoro paifoHa AIMAaTHHCKOH
o6nacTy.

Ileas nenbiTanus

TIpoBeseHre MPOM3BOJCTBEHHO-TIONEBBIX HCIBITAHUH DKCIEPUMEHTAIBHOTO
obpasma  co3maBaeMOH — MaIUMHBI  3aK/IIOYAaeTCs B OLEHKE  IlapaMeTpoB,
XapaKkTepHU3yIOIUX KOHCTPYKIHIO MAIlWHBL U TIPOBEPKe ero paGoTOCIIOCOOHOCTH B
TIOJIEBBIX YCJIOBUAX.

Kparkoe onncanne MaIIHHBI
Maruvsa JUist yJaleHHs MyJlIbUHpPYIOmIel IUICHKH U THOKOI KanelabHOH JeHTH
COCTOUT M3 PaMbl, Ha KOTOPYIO KPEIsTCs:
- TPaHCIIOPTEP;
- MeXaHH3M KOILICHH;
- BBIKAIBIBAIOIINE JIAITBI;
- YCTpOHCTBO [/l HAMOTKH ILIEHKH;
Lo yCTpOi/‘ICTBO JJIsL HAMOTKH JICHTBI;
- CLeIIKa 1S HaBeIIMBaHMUs OPY/Hsl Ha TPAKTOp.
lllupuna 3axsata, M - 1,5. Beicota cpesa Gorsbl, cM —  8...10. Macca
MaIuuHse!, Kr— 550. PaGodas ckopocts 10 6,5 KM/,

Yea0BHA NPOBeAeHHsT NPOU3BOACTBEHHO-M10JIEBOT0 HCIBITAHHS

TIpon3BOCTBEHHO-IIOIEBEIC HCIBITAHUA —~ MallMHBl [ yaaIeHus
MyJIBYHPYIOWIEH IUIGHKH H THOKHX KaleNbHBIX JICHT NPOBOJMIMCH B IOJTEBBIX
yenoBusix Ha Teppuropun MIT «ZAGROUP» KunsibaeB Anmac JlaynerbexoBuy B
Enbekimnka3xckoM paifoHe AJMAaTHHCKOH 061acTd B YCIOBHAX OpOLIAEMOro
3eMIIe/leNlisl Ha CBETIO - KAalITaHOBOH IOYBE CPEJHEYITHCTOTO MEXaHHYECKOTo
cocrasa, Ijie BeCHOM ObUIM HpOBeieHbl PabOTHl 110 MyJNBYUPOBAHMIO ITIOYBBI H
YKJIaJKH OMMBHOM JIEHTHI KaleJIbHOro OPOILEHHMS IPHU II0CaAKEe Paccajibl.

MeToauka HCNBITAHHH

Wcnbrranus npoBoawiuck B coorserctsun ¢ I'OCT 20915-75, PJT 10.4.2-88,
24055-88; TOCT 27994-88 (MICO 6880-83); I'OCT 12.2.002-91 u I'OCT 12.2.111-
85, TOCT 20915-2011; OCT 10 2.2-2002; I'OCT 34392— 2018.

11
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TTokazarean NMPOHU3BOACTBEHHBIX HCNBITAHHI MalIHHBL AJISL y1aJICHHs1
MYJIbYHPYIOIIEH IVIEHKH H THOKHX KaneJIbHbIX JIEHT

TToxazaTenu 3HaueHHe rnokasaresei
ArperaTupoBaHHe ¢ TPaKTOpoM knacca, KH 14
IIpousBoauTenLHOCTS 32 1 4, ra:
- OCHOBHOT'O BPEMEHH 1.36
- OKCILTYaTalMOHHOIO BPEMEHHU 1.2
V IeNbHBIN pacxoI TOIIHBA, KI/Ta 15

OCHOBHBIE [TOKA3aTeNIN Ka4eCcTBa BbITOJIHEHHS
TEXHOJIOTHIECKOI'0 IIpoIecca:

- OCTATOK CKOLIEHHOU OOTBBI, CM 8-10

- JVIMHHA HAMOTKH 6€3 OCTaHOBKH, M 200

Macca arperara, Kr 550
3ak/a04eHHe

[IpOM3BOACTBCHHO-TIONEBbIE  HCIBITAHMA  MAIIMHBI IS yJalleHus
MyJNBUMpYIOIIEH  IUIHKM ¥ THOKMX  KameNbHBIX JIGHT —[OKasal  CBOIO
paGorocnocoHocTh. KadecTBO yrameHus MyJpuupylomledf IUIEHKH M THOKMX
KalleJIbHBIX JIGHT B I10CJIeyOOPOYHBIH IIEPHON COOTBETCTBYET arpOTEXHUYECKHM
HopMaM. MallinHa Juist yajieHus My IbYHPYIONIeH TIIeHKH ¥ THOKUX KalelbHbIX TeHT
Mpe/CTABIEHHbIl HA HCIBITAHAM MOXEeT OBITh DPEKOMEHIOBaH K  OMBITHO-
KOHCTPYKTOPCKO# IPopaGoTKe MM H3TOTOBJICHHUS 110 3aPOCy s MPEANPHATHH.

TIpoTokon uembitanust oT 28 ceHtsIops 2020 r. npumaraercs.

TlpencenaTens KOMHCCHU: e % " LK. ChiisikoB

UreHB! KOMHCCHHU: (/@L-% A.JL. Kuieibaes
/3'5‘7 M.XK. XazumoB
e 4~ K. M. Xa3umoB
T'.A. AxmeTkaHOBa
A K. Husz6aes
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Mypat6exkbisbl T., Xazumos K.M.
Kaszaxcxuii HayuoHaneHbill azpapHuiti yHugepcumem, 2. Amvamot

VIAJIEHUE MYJIbUMPYIOIIEHN TUIEHKY U TUBKUX TIOJIMBHBIX JIEHT
KAIIEJIbBHOI'O OPOIIEHMA C ITOJIA B IIOCJIEYBOPOUHBIU ITEPHO]]

AHHOTAIIIS

C110co6 BBIPAIIMBAHHS OBOIIEH ITyTeM MYITBYHPOBAHHA SKOHOMHYECKH 3} (eKTHBeH, He
yXyamaeT KadecTBa MPOAYKIHH. B IociIeyGopodHbIif mepHox cOopa ypokas HCIIOIb30BaHHAS B
KadecTBe MYIbYH IOIMSTHICHOBAS ILIEHKA OCTaeTcs MOJ THCTBOH M GOTBOH pacTeHHIil, 9To B
CBOIO OUepesib 3aTPYAHSET yAaleHHe IOIHITHICHOBOI IIEHKH C IIOBEPXHOCTH IIONA. Y JaleHHe
IUIHKH ~ Tocle YOODOUHBIH IIepHOA SBISETCS OYeHb TPYJOSMKHMH IporeccoM. Jlis
OGOCHOBaHHS ~ ITAPAMETPOB  CO3/aBAa@MIO  YCTPOICTBA  YOAIMIOIIHE  HCIOIb30BAHHbIE
MY/IBUHDYIOIIHE ILICHKH IIPOBENEHBI SKCIEPHMEHTalbHble HCCIeHOBAHHSI IO OIpeIeTeHHI0
K03 HIMEHTa TPEHHS H YIIa 0TKOCOB PACTHTENBHBIX OTXOJIOB II0 IOJTHATHIICHOBOI IUTEHKE.

Kniouesvie  cnoga:  Tocagka  OBOIIEH,  JIEHTHl  KAaIeIbHOTO  OPOLICHHS,
MHKPOKTHMATHIECKHe YCIIOBHS, MY/IbIHpPYOIIAs ILICHKA, yaleHHe ITIOTHMEPHBIX OCTAaTKOB.

Beenenue

PactuTenpHasd NHINA HIpaeT BaXHYIO PO B JKH3HH deqoBeKa. (DPYKTEI H OBOIIM -
BaKHBII HCTOYHMK YIJI€BOJIOB, MHHEPATIBHBIX CONEell H BHTAMHHOB, 0co0eHHO BHTaMuHa C. Jlma
HOPMAIBHOH JKH3HEIEeATETbHOCTH OPTaHH3MY delJOoBeKa HeOoOXONMMa ITHINA, COCTOSIIAS H3
6oee 600 pa3IHYHBIX BeecTB, 96% KOTOPHIX 007Ia/1al0T JledeGHBIM AeficTBHeM. bOIBIIHHCTBO
M3 HHX COZIEPXKHTCS B ATofaX, pPyKTax H OBOIIAX, & HEKOTOPBIe — TOJBKO B HUX [1].

OBomM M (PYKTH — OCHOBHBIE IIOCTABIIMKH KJIETYATKH, HIpAiollell BaXHYIO DPOIb B
(YHKIHOHHPOBAHMH  KETyJOYHO-KHIIETHOTO TPAaKTa, HOPMATH3AIHH JKHPOBOrO OOMEHa,
BBIBEJICHHH M3 OpPTaHH3Ma XOIIeCTEDHHA. YTIOTpeGleHHe OBOIIeH H (PYKTOB IIOBBINIAET
HMMMYHHBIE CBOMCTBA OPTaHH3Ma H II03BOISIET IPOTHBOCTOSTH GONE3HSAM. MHOTHE OBOLIM H
(PYKTEI HMeIOT JledeGHOe JeHCTBHE H ¢ YCIIeXOM IPHMEHSIOTCS B JIe4e0HbBIX THEeTaX.

KasaxcTaH  pacmonaraer — JOCTaTOYHO — OONIMPHBIMH  IOYBEHHO-KIMMATHYECKHMH
YCIOBHAMH JUIS TIPOM3BOACTBAa oBomeil H (pykToB. OIHAKO, CTOMMOCTH OBOIIEH
XapaKTepH3yeTcss KpaiiHe BBICOKMMH IIOKa3aTeIsIMH, Nake B KOHIE YOOpKH ypoxkas. Crax
TIPOU3BOJICTBA OBOIIEH M GaxdueBBIX KYIBTYp OOYCIOBIEH HH3KOH peHTabembHOCTHIO. Huskas
PeHTabenbHOCTh CBfA3aHA C OOJNBIIMME 3aTpaTaMH pydHOro Tpyxaa (Gomee 1000 gen./gac Ha
TEKTap 3a Ce30H) H3-3a OTCYTCTBHS KOMILIEKCHO MEXaHH3HPOBAHHOM TeXHOIOTHH. B Bexymmx
CTpaHaX MHpA, OCHOBHBIM ()aKTODOM 5KOHOMHYECKOIO pOCTa CTAaHOBHTCS BBIIYCK
KOHKYPEHTOCIIOCOOHOH NMPOAYKIHH. OCHOBHBIMH (paKTOPaM M B STHX HAIPABJICHHSX SBILIOTCS
BBICOKO3()()eKTHBHBIE HOBBIE TEXHOJIOTHH H CPEICTBA IIPOM3BOACTBA. JUIS COXPAaHEHHS
TLIOZOPONHS II0YB, OTYYeHHS YHCTOH SKOTOrHYeCKO IIPOTYKIHH B TOCTATOYHOM 0OBeMe IIPH
COKpAIlleHHH OOIIell IUIOIAgH II0CEBOB, HEOOXOAMMA pPa3paGoTKa MPHHIMIHATBHO HOBBIX
TEXHOIOTHl H TEXHMYECKHX CDEICTB, B BHAE KOMILIEKCOB MAIIMH JUI1 OTAEIBHBIX BHJIOB
mponsBojcTBa. HamGonee BaKHBIMH COCTABJLIOIIMMH COBDEMEHHBIX TEXHOJOTHH SBILTIOTCS:
TI0YBa, CEBOOGOPOT WIH €ro 3BEHO, YHOOpPeHHs, ceMeHa (B T.4. MOAOOP COPTOB M THOPHIOB),
3all[HTa OT COPHAKOB, BpeAHTeNell i Gole3Heil, XpaHeHHe MPOMYKIHH H KOMILIEKC MAIIHH T
HX OCYIIEeCTBIeHUS [2-3].

Hau6omnee 3¢ ¢$eKTHBHBIM HalpaBlIeHHEM B PElICHHH 3THX IIPoGJIeM B OBOIIEBOICTBE H
6ax4eBOJICTBe, SABJIETCS MYIHUHPOBAHHE IOYBHI ILICHOYHBIMH MaTepPHATaMH, TaKk KaK 3TOT
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TIPHEM I103BOJISET COXPAHHTH PACXOJ IONHBHOM BOMbI, COKPATHTD CPOK BEreTallMH PACTEHHI,
YBEIHYHTh TEMIIEPaTypy KODHEOOHTAeMOro CIOS, YMEHBIIHTh 3aCOPEHHOCTh IoNel 6e3
TIPUMEHEHHS TePOMIMIOB H KaK CIIeICTBHE, HCKIIOUHTH 3arpsA3HEHHE IOYBBI TOKCHYHBIMHE
BelecTBaMH [4].

B HacTosmee BpeMs B MHPOBOil IPAKTHKE OCBOGHHE IIOTHITHICHOBOH IUIGHKH HIET
HApaCTAlOIIMMH TEMIIAMH B DA3THYHBIX OTPAcIIX HAPOOHOro XO3iHCTBA. B  cembckoM
XO3SIICTBE HCIONB30BAHHE MOTMITHICHOBOH IUIEHKH HJEeT ClIabbIMH TeMIaMH. OCHOBHOM
TIPHYMHOH C1a00T0 OCBOEHHS IOJNHATHICHOBOH IUIEHKH JUIS MY/IBUHDOBAHHS SBILIETCS
OTCYTCTBHE MIIH JOPOrOBH3HA MEXaHH3HPOBAHHOI TeXHOIOrHH. CyIIecTBYIONIHE 3apyOeKHbIe
TeXHOIOTHI TEeXHHYECKHe CpeICTBA He B IIONHEH Mepe COOTBETCTBYeT K IOYBEHHO-
KIMMAaTHYeCKHM YCIOBHSAM PECITyOIHKH. Bce BBINIEH3TOKEHHOE, a TaKKe OIBIT MHPOBOI
TIPaKTHYECKH TpeGyeT HCIIONb30BAHHE IEpPeJOBOil TEXHOJIOTHH IO MYIbYHPOBAHHIO IOUBBI
TOTHATHIEHOBOH IUIGHKOH H pAacTWIa THOKHX JIeHT IS KAaIedbHOIO OPOIISHHS IIPH
TIPOH3BOJICTBE OBOIIHBIX KYIBTYP B YCIOBHAX PECITyOIHKH C yIeTOM IOYBEHHO-KITHMATHIEeCKHE
ycnoBui. K 5To mpemompenenieT HeOOXOTHMOCTb pPa3paGOTKH KOMILIEKCAa MAIIMH JUIS
HMHTeHCH(UKAIIH IPOH3BOACTBA OBOIIEH H APYTHUX KYIBTYP [S5].

‘YMeHbIIIeHHe TPYTOEMKOCTH H 3(()eKTHBHOCTH IyTeM HCIOIb30BaHMS, Pa3pabOTaHHBIX
KOMILTEKCA MAIIHH IS BO3/IE/bIBAHHS H BBIPAIIHBAHHS, H MOATOTOBKH IOJIA IOCIIEYOOPOIHBIH
mepuon. CHIDKEHHe  YIUIOTHEHHS IIOYBBI  JOCTHTAaeTCS 3@  CUeT  HCIONB30BAHHA
KOMOMHHPOBAHHOTO arperara, BBITOIHAIONIHI 32 OJJUH IPOXOJ IIATh OIeparfHil: yKiIaaKka THOKoi
JIEHTBl KaIleIbHOTO OpPOLICHHS, MOKPBHITHE IIOBEPXHOCTh IOYBBI IIONMSTHICHOBOH MyIbueii,
3ajeIka Kpas MyJIb4H, oOecledeHHe HpeIlocaJodHoro MOJIHBa, OCAJKa Paccalsl M3 Kaccer,
HCKITI0Yas IITYYHYIO Hoxady [6].

OIHHM H3 TPYHOEMKHX IIPOIECCOB B MHTEHCH(HKAIMH IPOH3BOICTBA OBOIIEH ITyTeM
MeXaHH3allHH TPYNOEMKHX IPOLECCOB SBIMETCS yaleHHe HCIIOMb30BAHHOH MyIbUHpPYFOIIeit
TLIEHKH B T0CTe YOOPOUHBII IEPHON ¢ TIOBEPXHOCTH IO (PHCYHOK 1).

1 —-MeXaHH3M KOITeHud, 2 — PeayKTop, 3 — THCKOBEII OTBAT,

4 — MynpYHpyIomas IIeHKa, 5 — HaKIOHHBIH TpaHCIopTep, 6 — OLOpHOe Koleco, 7- THApa
MOTOp, 8 —6apabaH HAMOTKH, 9 — IlelHoi IpUBOJ, 10 — CKOIIEHHBIE OCTATKH
Pucynok 1- KoHCTpYKTHBHAS cXeMa Ipe/lIaraeMoro yCTpoicTBa Ul yAaIeHHS MyJIbUHpyoIei
TUIEHKH

MaTepmmbI M MeTO/bI HCCJIeI0BAHMI

Vrias TpEeHHUsA 1o CTaTbHOM TOBEPXHOCTH 6e3 JaBIeHUs OIIPENCISTUCh B IIOKOE€ H B
JIBIDKEHHH II0 ITOBEPXHOCTH, CX€Ma KOTOPOI'0 IIPEJCTaBJIEHa HAa PHUCYHKE 2. Ha TOBEPXHOCTH
CTaJIBHOT'O JTHCTa 1, HaXOIAIIErocs B TOPHU30HTATIBHOM IIOJIOKEHHH, CBOOOITHO pasMmemancs
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HCCIIeyeMBIil MaTepHal IPOM3BOIBHOH MAcCHl. 3aTeM IHCT —IOJHHMAICS B HAKIOHHOE
TOTOKEHHEe C IIOMOMIBIO JeGefKH 4 10 TeX Iop, IOKa HCCIeAyeMBIH MaTepHal Hadal
nBIpKeHHe. IlomoxkeHHe JHCTa (PHKCHPOBANOCh, H 3aMepsUICS YTOJ ero HAaKIOHA, C IOMOIIBIO
CeKTOPHOTO MeXaHH3Ma 6. IIpH ONpeseIeHHH YITIOB TPeHHS B IBMKEHHH JTHCT 1 IMOJHHMAaeTcs
Ha (HKCHPOBAHHBII YToJ1 H HAa HEro pasMellaeTcs ONpeleleHHas IOPHHSI HCCIeTyeMOTo
MaTepHana. IJo Mepe yBelHUeHHS yIIa HAaKIOHA JHCTa 1, (HKCHPOBAIOCH IIOTOKEHHE, IIPH
KOTOPOM HCCIIeIyeMbIil MaTepHall, Ha4HHAT CIOI3aTh 0e3 3aJePKKH 10 MOBEPXHOCTH TPEHHS.
JUIS IOCTOBEPHOH OIEHKH YITIOB TPEHHS OIBITHI IPOBOIIINCH B IISTHKPATHOH NMOBTOPHOCTH.
Temmeparypa H BIQKHOCTh HCCIEIyeMOTO MaTepHala BO BCEX OIBITAX IOMNEPKHBATACH B
Tpezeax: Temieparypa 298 +1K, BraxHOCTs 50+2% [7].

Kos¢ GuriueHT TpeHHs IpH HU3KUX JaBIeHHSX (B mpenenax 500...1500 ITa) oT pasTHIHBIX
(akTopoB (IABIEHHS, CKOPOCTH, BIAKHOCTH), ONPENEILLINCh Ha YCTAHOBKe, IIPeIHa3HadeHHOM
JUIS onpelieNeHns Ko3(dHIHeHTa TPeH A CelTbCKOX03HCTBEHHBIX MaTepPHAIOB, CXeMa KOTOPOTo
TIpeJIcTaBjIeHa Ha PHCYHKe 3.

KopoGka 3amoIHseTcs HecaeayeMbIM MaTepHaIoM H IPHBOJHTCS B JBIDKEHHE OT MOTOpa
PenyKTopa HpH IOMOIIM TATOBOH HHTH IIO CTalbHOH IUIACTHHE. BeqHdMHa HOPMAaTIbHOTO
JIaBlIeHHS Ha IOBEPXHOCTH TPEHHS H3MEHsAIach pa36opoM Ipysa. M3MeHeHHe CKOPOCTH
TepeMelleHnss KOPOOKH —OCYIIECTBISIOCH C  IIOMOIIBIO  YacTOTHOIO —IPeoGpa3oBaTelt
TOAKIIOUEHHOT0 K MOTOp-pPenykTopy, HaumHas oT 10,107 m/c mo 0,57 m/c. Yeume Ha
TepeMellleHHe KOPOOKH C HCCIeTyeMBIM MaTepHaloM (GHKCHPOBAIOCh TEH30MEeTPHUECKOI
CHCTEMOI.

IIpu ompeneneHHH Ko>(QQHIEHTOB TPeHHS HCCIeIYeMOro MaTepHala II0 CTaIbHOM
TIOBEPXHOCTH CHAdYalla ONpEeleNsUIoch Ha IepeMelleHHe KOPOOKH 0e3 ChIpbS B MOMEHT ero
COBHTa H IIPH YCTAaHOBHBIIEMCS JBIKCHHH IlepeMeIlaeMoil KOpOOKH. 3aTeM KopoOKa
3aIOTHAETCS HCCIIeAyeMbIM MaTePHAIOM, H BHOBb (HKCHPOBAJICS HAadalbHBEIH MOMEHT CIBHIA
KOPOOKH C HCCIeTyeMBIM MaTepHaloM IPH YCTAHOBHBIIEMCS NBIDKEHHH ee II0 CTAIIbHOM
TIOBEPXHOCTH. OIBITHI IIPH JPYTHX PEXUMaX ObLTH aHATOTHYHBIME [8].

1 - cTajpHOM JIHCT; 2 - CTAaHHHA TOPU30HTAIbHAS; 3 - BepTHKATIbHAS OII0Pa;
4 - KOHEUHBI 6JI0K; 5 - IPOMeKYTOUHBI 6JI0K; 6 - CEKTOPHBIH MEXaHH3M;
7 - HUTB UL IPHBOJIA CTATBHOTO JIHCTA
Pucynok 2 — CxeMa H o6LIHit BUJ IpHGOpa A OIpe/ielIeHUs YIIIOB eCTECTBEHHOI O
OTKOCA H TPEHHS 110 CTAIbHOMH II0BEPXHOCTH
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1 — cTo11- IwIOIIaMKa; 2 -KOPOOKa; 3- HecleyeMoe ChIpbe; 4 — Ipy3; S - cTalbHas IIACTHHA; 6 —
TEH30aT4HUK; 7 — TPOC; 8- KOHEUHbIH BBIKIIIOYATENb;
9 — 6110K; 10 —MoTop-penykTop; 11 — 610K yIpaBiIeHHS
Pucynok 3—CxeMa U OOIIHI BUX YCTAHOBKH JUIS OpPeeneHus K03 GUIIIEHTOB TPEHHSI

Tlocte 06GpaGOTKH OCHHIUIOTPAMM IO TApPHPOBOYHOMY TIPaQUKY OIpeAensuIoch
HCTHHHOE 3HadeHIe YCHIIIT Ha [lepeMellleHHe MaTepHaloB PACTHTEIBHOTO IPOHCK OXK/ICHHS.

Koa¢ GHIHeHTs! TPeHHs PaCCUUTHIBATICH IO (OopMyIaM:

-IUISL CTATHCTHIECKHX KOO HIHEHTOB TPEHIS —

(6]

-JUIS IMHAMHYECKHX K03((HIHEHTOB TPeHHs —

. (@)

1, =

)

THe fc¥Mfo- COOTBETCTBEHHO CTATHYECKHIT U MHHAMIYECKHIT K03¢) UITHEHTHI TPEHHS;

Fcu Fp - cula TPEHHS PaCTHTEIBHOTO IPOJYKTA B HAYaIbHBIH MOMEHT CIBHT'a KOPOOKH
M IIPH YCTaHOBHBIIEMCS ABHKEHHH, H,

Pcu Py - cila HOpMaJIbHOTO JaBleHud, H.

Bes cepHs ONBITOB IIPOBOIMIACH B 3-KPAaTHOH IOBEPXHOCTH IIPH H3MEHSIEMBIX
3HAYEHHIX HOPMAIBHOTO JABIEHHS, CKOPOCTH IIepPeMEIIeHHs, TeMIIepaTypsl H BIaKHOCTH
HCCIeyeMoro Matepuana [9].
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Pe3ynbTaThl HCCIENOBAHHS IO ONpeNelNeHHI0 KOo3(p(HIMeHTa TpeHHS PaCTHTEIBHOTO
CBIPBSl  OT HOPMAIBHOTO JABJIEHHS IPEACTaBICHBl B BHIEe IPAQHKOB COOTBETCTBEHHO Ha
PHCYHKe 3.

XapakTep IOTYYEHHBIX 3aBHCHMOCTEfl CBHJETENBCTBOBAT O TOM, 4YTO BEIHYHHA
K03 HIMERTa TPEHHS C IMOBBIIICHHEM HOPMAIBHOTO NaBIeHHS B Ipefelax SKCIepPHMEHTa
IIMHEfHO BO3pacTal. DTO SBIEHHE OOBACHAICS TeM, 4TO IIPH IOBBIIEHHH HOPMAIBHOTO
JIaBJIeHHS He IPOHCXOIIIO BBIIABIHBAHHE YaCTH CBOOOIHOIT BIIarH Ha OBEPXHOCTh TPEHHUS, H3-
3a HeJOCTATOYHOCTH JaBieHus [9].
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Prcynok 3 — I'paduk Ko3(QHUITHeHTa TPeHHS PaCTHTEIBHBIX OTXOJIOB OT JaB/ICHHS

3akaro4yeHne

TaxuM 06pa3oM, IPH H3YUeHHH (H3HKO-MeXaHHIeCKHX CBOHCTB PACTHTENBHBIX OTXOJIOB,
B YaCTHOCTH YTOJ €CTECTBEHHOro OTKOCA Ha CTAIbHOH IOBEPXHOCTH II03BOIET B IEPBYIO
odepenb OGOCHOBaTh yrol HAKIOHA MeXaHM3Ma TPAHCIOPTHPYIOIIETO  YCTPOHCTBa
TUIeHKoyaIuTeIs. KpoMe Toro xapakTep HONyYeHHBIX 3aBHCHMOCTeH Ko3(dHIHeHTa TpeHHs
10 CTalbHOH IIOBEPXHOCTH CBHIETEIbCTBOBAT O TOM, UYTO BEIHYHHA C IIOBBINICHHEM
HOPMAIBHOTO JaBIEHHS B IIpefelaX SKCIEPHMEHTa 3HadeHHe Kod(QQHIMeHTa IHHEHHO
BO3pacTal.

Jlutepatypa
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Mypatéexkbissl T., Xazumos K.M.

KOKOHIC OHIMI JKUHAJIFAHHAH KEATH EITCTIK BETIH KAITKAH ITOJIAMEPJII
KAJIIBIKTAPIIBI JKAUHAIT ATIATBIH KYPBLTFEI

AHaaTma

Tomblpak OeTiH IOMHATHIEHAI YITIPMEH XaOBIHAAY - OCIMIOIKTIH ecyl MeH IaMybl
Kesinzeri $pakTopiap KellleHiHe acep eTeTiH arpOTeXHHKAIBIK KypaaaapabH 6ipi. IIoausTIIeHai
Yyamipai TombIpak OeTiHIH JKaOBIH MaTepHAlbl PETiHZAe, OHIMAI JKoHe OHIMHIH TaFaMJIBIK
KYHIBUIBEFBIH apTTBHIPY MaKCaTBIHNA, €TiCTIK JKaFJaibIHAA JXKoHE KOPFalFaH TONBIPAK OeTiHAe
KOJIIAaHaMIBL.

OrmepanusnapAs! canajibsl OpeIHAAY MeH OHIMAUTIKTI apTThIPY YIIH KOKOHIC KeIIeTTepiH
OTBIPFBI3YMEH KaTap TONBIPAK OETIH YIDIPMeH KallTayFa apHAIFaH KOCapJlaHFaH (YHKIHSITBI
KYPBUIFBIHBl CBIHAY JKYMBICTapbl JKYPTi3ilmi. YCHIHBUIFAH KYPA/FbIHBIH KeMeTiIMeH KelleT
OTHIPFBI3Yy aIaMHBIH KOJT eHOeK KYIIH a3aifThIl, JKYMBIC OHIMILTIIH apTThpangsl. Kemrer
OTBIPFBI3YMEH KaTap MOTHATIISH ! YIIIP MeH TAMIIBUIATHII CyapyFa apHaFFaH HUITIII Taca Ja
TOIBIpAaK OeTiHe Tecemedi. Byl e3 KeseriHae TepOHIMATEPAl NaiiganaHGail, KemeTTepai
Me3TUIIHEH epTe OTBIPFbI3Y MYMKIHZITIH Gepemi. Ajaiifa, eHIM JKHHAIBII GOIFAaHHAH KeHiH,
TIOMHMepPTIiK MaTepHalIap KHHAIBII anbH6aca, o1 100 pUrFa JefiiH mipiMeil TONBIpaKIeH
apaJIAChIIl JKaTaJbl, COHBIH dCepiHeH TOMBIPAKTBIH Callachl Hamapiaiasl. COHIBIKTAaH KOKeHIC
OHIMI JKHHAIFAaHHAH KeiliH ericTiK OeTiH JKalKaH MOJTHMEpI KAIIBIKTapabl JKUHAI aJaThlH
KYPBUIFBIHBI YCBIHBII OTBIPMBI3.
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JKaOBIHAYIIBI YIIIP, HOMTHMEPIIK KaTABIKTapbl KHHAY

Muratbekkyzy T., Khazimov K.M.

DEVICE FOR REMOVING POLYMER RESIDUES IN THE POST-HARVEST PERIOD
OF VEGETABLES

Abstract

In the republics of the former Soviet Union there was no commercial mulching of the soil
with film, because there were not enough polyethylene films, the most effective technological
schemes for their use were not developed, and there were no technical means for laying, sowing
and harvesting the crops under film conditions technologies. However, a number of field
experiments have been laid for the detection of mulching efficiency, the analysis of data showing
that this method of growing is economically effective does not impair the quality of the products.

In the post harvest harvesting period, the polyethylene film used as mulch remains under
foliage and plant tops, which in turn makes it difficult to remove the polyethylene film from the
field. Therefore, the use of a device for harvesting polymer residues from the surface of the field
in the post-harvest period of the vegetable harvest is an actual topic.

Keywords: vegetable planter, irrigation furrow, microclimatic conditions, mulching film,
removal of polymer residues.

90X 629.113.004.5
Haypys6aeBa A., Mapkamosa K.

Kasax ynmmuix azpapnuix yHugepcumenmi

AJIMATEI KAJTACBIHBIH ABTOBYVCTAPBIHBIH T MIPOMEXAHUKAJIBIK
BEPUIICIHIH CEHIM/IUIIT TH 3EPTTEY

AHaaTma

Maxkamaza aBTOMOGWIBIIH IafifaTaHy CEeHIMUTITIH 3epTTey, aBTOMOOH/Ib CEHIMILTIriH
OHTAIAHBIPY HOPMATHBIEPI, TO3Y JKBLITAMIBIFBIH TOMEHJETY KOHE JKBUIKBIMAIBl KYPAMHBIH
Y3MiKCi3 JKYMBIC icTey BIKTHMA/IIBLIBIFBIH KAMTaMAChI3 €Ty KapacTBIPBUIFaH.

Kinm ce30ep: TunpoMexaHHKATIBIK OepilTic, TPAaHCIOPT, aBTOOYyc, Oepimic KOpalhl,
LIeCTePHS, arperar, KapIaH.

Kipicme

JKonaymbl aBTOKeNIriHAeri TPAHCHOPTTHIK HPOLECT OHAH dpi JKETUIMIPY MEH CcamachlH
JKOFapBUIATy ©3eKTi Macele GOIBIN TaObUIAIBI, JKOHE OFAH INBIFAPBUIATBIH aBTOMOOHIIBIEPHIH
CallachlH JKAKCApTy apKBUIBI, KYHeNepIOiH JKYMBIC JKacayblH TONBIK JKETUIDIPY JKOIBIMEH,
TeXHHKAIBIK Kbi3MeT eTyi (TK) MeH arbIMIBIK keHmeyldi (AJK) KaybIITacThIPy apKbUIBI KOX
JKeTKi3yre 60JIabl.

Bi3miH emiMi3ge JKONMAyIIBUIAp YIIIH BIHFAfIBl JKOHE THAPOMEXaHHKATBIK OeplricreH
(I'MB) kamramacel3 etimreH JIHA3-677 yirizepi 6ap aBTOOYCTBIK GaKTapbl JKYPTi3yHIHIH
(H3HKATBIK KYMBICBHIH 58%-Fa TOMeHAeTel, OipaK OHbBIH TEXHHKAJTBIK KbI3METi aBTOKOIIKTIK
KocinopsiHaapasie (AKK) TapambslHaH YHeMi GakKbLIAHBII OTBIPYBI THIC, all 0N €3 Ke3eTiHae
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AKTyalbHbIe BOIIPOCHI COBpeMeHHOii Haykn / COOpHHK
cTateii mo Mmartepmanam XIII MeXTyHapoaHoli HaydHO-
NpaKTHYecKoil Konpepennuu (19 mons 2018r., r. Tomck). B 3 4.
Y.1/-Va: H3a. Tenapa, 2018. — 201 c.

B cOopHHKe IIpe[ICTaBIeHbl MaTepHATIBl MexIyHapoaHOiT
HAYYHO-TIPAKTHYECKOH ~ KOH(DEPEHIHH «AKTyalbHble BOIPOCH!
COBDEMEHHOH HayKH», TJe HAIITH CBOe OTPaKeHHe IOKIaIbl
CTyJIeHTOB, ~MATHCIDAaHTOB, AaCIHPAHTOB, IIpemojaBaTelell H
HAYUHBIX COTPYJHHKOB BY30B IO XHMHYECKHM, GHOMOTHYECKHM,
TeXHHJYeCKHM, SKOHOMHYECKHM H JPYTHM HaykaM. MarepHambl
COOpHHKA NpEICTABIAIOT HHTEPEC [/ BCeX HHIEPECYIOIHXCS
YKa3aHHOH IIPOGIEMATHKOH H MOrYT OBITh HCIIONB30BAHBI IIPH
BBITONHEHHH HAyYHBIX PaGOT H HpPelmoJaBaHHH COOTBETCTBYIOMIHX
JHCIHIUTHH

ABTODHI OIyGIHKOBAHHBIX MATEPHATOB HECYT OTBETCTBEHHOCT 32
TmOxGOp H TOYHOCTh NPHBENCHHBIX (aKTOB, IHTAT, CTATHCTHIECKHX
JIaHHBIX, He TIOJUIXKALIHX OTKPHITOH IyOIHKAIHH. MHEHHE PeaKIHOHHOH
KOIUICTHH MOJKET HE COBIIAJIATh C MHCHHEM, aBTOPOB.

MarepHaIEl pa3MeIIeHb! B CGOPHEKE B ABTOPCKOI PABKe.

Bce cTaThH IPOIILTH IPOBEPKY CHCTEMO AHTHILTATHAT.

TIpH mepereyaTke MaTePHANOB H3JAHHA CCHUIKA Ha COOPHHK CTaTeit
obs3aTenbHa.
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K.T.H., Ipodeccop Kad. «MalHHOHCIIONB30BaHED», Ka3z HAY

AHHOTanMsA: MeXaHH3HPOBAHHBII CIOCOG MYIbUHPOBAHHI
TOYBEl IPH II0CAAKE paccajbl CTAHOBHICS IOMYIAPHBIM H3-33
HeXBATKH paGouell CHIB. VICIbITaHHe KOMGHHHPOBAHHOIO arperara
J1 MyTBUHPOBAHHA HOYBHI IPH IOCAJKe Paccajbl OBOIIeil GBITO
TIPOBEJIEHO IS OLEHKH Ha KaueCTBeHHOE BBITONHEHHE OIepaIiii u
BIHAHHE  OPHMEHEHHA  TeXHOIOTHH  MyTbUHPOBAHHA  Ha
TeMIIepaTypHBIH H BOJHBIH peXHM.  MyIbUHPOBAHHE IIOYBEHI
TpO3padyHOH IUIEHKOH MOBBINIAET TeMIIepaTypy HMOuYBH Ha 3...5°C,
YTO MOXET HIPATh HOTOXKHTEIBHYIO POIb IIPH 3aTHKHOI, XOIOIHOM
BecHe.

Kamoueple cioBa: Mymbunpyiomas ILUTeHKa, BIaKHOCTb,
TeMIIepaTypa, PerHCTPATOp, MOAMOUBEHHEI CIIoit

IIpu mOpHMeHeHHH MYyBUHDYIOLIeH IUICHKH NpPH IOCajke
paccagbl OBOMHBIX KyIETYp HMeeT GOOMbIIOe NpaKTHYeCKoe
3HaveHHe [1]. B IOANMOYBEHHOM ClIOE H3MEHAETCS TeMIepaTyPHEIT
H BOJHBIT PEXHM UTO B CBOIO Odepellb OKA3hIBaeT BIMAHHE HA POCT
H pa3BHTHE paccaisl [2] .

VI3MepeHHe BIAKHOCTH H TeMIIePaTyphl NOYBHI IIONS, TIe
BBIPAIIHBAIHCE, PACcCabl OBOIIEH IOJ MOTHITHICHOBOH MymbUel,
TIPOBOJHIOCH C TIOMOIIBI0 ~ H3MEPHTeNbHEIX PerHcTpaTopoB HMC-
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203.3. UC-203.3 sBdeTcs IBYX KaHAIBHBIM OPHOOPOM, OIHH KaHAI
TIpelHA3HAYEH JUIA 3AIHCH TeMIIePaTypy CPeIbl H APYroif KaHaT
TIpeHA3HAYEH [T PETHCTPALHH BIAKHOCTH CPEIBL.

IpuHmEn paGoTsl mpuGopa. B KauecTBe UyBCTBHUTETLHOTO
S7eMeHTa BIAXHOCTH B Ipeobpa3oBaTere HCIIONB3YeTCst
€MKOCTHOH CEeHCOp COPOIHOHHOIO THITA.

JIns H3MepeHHs TeMIIepaTypHl IIPHMEHAeTcs IUIATHHOBBIL
TepMopesHcTop. IIHTaHHe NpeoGpa3oBaTels OCYIIECTBIIETCS OT
BHEIIHETO HCTOYHHKA HANpsKeHHeM 7...30 B OCTOSAHHOrO TOKa.

TIpuGop  H3MepseT  TeMIepaTypy H  BIAXHOCTh M
TpeoGpa3OBEIBACT  H3MEpPeHHs B YHHQHIHPOBAHHEIHX
97eKTPHYECKHiT BEIXOJHOH CHTHAT IOCTOSHHOTO TOKA, IOJaBaeMBIil
Ha BHENIHHII pa3beM (PHCYHOK 1). Pacmm@poBka BBIBOTHBIX
KOHTAKTOB IIPHGOpA TIPEICTABIeHa B Ta0HIe 1

Ta6muma 1-PacmHdpoBka BEIBOJHBIX KOHTAKTOB ImpHGOpa MBTM-
7H-1...15

KonTakT No Curran

1 ToKoBEIi BBIXO - TemmepaTypa

2 TOKOBEIi1 BEIXO - Bi1aXXHOCTH

3 IudpoBoif BeXOX — cHrHaT A RS485
HHTepdeiica

4 IudpoBoif BeXOX - cHrHam B RS485
HHTepdeiica

5 He 3azieiicTBOBaH

6 3em (-)

7 TuTanue (1)

Ilo NIaHy METOAHKH H3MEPEHHS  HCIIONb30BAINCH JBA
SK3eMILIIpa IpHGopa HC 203.3. OnuH H3MepHTeNb PETHCTPATOP
3aIHCHIBAT JAHHBIE TI0] MyIBUHpYIomeli IITeHKOH B TTyOHHe T7e,
pa3MelmamHch KOPHH paccafbl, APYroif MPHOOP MeXAy pAaaMH
MYIBYHPYIONIEH IUIEHKH, T7le OTCYTCTBOBANA IUIEHKA B aHAIOT HIHOH
TIyGHHe (DHCYHOK 2). B KauecTBe  HCTOYHHKA ITHTAHHA
HCIIONb30BATHCh [IBA ABTOMOOHIBHEIE G0aTapeH, C paGOUHMH
HANpPKEHHAMH I0 12 B KazIplid. J[Ba aKKyMYIATODHEIE GaTapeH
MeXIy COG0H  COeTMHHIHCh IO cXeMe «II0CTelOBATeNbHO» H B
pesynpTaTe BBIXOJHOE HANPSIKEHHe COCTABHIO 24  BOIBTA,
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CBOOOZHBIE KOHIBI ~KIeMM OT aKKyMyIMTOPHBIX  GaTapeif
TIPHCOEIHHIIICH K IPHOOPY K KOHTAKTaM COOTBETCTBEHHO MHHYC K
KIeMMe 5 H ILTIOC K Kiiemme 7.

Buka PC-7 Poserka PC-7

Pucynok 1 — Bua BHemHero passeMa HBTM -7H

PHCYHOK 2 — PacronokenHne NIpHGOPOB yueTa BIATH H TeMIIEPaTypPH!
C 97IeKTPHYECKHMH HCTOYHHKAMH

VICTOUHHKH MHTAHHA H NPHGOPH! Pa3MeIaTHCch IO HOUYBOi B
TePMEeTHYHOM COCTOSHHH B TedeHHe 1 Mecsua (B II€PHOJ 3AIlNCH).
Tloce 3aBepIIeHHs 3alNCH IapaMeTPOB HPHOOP MOAKTIOUANCH K
KOMITbIOTEpY, H PACIIH(}POBATHCE JaHHEIE.

Tloce 0GpaGOTKH pe3yIbTaTOB 3aIlICH IIPHOOPOB  GBLTH
TONydeHbl 3aBHCHMOCTH OT  TeMIIepaTyphl H  BIAXHOCTH
TIO/IIOYBEHHOTO CTI0S, T/le OBLTH YCTAHOBIEHB! CEHCOPHBIE JATIHKH.

Ha pHCYHKe 3 IIpeICTaBIeHbl KDHBHIE  BIAKHOCTH
TOMIOYBEHHOTO  CIOS  IOX  MyNbUHpYIONIeH — IUIEHKOH |
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TIO/IOYBEHHOTO CNI0s Ge3 INIeHKH Ha OJHHAKOBoil rimy6uHe (10cM)
7O JHAM B TeueHHe Mecsna. M3 rpadHka MOXHO HaGIMIOJATh, UTO
BIAXKHOCTh BHe IIEHKH MeHBIIe UeM N0 IUIEHKOH, aMILTHTYa
KoneGaHHit GobIITe.

Biranocts, %

NS UL

o s S 15 20 25 20
Bpens,

0 s 10 15 20 2 0
Bpens, it

6)

PrCyHOK 3 - Mecs4HBIE KPHBEIE 3aBHCHMOCTH BJIQKHOCTH
TIOIOYBEHHOTO C/I0 IAXOTHI B IEPHO/ BEIPAIITHBAHHSA PaccaIsl
) IOZI IUTeHKOH,  ©) Ge3 IeHKH

OJIHAKO, TOJ IUIEHKOi HaGII0NaeTcss KPHBEIE ¢ HAHMEHBIIHMH
CKAauUKaMH, 5TO OOBACHAEICA TeM, UTO HCIApeHHe BIAard IOX
TUTEHKOif OYeHb MANO H3MeHAeTCH 33 CUeT CONPOTHBIICHHS ITEHKH.
To ecThb IUIeHKA MPENAICTBYeT MPOHHKHOBEHHIO BIarH Ha
TIOBEPXHOCTb TIOTIA.

Ha pucyHKe 4 TpeICTaBIeHHEIe CYTOYHble KpPHBEIE
3aBHCHMOCTH II0 YacaM IIOKA3hIBA€T AHANOTHUHYIO KapTHHY Kak
MeCSIHEIE KDHBBIE 3aBHCHMOCTH.
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PucyHox 4 — CyTouHBIe KDHBBIE 3aBHCHMOCTH BJIaKHOCTH

TIO/MOYBEHHOTO CJI05 IIaXOTHI B IEPHO/] BRIPAIMBAHHA Paccabl

) IOZI IUTeHKOH,  ©) Ge3 INeHKH

Ha pHCYHKaX 5 H 6 IIpeJICTaBIIeHHbIe KPHBEIE TEMIIEPATYPI IO
JHAM H 10 YacaM IOKAa3hIBAET, UTO Iepemaj TeMIIepaTyphl IOX
IUTeHKO Golee CTAGHIBHENI, YeM BHe INIEHKH. JDTOT IOKa3aTelb

TIPHMEPHO Ha 3 Tpajyca MeHbIIle.
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PHCYHOK 5 — KpHBEIe 3aBHCHMOCTH TeMIIEPATyPHI IOIOYBEHHOTO
CII0s1. Q) - TIOJI ITeHKOH, 6) - BHE IIIeHKH
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Bpems, u
a)
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Bpews, 4
6)

PHCYHOK 6 — KpHBEIe 3aBHCHMOCTH TeMIIePaTyp5l IOAIOYBEHHOTO
CII0s1. Q) - TOZ ITeHKOH, 6) - BHE IIIeHKH
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TakuM  00pa3oM, MyIbUHpOBAHHe HA  TelIOBRE H
BIIAXKHOCTHBIE PeXKHMBI IIOYBEI OKA3bIBaeT ONpe/IeNeHHOe BIHSIHHE C
TIONOXKHTENEHEIM  3G(GEKTOM 14 poOCTa PasBHTHA PACTeHHIt
CTaGHIH3HPYs TeMIepaTyPHO-BIAXHOCTHEIE PEXHMEL. KpoMme Toro,
C  HCIONB30BAHHEM  BIAaroMepoB  IIOABIAETCS  BO3MOKHOCTH
PerymHpoBaHie IIONMHBHYIO HOPMY PAacTeHHH B 3aBHCHMOCTH, OT
TIOTOJHBIX YCIOBHIt KOHTPOIHPYS COCTOSIHHE BIIATH B IIOUBE.

3akarouenne

CymiecTByronIHe 000pYZI0BaHHA BBINOTHAIT  YKIAAKY
IUTeHKH M TOCAJKy paccafbl Da3lenbHO, Pa3sHBIMH arperaTaMH,
KOTOpbI€ YBETHIHBAIOT 3aTPAThl H KOIHYECTBO IIPOXOIOB arperata B
TOpAZKa 7Ba Pa3a. BIAXHOCTH MOYBH! Ha ITyGHHe OOHTAHHS KOPHS
paccajibl 07 IIEHKOi H3MeHseTCs OueHb MeJIeHHO, 4eM B IIOuBe,
TJle OTCYTCTBYeT IUIeHKa B IIOPA/IKE 1Ba pasa.

TIpHMeHeHHe TOMHATHIEHOBBIX ~ IUIEHOK  GArONpHATHO
CKa3BIBAeTCS HA PA3BHTHH DAaCTeHHil, HX YPOXKAHOCTH, a Takxke
TUTOXOPOHH MOYBEL. MyIbUHPOBAHHE IIOUBEI IIPO3PAYHOIT IIEHKOH
TIOBBIIIAET TEMIIEPaTypy HOYBHI Ha 3...5°C, UYTO MOXeET HIpaTh
TIOIOXKHTENBHYIO POTIb IIPH 3aTUKHOM, XOMOIHOM BeCHe.

CIHHCOK JTHTepaTyphl
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VCTPOICTBO JIJISI CHSITUA TOJIMMEPHBIX OCTATKOB
B IIOCJIEYBOPOUYHBIIA NEPHO OBOIIEI

T. Mypartoekkbi3bl, I. A. AxmeTkanoBa, K. M. Xazumos, M. K. Xasuvmos
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AnHoTanmus. Croco0 BBIPAIMBAHHA OBOIIEH ITyTeM MYIbYHPOBAHHS SKOHOMHYECKH 3¢-
(eKTHBeH, He yXy/IIaeT KadecTBa NIPOXYKIMH. B mocieyGopodHslil IepHo c6opa ypokast HCIOIb-
30BaHHAs B Ka4eCTBE MyJIbUH IOTHATINIEHOBAS IVIEHKA OCTAeTCsl IO JIHCTBOMH H GOTBOI pacTeHHI,
9T0 B CBOIO OYepelb 3aTPYAHIET ee yHaleHHe C MOBEPXHOCTH Iois. I[03TOMy IpHMeHeHHe B
XO34fiCTBaX yCTpoficTBa M1 YOOPKH IONMMEPHBIX OCTAaTKOB C IIOBEDXHOCTH IONSA B
TIocJIey GOPOUHBIil TEpHOJT ypoKas OBOIIEH SBIIeTCS aKTyalbHOH TeMOii.

KuaroueBble clIoBa: Iocajka OBOIHEﬁ, JIEHTBI KaIleJIbHOTO OPOIICHHS, MHKPOKIMMAaTHIE-
CKHE YCIOBHSA, MYIbYHPYIOIIAS IUICHKA, YAaJI€HUE ITOTUMEPHBIX OCTATKOB.

C pasBHTHEM TEXHOIOTHH IOJTYYSHNS OINMEPHBIX MaTePHAIOB ICIIONb30Ba-
HUe IONMATIICHOBON IUICHKN B KadecTBe MyNBYN HAILIO GOJBLIOE IPIMEHEHHE.
JUtst cOXpaHeHMs IUTOAOPOUS [I0YB, OTYYIeHIST YUCTOIl SKOIOTHIECKOIl IPOXYKIIIIT
B JOCTaTOYHOM 0OBeMe IPH COKpAIeHNH OOIIell IUIOIAgH IOCEBOB HEOOXOIIMEL
IPUHIUINAIGHO HOBbIe TEXHONOTHI U TEXHIYECKUE CPEICTBA B BIIE KOMILICKCOB
MAIIITH [T OTACNBHBIX BIJIOB IPOM3BOACTRa [1].

Han6omee 5pGeKTIBHBIM HalpaBIeHUEM B PEIICHNN STUX IMPOOJIeM B OBOIIE-
BOJCTBE U GaXYEBOACTBE SBIMIOTCSA MYyJIbUMPOBAHNE ITOYBHI IUICHOYHBIMH MaTepua-
JAMH U pacTWl IHOKUX MOJMBHBIX JICHT IS KalleIbHOrO OPOLICHHS IO MYIbYIl-
pyIolLIell IUIEHKOI, TaK KaK 5TOT IPHEM II03BOILIET COXPAHUTh PACXOJ| ITOIUBHOMN BO-
JIBI, COKPATUTh CPOK BEeTeTallNl PAaCTeHMUIl, YBEIMIUTh TEMIIEPATypy KOPHEOOHTaeMO-
IO CJOS, YMEHBIINTH 3aCOPEHHOCTH IOJell Oe3 HMPUMEHEHIS TepOMIIIOB I, Kak
CIIE/ICTBIIE, NCKIIOUNTH 3arPS3HEHIIE II0YBbl TOKCHYHBIMHU BEI[ECTBAMH.

Ilo MHEHHIO aBTOPOB, YBEIIYCHHE yPOXKAMHOCTH KYJIBTYp HPH MYIbYIPOBa-
HOM IIOYBEI IUTCHKOIl IIPOMCXOANUT 3a CUET IYYINEro COXPAHEHI BIAarl B BEPXHIIX
TOPU30HTAX [OYBHI, YIIyHIICHIIS TEITIOBOIO PEXKIMa IPHIIOYBEHHOTO CII0S BO3AyXa I
BEPXHETO CIIOS IOYBHI, CIIa00il 3aCOPEHHOCTI IIOCEBOB, COXPAHEHIIS BEPXHUX TOPU-
30HTOB II0YBHI B 60JIee PEIXIIOM COCTOSIHIH.

TIpuMeHeHIIe MONMATIICHOBEIX IUICHOK IO3BOISICT M30GEKaTh IIPIMEHEHI
TepOUIIIOB U 00ECIeUNBaeT PAHHIOK IIOCAAKY. B 3apy0esKHOIl [paKTHKe MyIbYH-
POBaHNE IOYBBI YEPHOIl MOIITHICHOBOI IICHKON YCKOPSNO POCT PACTeHHil, Io-
BBHIIIANO PAaHHNE ypoxkan TOoMaToB Ha 40%, CHIDKANO PAacTPEeCKHUBAHIE ILIOOB U
YIY4INano UX Ka4ecTso [2].
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OpHaKo B IOCIeyOOPOYHEIT IEPHO UCIIONB30BaHHAs MYJIb4a I3 HONMITUICHA
CO3JIaeT OIpe/eIeHHBIe HeyZoOCTBa AT 0o0paGoTKM MOYBHI. I[lOMMATHIEH IIpo3-
PavHBLI JOIDKEH pa3iaraTsCs IpU IPSMOM IIOHAJaHIN COTHEYHBIX JIyUeil, Tak KaK OH
He IMeeT B cocTaBe caxn. CTeGiM pacTeHus B TEUCHNE BHIPAINBAHUA OBOIIEH CO3-
JIAIOT JOCTATOYHOE YCIOBHE HMOMIITUICHY HaXOAUTHCS B TCHIL B pesymbpTare momn-
STUJICH COXPAHACTCA B HEBPEIUMOM COCTOSHHII U IMeEeT JOCTAaTOYHYIO IIPOYHOCTD.
ITosTOMy B I10CTIEyOOPOUHBIT IEPHOJ TaKKe SBIAETCS HEOOXOMIMBIM MEXaHH3UPO-
BaHHBIIT CII0CO0 YAATICHII INIEHKU C ITOBEPXHOCTH o [3].

Vyanenne MyabqUpPYIOIIeil IIEHKN [Ocie YOOPKH yposKas SIBIICTCS OJHIIM
U3 TPYZOEMKHX IIPOLIECCOB, IO pPe3yIbTaTaM XPOHOMETPaKHBIX JAaHHBEIX aBTOPOB
JaHHOl paboTBI OHO cocTaBmsAeT 64 den.gac/ra, MOATOMY IIpe/Iaraercs IOJy-
HABECHOE IIPHUIIEIHOE yCTPoiicTBO. J[aHHOE YCTPOICTBO BBIONHSET KOIICHUE CTeO-
neil pacTeHHil OBOIIell, BRICTYIIAIONINX Yepe3 OTBEPCTHS MYIbUUpYIONIell IITIeHKH Ha
moBepxHOCTH. CKOIIEHHAas Macca I JpyrHe IOCTOPOHHNE IPeJMETH IONaJaloT Ha
MOBEPXHOCTH 11014, I/Ie YaleHa MyIbUIPYIOIas IICHKA.

IIpemmaraeMoe HOIYHPUIETHOE YCTPONCTBO NpeIHA3HAYCHO Ui yAAleHIT
HCIIONB30BaHHON Mynpunpyromeil IUIEHKH IIyTeM HaMaThbIBaHNSI Ha OapabGaH c
OJJHOBPEMEHHEBIM YZaleHIIEM PacTHTEIbHOM Macchl, BEIPACTAOIel depe3 OTBepCTUs
B IUICHKE.

VCTpoliCTBO COMEPIKUT CIEAYIOIIe COCTABHBIE YacTU: paMa; OTBAl; KapJaH-
HBIIT BaJ; peXXyIUiil anmapar; TPaHCIIOPTEp C MIETKOI UL HaIPaBIEHUS CKOLICHHOIT
Macchl; TPAHCIOPTEP [ HAIPaBICHUA MyIbYUpPYIOIIeil IIeHKN K GapabaHy; MylIb-
ynpylomas IieHKa; 6apabal ¢ IUIaMH IS HAMOTKHI yJaleHHOI MyJIbunpylomeit
IUTICHKY; OIOPHO-IIPHBOIHOE Kojeco [1].

TIpunmun paGoTHl YCTPOIMCTBAa 3aKII0YAcTCS B CIEAYIOIEM. YCTPOHCTBO
HABEINBAeTCsA K TPAKTOPY Kak IIOJyHaBECHOE ycTpoiicTBo. [l HapesKm pacTu-
TEeNIBHOIT MacCHl B IIepeiHell 9acTH YCTaHOBICHEI pexylue HOXEL IIpuBos 6apabaHa
OCYINECTBIIETCS Yepe3 PeAyKTOp OT Balla 0TOOpa MOIIHOCTH TPAKToOpa.

Ilox neficTBueM yJapHOIT Harpy3KH HOXeil pacTHTeNIbHAas Macca OCTaeTcs Ha
MOBEPXHOCTH Mynpunpyromeil mienkn. Ilo kpasM Ha mpHHE 3axXBaTa yCTpoOIicTBa
pacIonararTCcs ABa BRIKOIBIBATENIS-0TBAJA [OYBEI JIEMEUHOIO TIHIIA, IPU JIBILKCHIN
BIIEpEZl OTBAJbl Pa3phIXIAIOT IOYBY, KOTOPHIE YACP’KUBAIOT IUICHKY. B pesymbrare
MyJIBUIpYIONIas IUICHKa OCOOBOJKIAETCS OT MOYBBI U pacTeHmii. KoHern Mymbum-
pyroeil IIeHKN Yepe3 BepX HAKIOHHOTO TPAHCIIOPTepa OIYCKAeTCsl BHU3 I 3aKpell-
msietcs Ha OapabaH, IMEIOINIIIT Ha IOBEPXHOCTU Uronpdarsle mThlpu. IITeipn Gapa-
GaHa, 3alleIULLICh C I0YBOIl, 00eCIeYNBaOT BpaleHne 6apabaHa 6e3 CKOIBKEHIA.
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DEVICE FOR REMOVING POLYMER RESIDUES
IN THE POST-HARVEST PERIOD OF VEGETABLES

T. Muratbekkyzy, G. A. Akhmetkanova, K. M. Khazimov, M. Zh. Khazimov
Kazakh national agrarian university, Almaty

Abstract. In the post harvesting period, the polyethylene film used as mulch remains under
foliage and plant tops, which in turn makes it difficult to remove the polyethylene film from the
field. Therefore, the use of a device for harvesting polymer residues from the surface of the field in
the post-harvest period of the vegetable harvest is an actual topic.

Keywords: vegetable Planter, irrigation furrow, microclimatic conditions, mulching film,
removal of polymer residues.
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TRAINING OF PROFESSIONAL TRAINING SPECIALISTS IN CONDITIONS
OF SPECIALIZED EDUCATION

Abstract

“Multilingual Education” means three languages, Kazakh, Russian and English, as well as
equal knowledge of citizens of Kazakhstan, the ultimate reason whose purpose is to make the
Kazakh state language used internationally with Russian and English to include Kazakh in world
languages make a real commitment. The article addresses the issues of multilingual education
professional education.

Keywords: Vocational training, multilingual education, training, personality, specialist.

VIK 635.1/8
Husiz6aeB AK., Axmerkanosa I'.A., Huxonaesa K.H.

Kasaxcxuii HayuoHanoHelil azpapuolil yHusepcument
Kaszaxckuii HayuonansHbiil ynueepcumen um. ane-Papabu

MEXAHM3AIIWA VIAJIEHUA MYJH)‘{HPYIOLL[EI‘{HJIE}H(H C IIOBEPXHOCTH
TIOYBEI B IIOCJIEYBOPOYHBIN ITEPHOT

AHHOTAIHS

B crathe paccMOTpeH Ipolece yaadeHHs MyITbUHpYIOIIEH IUIEHKH B IOCIEeYGOPOdHBII
mepuon. OGOCHOBAaHBI OCHOBHBIE IIapaMeTphl pPa3pabaThIBAeMOIO YCTPOMCTBA I yAadeHHS
MyJIBUHpPYIONTeH IUIEHKH B HOC/IeyO0podHBbIi mepro. ONHcaHBI METOIBI BBIIOIHEHHS PaboT Io
0G0CHOBAHHIO ITapaMeTPOB H Pe3YNIbTATh, IIOTyIeHHbIEe TEOPETHIECKHMH H SKCIIEPHMEHTaIbHBIMI
TYTAMH.

Kniouesuie cnosa: THOKHE OTHBHBIE JIEHTHI, KalleJbHOE OPOIIEHHE, MHKPOKITHMATHIECKHE
YCIIOBHS, My/IbUHPYIOITas IUIeHKa, YAaleHHe MOTHMEPHBIX OCTATKOB.

Beegenue

D¢ deKTHBHBIM HANpaBIeHHEM B IIPOM3BOJICTBE OBOIIEH M GaX4eBBIX KyIBTYpP Ha OTKPHITOM
TPYHTe SB/ISeTCS MY/IbYHPOBAHIE TOYBBI IVTEHOYHBIMH MaTepHATaMH H YKTaJAKa THOKHX ITOJHBHBIX
JIEHT U1 KAIeTbHOro OPOIIEHHS IOJ MyJIBUHpYIOIEeH IIeHKoH. Tak Kak 5TOT IPHeM II03BOIIET
COXPAaHHTh DAcXol IIOMHBHOH BOIBL, COKPAaTHTh CPOK BereTAllHH PACTEHHH, yBETHIHTb
TeMIepaTypy KOPHEOOHTaeMOTo CJOsS, YMEHBIIHTh 3aCOPEHHOCTh Mojleil Ge3 IpPHMeHeHHs
TepOUITHIOB H KaK CIIe[CTBHe, HCKIIOUHTH 3arpS3HeHHe II0YBBI TOKCHIHBIMH BelllecTBaMHu [1, 2].

Ilo pesymbTaTaM HCCIeIOBAHHH aBTOPOB CTaTbH MpPENIOKEH CIIOCO0  yHaleHHST
MYJIBYHpYIOIEH IIEHKH C PACTHTENbHBIMH OTXOJAaMH. IIpH 3TOM pacTHTeIbHBIE OTXONBI BIIOIHE
MOT'YT GBITh HCIIOJIb30BaHBI B KA4ECTBE €CTECTBEHHOH MYJIBUH B IIOCIIEYGOPOUHEIH IIEPHOJ YPOKas.

VnaneHne My/Ib4HpYIOMIEH IIEHKH IoCIe YOOPKH ypoikasl SBISETCS OTHHM H3 TPYIOeMKHX
TIPOIIECCOB, IO Pe3yIbTaTaM XPOHOMETPAKHBIX JTaHHBIX aBTOPOB NAHHOH PaGOTHI OHO COCTAaBIIAET
64 derm*dac/ra, IOSTOMy MpellaraeTcsi IONTYHaBECHOE IPHIENHOE YCTpofcTBo. JlaHHOE
YCTPOICTBO BBHINONHSET KOIIEHHe CTeGIeH OBOIIHBIX PACTEHHH, BHICTYIAIONIHE Yepe3 OTBEPCTHS
MYJIBYHpYIOIIEH IIEHKH Ha IOBEPXHOCTH (PHCYHOK 1). CKOIIeHHAs Macca H APYrHe MOCTOPOHHHE
TIpeIMETHI II0NafaloT Ha IOBEPXHOCTB IO, TAe OblIa yaadeHa My/IbUHPYIOITas IIEHKA IO CIeTy
arperara [3].

IIpu ypaneHHH MyIbYHPYIOIIell IUTeHKH M THOKHX JEHT KalleTbHOIO OPOIIEHHS OCHOBHBIMH
HeJOCTaTKaMH SBJISIOTCS: HCIIONIb30BaHHE PYIHOIO TPYAA; CI0KHOCTh KOHCTPYKIIHH (IOPOTOBH3HA
000pyNOBaHHS); BBIIONHEHHE OIEPAllHH B HECKONBKO IIPOXOJOB PA3HBIMH MAIIHHAMH;
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HEBO3MOXHOCTb HCIIONB30BaHUA MaTe€pHalla IIOBTOPHO; HCIIO/Ib30BAHHE JOMOIHHUTEIIBHOIO
OIlepaTopa, 9TO CHIKAET TEXHUKY 6e30I1aCHOCTH.

1 - MeXaHM3M IIPHBOJIA; 2 - PEKYIIUI anmapat; 3 - I0YBOYJAIHTeNb; 4 - MyIbUHpYIOas IUIeHKa; 5
- HAKJIOHHBIH TpaHCHopTep; 6 - 6apadaH A1 HAMOTKH IIIEHKH ¢ OCTPHIMHU ITAIbIIaMH; 7-CKOIIEHHAsS
Macca.

PucyHok 1 - CXeMsI arperaToB JULS HHTeHCH(UKAIUH IPOH3BOACTBA OBOLIEH.

C y4eToM HEJOCTATKOB CYIIECTBYIONIHX YCTPOHCTB, pa3pabOTaH 5KCIIEPHMEHTAIbHBIL
oGpasel 111 MeXaHH3HPOBAHHOTO CIIOCO0A yIaIeHHs HCIIOMb30BAHHBIX MOTHMEPHBIX OTXO0JOB I
COKpAIIleHHs BpeMeHH YOOPKH MyITbUH.

IIpemnaraeMoe HOMYIPHIEIIHOE YCTPOHCTBO (PHCYHOK 1) IpelHasHa4eHO I yHaleHHS
HCIONIB30BAHHON MY/IBYHpYIOIeHl IUIeHKH IyTeM HaMaTBIBAHHA Ha 0apaGaH C OJHOBPEMEHHBIM
YHaTeHHeM PAacTHTENbHOH Macchl BBIPACTAalOIHE dYepe3 OTBEpPCTHS B IUIeHKe. J(I1 KOIIeHHS
PACTHTENBHOI Macchl B IepelHell 9acTH YCTPOIHCTBA YCTAHOBIEHHBI PEXYIIHE HOXKBI, KOTOPHIE
npuBojsrcs oT BOM TpakTtopa. [l HAMOTKH MyIb4HpYIOIIell IUTeHKH M THOKHUX IOIHBHBIX JIEHT
GBI BBIOPaH MEXaHH3M HAaMOTKM C HIObYaTBIMH IadbllaMH Ha GapaGaHe. MronpyaTele IaibIbl
BEICTYNIAIOT II0 000Ay OapaGaHa Bo BpeMs HaMoTKH. CoOrlIacHO cXeMe, IpHBOJ OapaGaHa
OCYIIECTBIIIETCSA 3a CUeT 3alleIUICHHS C II0YBOH HIONBYATBIX IANbLieB OapaGaHa, M IUIEHKA H3
MYJIB4H HaAMATBIBA€TCS Ha IOBEPXHOCTH GapabaHa IPOKAIBIBAS MyIIbUY.

MarepHaJIbl H METOIBI 1151 000CHOBAHHS 0CHOBHBIX IIOKa3aTeleil ycTpoiicTBa

JUis 0GOCHOBaHHS KOHCTPYKTHBHBIX M TEXHOIOTHYECKHX IIapaMeTPOB YCTPOHCTBA JUIT
YHQTeHHs MyIbUHpYIONIell IUIeHKH (PHCYHOK 1) IO  BBIIIETIEPEYHCICHHBIM OINEpAIHIM
TIPeyCMAaTPHBAINCh CIeTYIONIHe BHIBI PaGOT: OIpeleIeHHe YCHINS HATSDKEHHS MYTbUHpYIOIIeH
IUIEHKH BO BpeMs HAMATBIBAaHHS Ha 0apaGaH; TEeCTHPOBAHHE MEXaHH3MOB IIPHMEHHTEIFHO K
YITeHHIO MY/IbYH U TIOTHBHBIX JIEHT.

Onpebeﬂeyue Yeunua HamaAxdceHus My/lzzlmpy;omeﬁ NJ1eHKU 60 6pemMA HaMamovleéaHus Ha
6apaban. YUTHIBas, 4T0 Ha GapaGaH HaMaTHIBaeTCsS HeBecOMas JeHTa Ha HAKIOHHOMH IIOCKOCTH
CyMMapHO# cHIoif P (32 cueT NaBIeHMS HATSKCHHSA IUIEHKH C PACTHTENbHBIMH OCTaTKAMH H
OCTaTKAaMH IIOYBBI) Ha TPAHCIOPTEP M IIPH STOM IIOSBISETCS CyMMapHas CHIIA HOPMAIbHOH
peakiiii R Ha TOPH30HTATBHOM ydacTKe (pHCYHOK 2). Co CTOpPOHBI KOpITyca arperata JeiicTByeT
Ha GapabaH cuia IepeMeleHHs Q II0 TOPH3OHTAIBHOH IUTocKOCTH. ITocie TOPH3OHTAIBHOTO
Y4acTKa OCTaTKH PACTUTEIbHBIE H IOUBHI OTACILIIOTCS, IIeHKa CTAHOBHTCS IIOYTH HeBeCOMOH. IIpH
5TOM HOSABIIAETCS CHIIa TPEHHS CKOMbKeHHUS Frc Ha HAKIOHHOI MOBEPXHOCTH.

e
Puc. 2 - CxeMa BO3/1eHCTBHSA CHJI B IIpollecce HAMAaTBIBAHHS
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JUIs pelleHHS paccMaTpHBaeMOil 3aJadH ciIedyeT NPHHHMATh, YTO KATYIIKa COBEpIIAET
BpamaTelIbHOe IBHJKEHHE. B HadaubHBII MOMEHT CHCTeMa HAXOIHTICS B IoKoe. HeoGxommmo
OIpENENNTh CIITY HATSUKEHHA Spar, KOTOPas CTPEMHTCS Pa3opBaTh TeHTy. Korga cucrema mpoiinet
TyTh / CKOPOCTH JEHTHl yPaBHOBEIIHBAeTCS H OyJIeT V=COonst, COOTBETCTBEHHO YIIOBas CKOPOCTH
GapaGaHa Takke OydeT IocTosHHas (We=const). CocTaBifeTcs YypaBHEHHe H3MEHEHHS
KHHETHYECKOH SHEPTHI CHCTEMSI [4].

YieaT = XkoaTo = LR ACFR) + Z£:1A(Fki:)- ©)]

Tak Kak KaTylIKa SBISeTCS HeH3MeHSeMOoHl MaTepHaIbHOH CHCTeMOH, TO cyMMa paboT
BHYTPEHHHX CHII PaBHO HYIIIO, H IO3TOMY MOJKHO 3aIHCaTh

YierT = Xke1To = Xi AFD). @

H300pa3nM BHEIIHHE CHIIBL, IIPHIIOKEHHbIE K KaTyIIKe:

P=mg - cua cOGCTBEHHOTO Beca;

R - HOpMaIbHAs PeaKIUs ITOCKOCTH, CMellIeHHas OTHOCHTEIIBHO ieHTpa Mace C KaTyIIKH Ha
BeTHUHHY K09 HITHEeHTa TPeHHS KadeHHS f; B CTOPOHY JABH/KEHHS.

F - peaxIis IOMH3THICHOBO! ILIEHKH, PaBHAs 110 MOJYIIIO CHJIE, IPHIOKEHHEBII K JIeHTe.

Frp— CHJIa TPEHHUS KaTYIIKH O TOPH3OHTAIBHYIO ILIOCKOCTD.

JanmM, nentpy Mace (C) KaTyIIKH SIeMeHTapHOe IlepeMeIleHHe ds, HalpaBJIeHHBIE II0
TOPH30HTAII HANIEBO. YUHTHIBAS I0JI0KEHHE MTHOBEHHOTO IIEHTPA CKOPOCTel, HMeeM

ds =rd¢ 3)
PaGoTra BHENTHUX CHI Ha 3JIEMEHTAPHOM II€pEMENICHHH d S BEIMHCISETCS KaK cyMma:
8A = 8A(P) + SAR) + SA(F) + SA(Ey) + 6A(Q) 4)

Tak Kak nepeMelieHHe meHTpa Macc C 110 BePTHKAIM OTCYTCTBYET, TOTJa padoTa OT 3TOH
CHIIBI PaBeH HYIIO
§(P)=0
DlleMeHTapHas padoTa peakius R paBHa: §(R) = —Rfdp. PaGora oTpHIATENIbHO, BUIHO,
uTO CHTa R CTPeMHTCS MOBEPHYTh KATYIIKY BOKPYT MIHOBEHHOTO HEHTpAa CKOPOCTeli ¢ B
TIPOTHBOIOJIOXKEHHYIO CTOPoHY dg. Tak kak R = P — Fsin @, To IpHHUMAas BO BHEMaHHA (pOpMyTy
(3) HaxoauM paGoTy oT R
8(R) = —(P - Fsna)fy . 5)

Cura TpeHHs Frp He coBepIIaeT paGoTy, MOCKOIBKY ITPOXOIUT depe3 MIHOBEHHBIH LEHTP
CKopocTeii p, 6A(Erp) = Fypvodt = 0.

Jlantee ompeeuM 31eMEHTapHYEO PadoTy ciisl F. BriGpaB 3a momoc Touky C, 3armmmmmeM

SA(F) = FdS + m.do, (6)

e d S — BeKTOp 3IeMeHTapHOro IepeMelleHHs ieHTpa Mace C;

M- MOMEHT CHITBI R OTHOCHTETbHO OCH, IPOXOJIsiIITelt uepes Touky C MepIeHHKyIAPHO K
HETIOJIBHKHOIT IUIOCKOCTH, T.e. m, = Fr toraa: A(F) = FdScosa + Frde. Yaursisas Gpopmyy
(3) momyunm SA(F') =F(cosa+1)ds. Pabora or cum Q:8A(Q) =QdS. Tocne
TIOJICTAHOBKH 3HAYEHHS 3IeMEHTAPHBIX Pa0OT OT KaKIOH CHJIBI MOXKHO BHIPA3HTB OOIIYI0 paGoTy
Ha 3JIeMeHTapHOM IepeMelIeHH i dS.

84 = [F(cosa + 1) — (P — Fsna) 2 + 0] ds. @

JUI1 onpesielIeHHst CYMMBI Pa0OT BHEIIHHX CHII Ha IIepeMeIleHHH [IEeHTPa MacC Ha BeIHIHHY
S crenyeT HHTerpHpOBaTh GyHKIHIO (7) B mpezenax ot 0 10 S:

n

o 1
Z A(Fg = f [F(cosa' + 1) — fx(P — Fsina) 7t +Q] ds
k=1 0
TIOCTIe HHTETPHPOBAHHS MOKHO 3aIlHCATh
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$iy AFG = [Fcosa + 1) — fi(P — Fsina) + +0] 5. ®)
Jlatee BBIUHCISETCS KUHETHYecKas OSHepPrus Karymku (GapaGaHa). IIOCKONBKY B
TIepPBOHAYATBHOM IIOJIOKEHHH KaTyIIKa ObLIa B IOKOE, KHHETHIeCKas SHEPTHs 3TOTO MOTOKEHHS
T:1=0.
Kunetrdeckas sHEPIHsi B KOHSYHOM COCTOSIHHH KATYIIKH OIHCHIBAeTCS BRIPaKCHHEM

1 1
T, = =mv? + = T.w?,

2 2
= 2 — Y
e [ =mp?, w = -5 cleN0BATENbHO,
T, = %mvcz + %Icwz. ©)

IloncraBuB 3HadeHHs ypaBHeHuil (8) u (9) B ypaBHeHHe (2) M PELINB OTHOCHTEIbHO F
HAXOJHM CILTY IPHIOKEHHYIO K 6apabaHy co CTOPOHBI ILICHKHU IOy IHM

2
%mvcz (1 + %) = [F(casa' +1)— ka (P — Fsina) + Q] S,
ciia F BBIPA3HTBCS B TAKOM BHJIE

o2

— 25

F= Tk
cosa+1+

(1+’§) mv}+(’7’)2

Tk ginaTkpiTkq 25[c05u+1+f—k(sinu7P+Q].
T PP T

(10)

VpaHenne (10) oOmHCHIBaeT KacaTelbHYI0 CHIYy K OapabGaHy, KOTOpas SBISETCS
SKBHBAJICHTHBIM CHIIBI HATSDKCHHS ILICHKH.

Tecmuponanue MexXaHu3mMoe NpuMeHumenIbHo K yaaﬂeymo MYIbYU ¢ NOGEPXHOCHU NOYEbI.
Tocne MpOBEeNEHHBIX TEOPETHUECKHX HCCIENOBAHHI OBUIM TECTHPOBAHBI OTHENBHBIE MOKA3aTEIH
MeXaHH3MOB Pa3pabaTEIBAeMOro YCTPOHCTBA Ha MOYBEHHOM KaHAle M Ha MAaKeTHOM obpaslle B
TOTeBBIX yCHOBHAX. IIPH 3TOM ompelensiack TpeGyeMas MOIIHOCTh SIeKTPOIBHIATENS JUIT
TIPHBOJA IEPEeIBUTAeMOro YCTPOMCTBa Ha IOYBEHHOM KaHale. IIepeIBHKHBIM YCTPOHCTBOM B
TI0YBEHHOM KaHaJle SIBIeTCs IIaTdopMa, pasMellleHHas Ha Pelbce IOYBEHHOTO KaHasa (PHCYHOK 3).
H3MepeHne KPYTALIET0 MOMEHTa POBOIUIOCH H(POBEIM axanTepoM GROSS.

IIpoBommIach Takke HPOBepKAa yOaleHHS MyIbdYH IIACCHBHEIM Da0OYHM OPTaHOM Ha
TIOYBEHHOM KaHaJle H B IOJIEBBIX YCIOBHSX. [l IPOBeNeHNS TEeCTHPOBAHMS B IOJNEBBIX YCIOBHSIX
OBLT H3TOTOBIEH MAaKeTHBI oO0pasell YCTPOHCTBA C COOTBETCTBYIOIIHMH ITOKa3aTeJLIMH

HCCIIETOBAHHUA.
0)

a) H3MepeHHe KPYTSAIIEro MOMEeHTa; 6) IIpoBepKa PaGOTOCIIOCOOHOCTH MEXaHH3Ma YOOPKH MY/IbYH
PrcyHok 3 — MICIIBITaHHS Ha IIOYBEHHOM KaHAJIe H B IIOJIEBBIX YCIOBHAX:

Pe3yabTaTHI HCCIeI0BAHNI H 00CyKIeHHe

TecTupoBaHHe PaGOTOCIIOCOGHOCTH MeXaHH3Ma JUIS HaMaThIBaHHSA MYIbUH B JJaGOPAaTOPHBIX
YCIIOBHSIX IPOBOIHIOCH C IETBI0 BBISBICHHS HEIOCTATKOB PaGOUMX OPraHOB IIPOEKTHPYEMOTO
YCTpOIICTBA M OINpeNeNleHHs yIeTbHOIO CONPOTHBICHHS MEXaHH3Ma HAMOTKH IUIEHKH. MeXaHH3M
HAMOTKH IUTEHKH B JJAGOPATOPHBIX YCIOBHAX IOKA3AI €I0 JKH3HECIIOCOOHOCTH B IpeeraX MOYBEHHOTO
KaHaJa NpopaboTaB 6e30TKAa3HO HPH Pa3IHYHBIX CKOPOCTAX IUIATOPMBL YIelbHOEe CONPOTHBICHHE
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GapabaHa IPH IIPOBePKe Ha IOYBEHHOM KaHajle OTKIOHLIOCH B Tpefieax 10 - 12% oT TeopeTHdeckoro
pacdera. ONHAaKO H3-32 OIPaHHYEHHOCTH JUIMHBI IIOYBEHHOTO KaHAla CJIeJOBAT0 IIPOBEPHTH
YCTPOHCTBO B IOJIEBBIX YCIOBHAX Ha Pa3pa00TaHHOM MaKEeTHOM 0GpasIie.

PaGoTa MeXaHH3Ma HAMOTKH C HEaKTHBHBIM IIPHBOJIOM BBITOTHSIINCH Ha Y4acTKe JUIHHOI 10
50 M IIOTOKUTENBHO (0 3aI0IHeHHSs 6apabaHa HAMOTKH), a B JajbHefiIeif paGoTe GbLTO BBIIBICHO
3aBHCAaHHE MY/IbUUPYIOIIeH IUIeHKH, YT0 He 00ecIeunBaIo HAMOTKY Ha GapadaH.

JUIS yCTpaHeHHs HENOCTATKOB MeXaHH3Ma HAMOTKH MpPEIOKEeH AKTHBHBIH MeXaHH3M,
TIPUBOJMMEI OT THAPOIPHBOJA M OOeCHedHBAIOIMI aBTOMAaTHYeCKHIl cOpPOC HAMOTAHHOTO
GapabaHa MyIb4IHpYIOIIei! IIeHKoi H THOKOMH MOIMBHOII JIeHTOl Ha X0y arperata. OTH J0PabOTKH
He H3MEHAT OCHOBHOH IIPHHIIMII CaMOTO YCTPOHCTBA M €ro TIeOMeTpPHYeCKHe IIapaMeTpsl,
060CHOBAHHBIE TEOPETHYECKUM H SKCIIEPHMEHTaIbHBIM ITyTeM.

BoIiBobI

OTedecTBeHHBIT H 3apyOeKHBII OIBIT BBIPAIMMBAHMA OBOIEH IIOKa3bIBaeT, dYTO
MY/IBYHPOBAHHE IIOYBBI ITOTHATHICHOBOH IUIGHKOH CIIOCOOCTBYET: COXPAHEHHIO BIArH H
TEMIIePaTypHOTO PeXHMa B II0YBE; IIOJABICHHIO Da3BHTHS COPHBIX PAacTeHHH IOX MyIbYei;
COXPAaHEHHIO HAIINOYBEHHOH YaCTH DACTEHHH OT OXOra HCIIApSeMOH BIIaTH IIPH BBICOKOIL
TeMIepaType.

B mocneyGopodHBIi NEepHOX IS MOATOTOBKH IONS K CIEAYIOINeH IIOcajKe, SBISETCS
IenecooGpa3HBIM YaTeHH e MOTHMEPHBIX OCTaTKOB, KaK PaHee HCIOJb30BAHHYI0 MYIbUHPYIONIYIO
TUIEHKY H THOKHX ITOJIMBHBIX JIEHT OPOIIEHHS.

IIo pesymbTaTaM HCCIENOBaHHSA INpEMIOKEHa HOBas CXeMa YCTPOICTBAa I yHaleHHST
MYJIBUHpYIOIEHl IUIEHKH C ITOBEPXHOCTH IIOJIA, IO3BOJISIOINEE AaBTOMATH3HPOBATh OT/EIIBHBIE
OIlepaIiH 6e3 YIacTHs BCIIOMOTaTeIbHOTo Pabodero.

IIpoBeneHa mgaGopaToOpHas H IIONeBas IIPOBEPKAa pa3pabOTAHHOrO MAaKETHOTo oOpasia
ycTpoificTBa I yHaleHHS MyIbYHPYIONIeH IUICHKH H THOKHMX IIOMHBHBIX JICHT, BBISBICHEI
HeJOCTaTKHU I JalbHelmIeil TopaGoTKU.
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! Kasax ynmmuix aspapnvix yuueepcumenmi
20n-@apabu ameindazer Kazax ynmmeix yrueepcumeni

JKUHAYTAH KEMIHIT KE3EH/IE TOILIPAK BETIHEH JKABBIH/IAVIIEI YIIIIPII
JKUHAIT AJTTY 6] MEXAHVKATTAHJIBIPY

AHHOTAIHS
Makamafa JKHHAayJaH KefiHI1 KeseHIe JKaOBIHOAYIIB! YIMpPAI JKHHAII aly IPOIECCh

KapacThIpblUIFaH. JKiHayIaH KefliHri Ke3eHe KaObIHAAyIIBl YIAIP/l JKHHAI aly YIIIH d3ipJleHeTiH
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KYPBUIFBIHBIH HETI3I1 [TapaMeTpiepi HerisenreH. TeopHsIIbIK aHe SKCIIePHMEHTAIIBI K 0IIapMeH
QIBIHFAH HOTIDKETep MeH IapaMeTpiepli Herisjey GOHBIHIIA JKYMBICTAapABI OPBIHIAY dicTepi
CHIIATTaJIFaH.

Kinm ce30ep: HiITinI cyapy Taclalapbl, TAMIIBUIATHII Cyapy, MHKPOKIHMATTHIK JKafHaiinap,
JKaOBIHIAYIIB! YIIIP, HOIHMEPIIK KaTIBIKTapIbl KO0,

Niyazbayev A.K'., Akhmetkhanova G.A'., Nikolaeva K.N.?

!Kazakh National Agrarian University
2Al-Farabi Kazakh National University

MECHANIZATION OF REMOVAL OF THE MULTI FILM FROM THE SOIL SURFACE ON
POST-TREATMENT PERIOD

Abstract

The article describes the process of removing the mulch film in the post-harvest period. The
main parameters of the developed device for removing the mulch film during the post-harvest
period are substantiated. The methods of performing the work on the substantiation of parameters
and the results obtained by theoretical and experimental methods are described.

Keywords: flexible irrigation tapes, drip irrigation, microclimatic conditions, mulch film,
removal of polymer residues.
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Hypaianeba AT.
MX [lynamu amvinoaser Tapasz memnexemmix yHueepcumemi

AFBIHJIbI CYJIAP/IBIH KYPAMBIH/IAFB] 3HSAH/IB JKOHE YJIBI SATTAPIIAH TA3APTY
KAJKETIHE BAMIAHBICTEI JEHT EAIH ECELITEY

AHmaTma

Makanaza AFBIHIBI Cy/TapAbIH KYPaMBIHIAFI 3HSAHIBI KoHE YIIbI 3aTTapaH Ta3apTy KaKeTiHe
GailIaHBICTBl JIEHTeHiH ecelnTey KOIMAphl JKOHE CYHBIH ajaM eMipiHe MaHbI3JIBLIBIFBI KaibIHIA
YCBIHBUIANBL. AFBIHIBI CyTapAbl Ta3apTyAbIH KaKeTTi NeHTefliH IYPHIC aHBIKTAy JKOHE AFBIHIBI
CyJIap/IbIH CaIlachIH Kajlail Garaay KaKeTTUTir. 3aTTapIblH KOHCEPBATUBTI eMec Koo GHIneHTTepl
KapacTBIPBLIIBL.

Kinm ce30ep: atMochepa, aFbIHIBI CylIap, yIIbl 3aTTap, CAHUTAp, KapOOHAT, KOHCEPBATHBTI,
cy6crannus, Cy pesepByapiapbl.

Kipicme

Taburat GailTBIKTaPbIHBIH —6MIpiMi3ie MaHbI3IbI TYPIepiHiH Gipi-cy. Cy TIPIILTIK KO31,CyCchI3
€NIKAHMAM 1a OMIp JKOK.

Cy JKallllbl FalaMIUapIblK JeHrefiie capKbUIMAiITHIH pecypeTapra jKaTaipl. OHTKeHI OHBIH
JKQJIIBI FaJaMITapIaFs! MeJIIIepl MyXHT, aTMoc(epa dHe KYPBUIBIKTA YHEMI JKYPIIl OTBIPATHIH Cy
affHaJTBIMBI HOTHIKECIH/IE TOJBIKTHIPBUIBIN OThIpanbl. Cy FaltaMImapbIMbI3abE 70,8% GeIiriH aibln
skaThIp. Coll cebenTi cy KofiMachlHa XKiOepUTeTiH aFbIHABI CyTapib AeHCayIBIFBIMBI3Fa Tepic acepin
THT130efTIHIeH Toperke/ie Ta3apTHLUTYbI THIC.

AFBIHJBI CyTapIbl Ta3apTyOblH KaKeTTi NeHTeiH NYpHIC aHBIKTAy YINIH 9P JKaFdaina
OJNapIBIH KejeMi MeH KYpaMblHA, COHJAH-aK, JKEPTiNKTi THAPOTOTHATBIK KOHE CAHHTApIBIK
JKaFfafinap/pl CHIATTayFa MYMKIHZIK GepeTiH, ¢y KOfIMaCBHIHBIH er’KeH-Terkeill 3epTTeyiepiHeH
QIBIHFAH JepeKTep Typaisl TOBIK aKIapaT KaxkeT.
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FBUIBIMH KYPHATBIHBIH Pe/JAKIHS ATKACBHIHBIH MYIIedepi
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CyaeiivenoBa H.IIL., a.-iwf. 1., mpodeccop.
ZKamapky.aosa E.JI., a.-ILf k., mpodeccop.
Cyaeiivenos ZK.7K., 5.£.1., mpodeccop, KP ¥FA akazemuri.
Kepnamosa VK., 5.£.10., mpodeccop.
10. Mycradaes K.C., T.£.1., mpodeccop.
11. Aabneiicos IILA., a.-ILF. 1., mpodeccop.
12. Busime B.K., B£.11., mpodeccop.
13. OcnanHoB A.A., T.: npodeccop.
14. CepukdaeBa A L., 6.5.11., mpodeccop.
15. 3aman6exoB H.A., B.F.1., mpodeccop.
16. Acanos H.T., B.£.1., mpodeccop.
17. Armbae A.JK., 6.5.k., mpodeccop.
18. BektanoB B.K., T.F K., JIOIIeHT.
19. Oueituenxo C.H. a.-ILF. 1., mpodeccop.
20. Kentoaes E.JK. a.-m.: npodeccop.
21. Abgpaxmanos B.K. T.£.1., mpodeccop.

ettt et ol ol ol

Pexaxknusabik Kenec

1. AnTanac Masmisyckac- Anekcaapaca CTyIbrHHCKHCA aThIHIAFbl YHHBEPCHTET, JIHTBA.

2. Poimapa Topenxnii - OnbmreiEaeri Bapmuncko-Masypekuit yHHBepeHTeTi, ITombima.

3. Xpuctana I'eopruepa SIHveBa — ATpapiblK YHHBEPCHTET, ILTOBIHB K., BonrapHs.

.Sun Qixin - KpITaif aysUTmayasUIbK YHEBepCHTeT, Kprrait.

5. Hpuna ITniBepe —JIaTBHA aybUINIAyalIbUTbIK, YHHBEPCHTET], JIaTBHA.

6. Jaumnr Moxnx Hasup lanar Hopaxuym - ITaxaHT yHHBepCHTeTi, Manaif3ns.

7. Enena Xopcka - Hutpanars! CIIOBaKHA arpapiIbK YHHBEPCHTET], CIOBaKHA.

8. JIu, Konr JoHr - KeHr6yKk YITTHIK YHHBepCHTeTi, Kopes PecIryGimHKacsL.

9. Sarapao Kopamanu - OIOPEHIHA YHHBEPCHTET, Tamma.

10. Koosmmuc ITetpac - YIpHX yHHBepcHTeTi, Huepanas!.

11. Moxammag Badaxycr - MnnuHoiic yruBepenTeTi, CIIIA.

12.¥Oc Anmsa ¥Ocy - ITyrpa yHEBepcHTeTi, Mamaisms.

13. JIpBax ApHHE - DcToHHA JKapaTbUIBICTaHy FBUIBIM/ApEl YHHBepcHTeTi, cToHmA, TapTy

14.3oauna F'annaa JvatpreBra- KA. THMHps3eB aThIHIarbI Peceil MeMICKETTIK arpapiblK,
YHHBEPCHTETI.

15.Bacaiesnd Perop MBanoBmd - K.V CkpsAGHH aThIHIAFB! MacKey MEMIICKETTiK BETEPHHAPHAIBIK
Me JHI[HHA JKoHe GHOTEXHOIOTHA aKaIeMHsiCchl - MBA.

16. Haxonaenko Ctanncaas HukoaaeBHd - VKpaHHa GHOpecypcTap XoHe TaGHFAaTTHI TAHIaNaHy YITTHIK
YHHBEPCHTETI.

17. Canam3sona Amony.10 Paiisy.io - Iupurmrox IloreMyp aTsiHIaFs TOKIK MEMIESKETTIK arpapiblK,
YHHBEPCHTETI.

18. Baxan Basepnii BacuibeBHd — MoI0Ba MeMIEKETTIK arpapiIblK YHHBEPCHTETI.

19. Hyprasaes PoicOex 3apbLiabikoBHy - K.J1. CKpAGHH aThIHIAFbI KBIPFbI3 MEMIIEKETTIK arpapibiK
YHHBEPCHTETI.

20. ixadapos Hoparam Iacar Oribl - A3epOaibkaH MEMISKETTIK arpapiIblK YHHBEPCHTETI.

21.Boakos Cepreii Hukomaesn - Kep pecypcTapsin Gackapy skeHiHaeri Pecelf MeMIEKeTTiK arpapiibK
YHHBEPCHTETI.

22. TapBepasia Apmiatyiic IlorocoBHY - ApMeHHA ¥IITTHIK arpapiIbK YHHBEPCHTETI.

23. CackeBru IlaBex AnekcanapoBHY - bemopyccus OKTAGP PeBOIOLHACHHBIH OpAeHAepi xkoHe Exbex
Kespun Ty aybUIIIapyanIbUIbIK akaleMHICHL.

24. a0 UBan HakoaeBnd - Benapych MeMIEKEeTTIK arpapiIbIK-TeXHHKAIBIK YHHBEPCHTETL

25. HemypaTo Cadut BopucoBra — M. Jlyn1aToB aThiHaFbl KocTaHai HIDKeHEePIIiK-9KOHOMHKAIBIK,
YHHBEPCHTETI.

26. babymkua BaguM AHATOIbeBHY — MHIyPHH MEMIEKETTIK arpapIiblK YHHBEPCHTETI.

27. CynaiiMoHOB BoTHpPKOH AGTYIIyKYPoBHY - TalIKeHT MEMJIEKETTiK arpapiblK, YHHBEPCHTETI.

28. Ymyp3akoB Ykram IIapaaeBnd - TalllKeHT aybUIIIapyaIIbLIbIK CYTAaHABIPY JKOHE MEXaHH3aIHA
HHCTHTYTEL

29. TemupGexoBa JKanap AMaHreIXiKbI3bI - EypasHs TeXHOIOTHSIBIK YHHBEPCHTETI.
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‘UiieHbI PeJAKIHOHHOM KO/LTerHH HayYHoro ypHaaa KasHAY
«@37enicTep, BoTIKeMep-F CCTETOBARHSL, PE3YIBTATHD

TaaBHbIi pexakTop - Ecmosos T.H., 1.5.H., npodeccop, akaaeMHK, BHue-pesuaeHT HAH PK

PEJAKIIHOHHAS KOJUIETHSA
. Tapeyos K.M., 1.5.H., mpodeccop, akagemuk HAH PK (3aM. I71. peJakTopa)
. Hcaamos EHL, 1.c-X.H., (3aM. I7I. pefakTopa)
. Xasamos M.IK., K.T.H., mpodeccop
. AtbixasoB A.K., 1.T.H., mpodeccop
. Kaaabibaes C., 1.c-X.H., podeccop
. Cyaeiimenosa HLIIL., j1.c-X.H., mpodeccop
. Kamapkyosa E.JI., k.c-x.H., mpodeccop
. Cyaeiivenos K., 1 , mpoeccop, akagemux HAH PK
. Kepamosa VK., 1.5.H., mpodeccop
10. Mycradaes JK.C., 1.T.H., npodeccop
11. Aabneiico IILA., 1.c-X.H., mpodeccop
12. BusimeB B.K., 1.8.H., mpodeccop
13. OcmaHoB A.A., I.T.H., Ipodeccop
14. CepuxbaeBa A.Jl., 1.6.H., mpodeccop
15. 3aman6exoB H.A., 1.8.H., mpodeccop
16. Acanos H.I'., 1.B.H., mpodheccop
17. ArmbaeB A.2K., k.6.H., mpodeccop
18. BektanoB B.K., K.T.H., JIoeHT
19. Oseitgenxo C.H. 1.c-x.H., mpodeccop
20. Kent6aes E.2K. 1.c-x.H., mpodeccop
21. Abgpaxmanos B.K. 1.5.H., mpodeccop

LAY W=

Penaknnonnblii CoBer

1. AnTarac MasHasiycKac- YHHBEPCHTeT HM. Anekcanapaca CTylIbrHHCKHCa, JIHTBa

2. Pormapa Topenknii - Bapmuncko-Masypekuit yHHBepCHTET B OnbmTeiine, ITonbira

3. Xpuctuna I'eopruesa SIHveBa - ATpapHBIH YHHBepCHTeT I'. I110BaHB, Bomraprsa

.Sun Qixin - KaTalcKHif celbcKOX03AHCTBEHHEIH YHHBepCHTET, KHTait

5. Hpuna IInisepe - JIaTBHHCKHIT CeTbCKOXO3AHCTBEHHBIH YHHBEPCHTET, JIaTBHA

6. Jamnr Moxa Hasup Jlanar Hopaxum - VausepcHTeT ITaxanr, Manaisua

7. Enena Xopcka - CIoBalKHif arpapHbIif yHHBepcHTET B HuTpa, ClIoBaKHA

8. JIu, 7Konr JloHr - KeHrGyKCKHil HAllHOHAIBHBLH YHHBepCcHTeT, PecryGimka Kopes

9. Sarapao Kopamanu - OIOpeHTHHCKHH YHHBEpCHTET, MTamma

10. Koommuc Ietpac - VEHBepcHTeT YTpHX, HHneprasas

11. Moxammaa Badaxycr - VausepcuTer Mmmaroiic, CIIIA

12.¥Oc Anmsa FOcy¢ - Yausepcuter ITyTpa, Manasus

13. I3 ApHH - SCcTOHCKHIT YHHBepcHTeT ECTeCTBEHHBIX HayK, DCToHHA, TapTy

14. 3oamna I'ainaa JIMATpHeBHA- PoccHICKHI rocy1apCTBEHHBIH arpapHbli yHHBepcHTEeT - MCXA HM.
K.A. TuMHps3eBa

15. Bacnaesnd Peop HBaHOBHY - MOCKOBCKAsA IocyJapcTBEHHAA aKaJeMHA BeTePHHAPHOH MeIHITHHEL H
6HoTexHONIOrHE — MBA HM. K11 CkpabuHa

16. Haxonaenko Ctanncaas HukoaaeBnd - HallHOHAIBHbIH YHHBEPCHTET GHOPECYPCOB H
TPHPOIOTIONB30BAHHA VKPAHHBL

17. Canumsona AMony:LI10 PaiisyLto - TaUKHKCKHIH TOCY1apCTBEHHBIH arpapHbIi YHHBEPCHTET, HM.
Inpuamox MloTemyp

18. basan Bajepnii BacuibeBHY - ['0cy1apcTBeHHbIH arpapHbIi YHHBEPCHTET MOTIOBE

19. Hyprasues Pricoek 3apbLIIbIKOBHY - KHPIH3CKHH rocy1apcTBEHHbIH arpapHbIil YHHBEPCHTET, HM.
K. Cxpsbuna

20. Jixadapos Hoparam T'acar Oribl - A3epOaiifuKaHCKHI TOCY1apCTBEHHBIH arpapHbIH YHHBEPCHTET

21.Boakos Cepreii HukomaeBHd - PoccHICKHIT rocyJapCTBEHHBIH arpapHBIH YHHBEPCHTET 110
3eMIIEYCTPOHCTBY

22. TapBepasH Apmaxyiic ITorocoBny - HallHOHANBHBIH arpapHbIil YHHBEPCHTET APMEHHH

23. CackeBru IlaBex AsekcaHApoBHY - Bemopycckas rocyapcTBerHas OpaeHoB OKTAOPbCKOH
Pepomonuu 1 Tpyjosoro KpacHoro 3HaMeHH CelbCKOXO3AHCTBEHHAs aKaIEMHIT

24. IlIn;to HBan Hako1aeBHY - Benopycck il rocy1apCcTBEHHBIH arpapHBIH TEXHHYECKHH YHHBEPCHTET

25. HemypaToB CaduT BopucoBn1 - KocTaHaiCKHi HIDKeHEPHO-3KOHOMHYECKHH YHHBEPCHTET HM.
JynaTosa

26.badymkuE BagaM AHaToIbeBHY - MHIYPHHCKHH TOCYIapCTBEHHBIH arpapHbIi YHHBEPCHTET

27. CynaiiMoHoB BoTHp:K0H AOXymIyKypoBHY - TalIKeHTCKHH IOCy1apCTBEHHbIH arpapHbIH YHHBEPCHTET

28. Ymyp3akoB Ykram IIapaaesny - TalIKeHTCKHH HHCTHTYT HEDKEHEPOB HPPHTAIHH H MEXaHH3aIHH
CENBCKOTO X03AHCTBA

29. Temupoexopa 7Kanap AMaHreIbIHeBHA - EBpa3HHCKHH TEXHONOTHYECKHH YHHBEPCHTET
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VJIAJIEHUE MYJIbUAPYIOLEN IUIEHKH Y THBKOM ITOJIMBHOM JIEHTHI
MEXAHM3UPOBAHHBIM CIIOCOBOM C IIOBEPXHOCTH ITOJLS
B IIOCJIEYBOPOUHBIH ITEPHUO]T

Husiz6aeB A.K.l, Xa3umoB K.M.l, Cadapranunes A.E.l,
Basap6aesa T.A.2, Ypbivoaesa A.A.”

1 o o .
Kaszaxckuti HayuoHanbHbIll azpapHbili yHueepcumenn,

2 o .

‘Kasaxckuil HayuonansHuiil yHugepcumem um. aro-Papabu

AHHOTAIHS

B cTaThe paccMOTPEHO MPOH3BOICTBO OBOIIHBIX KYIBTYP ITyTeM HCIIOIb30BAHHS IOIHTH-
JIEHOBOH IUIEHKH I MyJIbYHPOBAHHS IOYBBI H THOKHX JIEHT KallelIbHOTO OpolleHHs. OIHHM H3
TPYZOEMKHX IIPOIIECCOB B IMPOH3BOJCTBE OBOIIHBIX KYIBTYp SBISETCS yHaleHHe MyJIbUHpYyOIeil
TIJIHKH H THOKUX IOJHMBHBIX JIEHT B II0CJIey0OpOYHBIil TepHoA. B naHHOi paboTe omHcaHbl METOMBI
JUI1 000CHOBAaHMS OCHOBHBIX ITOKa3aTesleil ycTpoiicTBa. Ienp paGoTsl - 060CHOBaHHE OCHOBHBIX
TapaMeTpoB YCTPOMiCTBA JUI yHAleHHS MyIbYHpYIOIleil IUIEHKH H THOKHX IOJHBHBIX JIEHT.
TloydeHHble pe3yIbTaThl HCIIOMB3YIOTCS IS BBIIONHEHHS PACUeTHBIX PaGoT IO ONpeAeleHHIO
TIapaMeTpPOoB.

Kniouesvie cnosa: Ilocanka paccaipl, THOKHE IONHBHBIE IIEHTHI, KallebHOE OPOIIEHHE,
MyIBYHpYIOIIAs ILIEHKA, YIaJeHHe IOTHMEPHBIX OCTaTKOB.

Beenenue

CyIIecTBEHHBIM Pe3epPBOM IOBBIIIEHHS TPOIYKTHBHOCTH H YIy4IIeHHS KadecTBa OBOIIHBIX
KyJIbTYP SBIETCS My/TBYHPOBAHHE IIOBEPXHOCTH IIOYBBI BOKPYT PacTEHHI ITOTHMEPHOH IIIEHKOM.
OHO oKa3bIBaeT BIMIHHE HA BOIHBIH, BO3AYIIHBIH H TEIUIOBOH PEKHMEI IIOYBHI, YTHETaeT COPHSKH,
HEeKOTOPBIX BpeauTeIeil i B30y auteneii 6onesnei [1].

JU1s Ipon3BOJICTBA OBOMIEH B MHPOBOH IPAKTHKE HCIOJIB3YeTCsl ITHPOKUI KOMILIEKC MAIIHH
u arperaToB. C BHeIPEHHEM B TEXHOJNOTHH IIPOM3BOICTBA OBONIHBIX KyJIbTYyp KOMILIEKCA
CIIeNHATH3HPOBAHHBIX MAIIHH OCHOBHBIE TEXHOJIOTHYECKHE IPOIIECCH] BBIIOTHAIOTCS 63 yJacTHI
Py4HOTO TpyHa. DTo oGpasoBaHHe IPAM, YKIaaka My/Ib4HpYOIeil IUIeHKH, JEHTBl KalelIbHOro
OpOIIEHHS, [0CEBa CeMSH, BBICAIKH Paccajbl, MeXIypsyIHas oOpaGOTKa IMOCEBOB H HACAKIEHHIT
[2,3].

COop KOPHEIIONOB H JTyKOBHI|, 3arpy3Ka BBIKOIIAHHOH IIPOIYKIHMH B TPAHCIIOPTHBIE
CpeJCTBa, CIUIOIIHOH cOOp TOMAToOB (COPTOB M THOPHIOB, KOTOPHIE BBIBENCHBI JUI1 MAIIMHHBIX
TEXHOJIOTHI) 3aBHCST OT BHa JalbHefillell mepepaGoTKH, H OHH MOTYT OTIHMYAThCS, a TEXHOIO-
THYeCKHe IPOIECCH IPOH3BOJCTBA OCTAIOTCS Gojee OGIIHMH.

JUts 5TOf LeMH CyIecTByeT NeMbli P KOMILIEKCOB MAIIHH PasIHYHBIX IPOH3BOIHTENEH.
DTH MAIIHHbI HMEIOT aKTHBHBIE H IIACCHBHBIE paGOUHe OpraHbl, GOPMHPYIOT 33 OXHH MPOXOX OT
ONHOH 10 Tpex IpsSa H OT JBYX A0 BocbMH rIpeOHeil. HamGornee mpejcTaBIeHHBIMH Ha
OTed4eCTBEHHOM PBIHKE IIPOH3BOIHTEIISMH PaccagollocafodHbIX MalHH SBILttoTcs Ferrari, Sfoggia,
Checchi & Magli, Hortech [4, 5].

IIporecc yaaneHus MyIb4HpyoIeil ITIEHKH IocIe YOOPOUHBIH IepHO MpeICcTaBiIieT co60it
OJHHM H3 TPYIOEMKHX IIPOIL[ECCOB COCTABILIONIEH 10 64 den.dac/ra. YUMTBIBAs, JOITHIT IpoIecc
Pa3I0KeHHs ITOTHMEPHBIX OCTAaTKOB BHYTPH IOYBBI, CO3IAIOTCS ONpeNeleHHble HeyNoOCTBa JUIL
HCIOIB30BAHUS MOYBHI (06PaGOTKa, Imocaka, HoIHB i ap.) [6, 7]. Kpome Toro, cTe6au pacTeHHi
CO3JIAIOT ONpeJIe/IeHHbIe CI0KHOCTH IPH yNAleHHH IUIeHKH. YUHTBIBAs 3TO CIeAyeT pa3paboTaTh
TIPHIENIHOE YCTPOHCTBO, BBHINONHSIONIEE CIIEYIONIHEe ONEPAIlMH: KOIICHHE 3eleHHOH MAacChl
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PacTeHHH BBICTYIAIONIHE Yepe3 OTBEPCTHE IUICHKH; OYHCTKAa Kpas IUIEHKM OT MOYBBI; Iojada
MyJIbUHpYIONTeil ITeHKH U THOKHUX OJTHBHBIX JISHT K 6apabaHy HAMOTKHU.

Pa3pabGoTaHHple Pa3IMYHBIMH IPOM3BOAHTENSIMH CPEACTBA UIA yHaleHHd HOTHMMEPHBIX
OCTAaTKOB BBINOTHEHB! KaK IPHIEITHOE YCTPOMCTBO, YIIpPaBIsSeMblil ONEPaTOpoM, CTOSIIUM COOKY
ycTpoiicTBa Ha MOAHOKHOH focke. I'ie omepaTop, BeleT BU3YalbHBIH KOHTPOJIb 3a COCTOSHHEM
HAMOTKH IIOTMMEPHOH Macchl Ha pa3Je/ITIONIMiICS KOHYCHBI MEXaHH3M H DEeryIHpyeT JacToTy
BpalleHHs KOHYCHOTO MeXaHHM3Ma C IOMOINIpIO phryara. IIpHBOJ MeXaHH3Ma OCYIIECTBIISETCS
THAPOMOTOPOM, 33 CYET MOTy4aeMOro JaBlIeHHS Macja OT THAPOCHCTeMBI TpakTopa. KopHm
PACTHTENBHBIX OCTAaTKOB CPE3al0TCA C IIOMOIIBIO 3arlyO/MIONIMXCS OTBANOB, Pa3MENIEeHHBIE IO
GokaM arperaTa. IIpu 5ToM cTeOGIHM pPacTeHHH NPOXOAANINE depe3 OTBEPCTHS IUIEHKH MOTYT
TI0/1aBaThCS BMECTE C IIEHKOH Ha MeXaHHU3M HAMOTKH.

Ienvio uccnedoeanuii SBISETCS pa3paboTKa yCTpoHcTBa IS yAadeHHS HCIIONB30BAHHON
MyJIbUHpYIOIIEeil ITIEHKH ¢ MOBEPXHOCTH IO, TEOPETHIECKUMH H SKCIIePHMEHTATbHBIMU ITYTAMH
060CHOBaHHE OCHOBHBIX IIapaMeTPOB.

3aoavu uccnedoeanui: OMUCATh METOIB! BHIIOIHEHHS PaboT IO 000CHOBAHHIO IIapaMeTPOB
PaboYHX OPTraHOB YCTPOHCTBA; 000CHOBATh OCHOBHBIE IIAPAMETPhI Pa3padaThIBA€MOI0 yCTPOHCTBA
JUIS yJalleHus My/Ib9UpyIommeil IIIeHKH.

MarepHaibl H MeTOIBI

C ydJeToM HeJOCTaTKOB CYIIECTBYIOUIHX YCTPOMCTB, IIPEIIOKEHa CXeMa YCTpoilcTBa Ui
MeXaHH3HPOBAHHOTO yJaJeHHI MylIbdHpPYIomell INTeHKH U THOKHX ITOMHBHBIX JIEHT C MIOBEPXHOCTH
mons (puc. 1).

I-pesicywuii annapam, 2-npueod noxca om BOM; 3-Ouckoevie omeansi; 4-Mynoqupyiouan nieHxa u 2ubxkasn
nonueHas neHma; S-HaKIoHHwIll MpaHcnopmep; 6-onopHoe koneco; 7-2udponpueod 6apabaua u
mpancnopmepa, 8-6apaban Hamomxu,; 9-npugodnoil pemens,; 10-ckouenHaa macca.

Puc. 1 — CxeMa arperaTa AjI1 MeXaHH3HPOBAaHHOH y6OPKH My IbUHpYIONTel IIeHKH

VerpoiicTBo B paGoueM COCTOSHHH OIHpAETCS Ha IBa OIOPHBEIX Koleca 6 H IPHIENHOE
YCTPOHCTBO TPAKTOPa. B TPaHCIOPTHOE IONOKEHHe YCTPOHCTBO MePeXOUT PH IOMOIIH HABECKH
TpakTopa. B paGodeM COCTOSHHH OIOPHBIE KONleca YCTPOHCTBA, KaK M GYKCHPYIOIIETO TPaKTopa,
TIepeMEIIAloTCs 110 KParo MyIbYHPOBAHHOI ITONOCH. IIPH IBMKEHHH YCTPOHCTBA BBICTYIAOIIHE
CTeO.IH pacTeHUI Hajl My/Ibuell CKalIMBAIoTCS ¢ IOMOIIBIO PEKYINero ammapara 1, KoTopslii 6epeT
npuBoj oT BOM TpakTopa COeMHEHHOTO C IPHBOJOM Hoxka 2. Kpas MyipuHpyromlell IIeHKH
TocIe CKAIIMBAHHS PACTHTETBHOH MAacChl OCBOOOMKNAIOTCS OT MOYBHI THCKOBBIMH OTBATaMH 3.
CKolIleHHas Macca, BMecTe ¢ MyJIbUHpYIoIel IUIeHKol U THOKOH IOJIHBHON JIeHTOH 4 mepeMern-
aeTcs M0 HAKIOHHOMY TPAHCIIOPTEPY 5 M cOpachIBaeTCs Ha IOBEPXHOCTH MOJIL. MylpdHpYOIIas
TIIeHKA U THOKas MOJMBHAs JeHTa HaMaTbIBaeTcs Ha 6apabaH 8, IPHBOJAMMOE € IOMOIIBIO PEMHS 9
KOTOPBIil IOACOEINHEH K THAPOIPHBOAY (THIPOMOTOPY) 7.
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Jlns 060CHOBaHMS TEeXHONIOTHYECKMX H KOHCTPYKTHBHBIX IIapaMeTPOB YCTpOMCTBa JUIL
yIaTeHHs MyIbYHPYOIIell IIEHKH H THOKHX ITOMHBHBIX JeHT (pPHC. 1) IO BBIIIENepedHCIeHHBIM
oIepaIaM IpeTyCcMaTPHBAIOTCA CIeAyIOMHIe BUIBI PaboT: pacueT TATOBBIX YCHIIHIl arperara Iyt
HAMOTKH MyJIbYHPYIOIIell IUICHKH; ONpeleleHHe YIMOB H KO3(Q(HIHEHTOB TpPeHHS OTXOIOB
PACTHTEIBHOTO IPOHCXOKIEHHS; ONpeieIeHHe TONIIMHEI II0TH3THICHOBOI IUIEHKH 10 IIPOYHOCTH.

Pacuem mszoevix ycunuii azpecama Ons HamMomiu Myivuupyiougeli nienxu. TeopeTHieckoe
0060CHOBaHHE KOHCTPYKTHBHBIX IapaMeTPOB YCTPOHCTBA M yHadeHHd MyIbUMpPYFONIeH IUIeHKH
clemyeT BEeCTH IIepPBOHAYAIbHO C pacdeTa TATOBBIX YCWIMH arperata. J[ms 3Toro ciuemyer
TIPUIOKHUTD K arperaTy Bce BHENIHHE CHIIbL. TeXHoIoridecKas cXxeMa arperara BBIIVIAIHT COTIIACHO
PHCYHKY 2 1 IefiCTBYIOT CIIEIyIOIIHe CHIbL:

- G, — cuIa Beca yCTpOHCTBa;

- Roy — CHITa CONPOTHBJIEHHS MEXAaHH3Ma OYHCTKH Kpasl ILIEHKH;

- Fx — cujla COPOTHBIIEHUS MEXaHH3Ma KOIIIEeHU S cTeGIel pacTeHUH;

- Fox — CHJIa COIPOTHBJIEHHS OIOPHOTO KOJleca.

Puc. 2 — Cxema BO3/IeHiCTBHS CHJI Ha yCTPOHCTBO

K mickoBoMy MeXaHH3MY I yJaleHHs OYBBI ¢ KPaeB My/IbYHpPYOMIell IIEHKH CO CTOPOHBI
TIOYBBI JIEHCTBYIOT CIIEIyIOITME PEaKIMH MouBBI: Ry, Ry, R, YKazaHHBIE COCTABIMIOMME CHIT
3aBHCST OT CBOFICTBA MOUBEI, YI/Ia aTAKU U CKOPOCTH JIBIKeHUs (puc. 3) [8].

z
Ry y
Rv
X
Puc 3. — CxeMa peakIIMH cO CTOPOHBI
OYBBI HA THCK

JUI pacdeTa TATOBOTO CONPOTHBICHHUS JHCKA
IpH YITyOTeHHH HAa BEIHYMHY /, Ha IOYBAaX C

Ve YAEIBHBIM COMPOTHBIEHHEM k lTpO,IlOJIbeIﬁ
COCTaBM}OH_{Hﬁ PpaBHAETCA
Re=k-S )

TZe S — IUIomanp aKTHBHOIT 9acTH JHcKa [9].
Ilnomraas aKTHBHOM 9acTH JJUCKA ONpeIesIIeTcs KaK IIOIaIb CerMeHTa

2 180

S= ﬁ(nisina), ?2)

374




image271.jpeg
I3geHicTep, HaTHKedep — ViccilefoBaHUA, Pe3yabTaThL. Ne 2 (82) 2019. ISSN 2304-3334
TZe R — pauyc JucKa;
@ — YTOIl IyTH CeTMeHTa.
TsroBoe ycuimie Ha I0YBOyAajleHHe GyIeT paBHA C y9eTOM KOIMIECTBA JHCKOB

Rpw =Ry 1, (©)

TZle N — 9HCIIO MOYBOYAAILTIONIIX THCKOB.

CoIpoTHBIIEHHE MEXaHH3Ma KOIICHHS B OCHOBHOM IPOHMCXONHT 33 CUeT TPEHHs OIOPHBIX
6aIlIMaKoB, PacIoI0KeHHBIe 10 kpasM 6pyca. ITockoIbKy ONOpHBIE GallIMaku 6pyca pa3MeIaroTcs
CHMMETPHYHO OTHOCHTEIFHO HpPOIONBHOH OCH arperara, TOIJa CONPOTHBICHHE MeXaHH3Ma
KOIIIEHHS 3aBHCHT OT Macchl 6pyca H Ko3(QHIHEeHTa TPEHHT

R = Puc f (O]

Cma COIMPOTHUBJIEHHE OIIOPHOI'0 KOJIECa 3aBUCUT OT Harpys3KH, BOSHE?ICTB}’}OIHE?I Ha OIIopHOE
KOJIeCcCo u KO3(1)(1)PH1PIEHT& TPEeHHS Ha Ka4u€HHE KoJleca

Foxe = Guu ™ Han> ©®)
T1e Gy — Bec yCTPOHCTBa;
Hyay — K03 QHIMEHT TPEHHS Ha KaYeHH.
TsroBoe CONMPOTHBIEHHE YCTPOHCTBA OIpelesieTcs Kak CyMMa COCTABJIAIOIIHX COIPOTHB-
JIeHHs Ha yCTpoicTBo [10]

Ry = Rpy + B + Fo, (©6)

Onpedenenue yeno6 HaxIOHa mpancnopmepa u Kodp@uyuenmoe mpeHus omxodoe
PacmumensHo2o NpoucxodcoeHus. YTIBI TPEHHS IO CTadbHOH IIOBEPXHOCTH O3 JaBIeHHA
OIpeNeINCh B TIOKOe H B IBIUKEHHH Ha IpHOope (pHc. 4). Ha moBepXHOCTH CTalbHOrO JIHCTa 1,
HaXOJAINErocs B TOPH3OHTAIBHOM IIOJTOKEHHH, CBOOOJHO pa3Mellaics HcclIedyeMBIH MaTepHal
TIPOU3BOTBHON MAcChl. 3aTeM JHCT BPY4HYIO MOJHHMalcs jnebenkodf 4 mo Tex Iop, IOKa
HCCTIeyeMblil MaTepHal He NPHXOMMI B IBHKeHHe. IToT0XeHHe THCTa (DHKCHPOBANOCH, H 3aMe-
PSUICS YTOI €ro HAKJIOHA, C TIOMOIIBIO CEKTOPHOTO MeXaHH3Ma 6. IIpH oIIpeIe/IeHHH YTIIOB TPEHHS
B JIBIDKEHHH JIHCT | MOJHMMaeTcs Ha PHKCHPOBAHHBIH YTOJI H HAa HETO pa3MeIlaeTcsl Olpe/IeeHHas
TIOpIHS HCCIIeXyeMoTro MaTepHaa. IIo Mepe yBelMUeHHS yITIa HAKIOHA JIHCTA 1, (PHKCHPOBAIoCh
TOTIOKEHHe, NpPH KOTOPOM HCCIedyeMBIii MaTepHal, HadHMHAI CION3aTh 0e3 3aJepXKKH II0
TOBEPXHOCTH TpeHHsi. JUI1 NOCTOBEDHOH OIEHKH YIJIOB TPEHHS OINBITHI IIPOBOIIINCH B
TISTHKPATHOH IIOBTOPHOCTH. TeMIepaTypa H BIaKHOCTb HCCIIETyeMOro MaTepHalla BO BCEX OIBITaX
TIOfIePKHBAIach B Ipeferax: TeMiepaTypa 298 +1K, BraxHoCTs 80+2% [11].

1-cTambHOIT THCT; 2-CTAHHHA TOPH30HTATbHAS; 3-BePTHKATbHAS OOpA; 4-KOHEUHBIIT 6710K; 5-
TIPOMEKYTOUHBIT GIIOK; 6-CeKTOPHBI MEXaHH3M; 7-HHTb [/ IIPHBOJA CTATHHOTO JIHCTA.
Puc. 4 - Cxema 1 o6uIHil BUJ IpHOOpA AL OIpesieIeHUs YTIIOB eCTeCTBEHHOTO OTKOCa H TPEHHS
TI0 CTaJIbHOM IOBEPXHOCTH.
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Koad)prrmeHT TpeHHS IPH HU3KHX JaBIeHHAX (B mpexernax 500...1500 ITa) ompenensiach Ha
ycTaHOBKe (PHC. 5). MeToaMKa oIpeIeTeHHs THHAMHYeCKOro Ko3(QHITHeHTa TPEHHS 3aKII09aeTCs
B cilemytomeM. Mccaenyemblil MaTepHan 3achllaeTcsl B KopoO 7 paspaBHuBaeTcs. Ha marepman
HaK/IaJbIBaeTCs IUIaCTHHA, JaBJIeHHe OT KOTOPOH PAaBHO JABIEHHIO Ha KOKyXe.

BapaGan 6 mpuBomuTCsS BO BpalleHHe oT MOoTop-peaykTopa 10. IIpu padoTe mpu6opa Iap-
HHPHO YKPeIUIeHHBIH Ha OCH KOpoO 7, 3a cUeT CUJI CLEIIEHHS MeKIy II0BEPXHOCTBIO «IOPOKKI» H
HCCIeNyeMbIM MaTepHaloM, CTPEMMTICS IOBEPHYThCS B HANpaBIeHMH BpameHus GapabaHa 0,
OKa3pIBas Yepe3 OMOPHEIE IIACTHHBEI 2 JaBeHHE HAa KPOHIUTEHH 4 PaBHOTO CONPOTHBIEHHS C
JIaTIUKAMH.

Ilo HOKa3aHHIO MIVITHBONBTMETPA IO TApPHPOBAHHOMY IPaQHKy ONpeelIsiIoch HCTHHHOE
3HaueHHe YCHINI Ha IepeMelIeHHe MaTepHaloB PACTUTEIbHOIO TPOHCX OKICHHA.

Koasd) prreHTs! TPEHHS pacCUHTHIBAIICE IO HOPMYyIaM:

- IV CTaTHCTHYECKHUX KO3 )HIIHEHTOB TPeHUS —

F
f=E an
- I AMHAMHIECKHIX KO3((HIIHEHTOB TPeHUS —
F;
h=2 a

THe f; Hf;- COOTBETCTBEHHO CTATHYECKHH H THHAMHYECKHIT KO3 HIMEHT TPEeHHS;

Fau F, - cHTa TPEHHS PAaCTHTENIBHOTO IIPOAYKTA B HAYAIBHBI MOMEHT CIBHTa KOPOOKH H IIPH
YCTaHOBHBIIEMCS JBHXEHHH, H;

P.u P, - cHIIa HOPMAIBHOTO JaBlIeHus, H.

Bcs cepHA OIBITOB NPOBOIMIACH B 3-KPATHOH MOBTOPHOCTH IPH H3MEHSIEMBIX 3HAaYeHHSIX
HOPMAJIbHOTO NABIEHHS, CKODOCTH IepeMEIleHHS, TeMIEpPaTyphl H BIAKHOCTH HCCIELyeMOro
MaTepHana.

1-pama; 2-onopHoiii HAKOHeYHUK KPOHIUMeliHa, 3-MeH30MempuyecKull Oam4ux, 4-kpoHiumetix, 5-ean
yununopuyeckozo bapabana, 6-yununopudeckuii bapaban mpenus,; 7-kopo6, 8-npueodwoii ean;
9-npomesicymounas nepedaya,; 10-snexmpoodeuzamens,; 11-kpoiuika kopoba, 12-uccredyemoiii mamepuan,
13-myaomumemp, 14-1acmomusiii npeobpasoeamens
Puc. 5 - CxeMa 1 0OIIHIT BUI YCTAaHOBKH I OIpe/eeH s K09 UIHEeHTOB TpeHU .

Onpebeﬂeyue monuuHel  npoyHocmu NOAUIMUNEHOGOU  NJIeHKU. KOHTPOJH) OCHOBHBIX
TIapaMeTPoB B TOM YHCJIe TOJIIMHEI IJIeHKH NPOBOAMICS coriaacHo Tpe6oBaHmsaM 'OCT 10354-82.
Jlng usMepeHus HcroibsoBaics npubop ET-11P, koTopslif mepex HpoBeJeHHEM HCCIEOBAHHSA
TIpeIBapPHTENIbHO KATHOPOBAJICS C IIOMOIIBIO CTAHAAPTHOH IUTEHKH.

JUIs TpoBeleHHS HCIBITAHMI OT KaXkIOTOo PYIOHA II0 BCeil IMMpHHe IUIEHKH B PYJIOHE
OTpe3alich JBe IOJOCH LIHHOH He MeHee 0,3 M miomansko 0,5-2 o KaXk7asg Ha PacCTOSHHU He
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MeHee 1 M Ipyr oT apyra. IlepBoe H3MepeHHe TOMIHMHBI IPOBOJHIOCH Ha paccTOSHHH (10+2) MM
OT Kpast IOJIOCHI, MOCIEAYIONIHE - depe3 Kaxable (50+5) MM 1714 IUIeHKH MHUPHHOHA 10 1500 MM 1
gepes (300+5) MM U1 IUIEHKH ITHPHHOT cBbImTe 1500 MM.

IIo pesymsTaTaM H3MEPEHHH OIpeNelsTIoch MAKCHMAIBHOE H MHHHMAIBHOE 3HAUeHHS
TOIIMHEI IVIEHKH B PYJIOHE H OTKIOHEHHS OT HOMHHAIBHOI TONIIHHBL 3a Pe3ysbTaT HCIIBITAHHS
TIPHHHMAJIOCh MAKCHMAIbHOE H MHHHMATIBHOE OTKIOHEHHS OT HOMHHAIBHOI TOJIIIHHBL

Omnpenenenne NPOYHOCTH U MOAYIS YIPYTOCTH IPH PACTSKEHHH MOTHATIICHOBOH IUTEHKH
mpoBoamwtuch cormacHo 'OCT 11262 u TOCT 9550-81 [12, 13] ¢ ucmons3oBaHHEM NPHGOpA
TIpeJICTaBICHHBIH Ha PHCYHKe (PHC. 6).

IIpoduHocTs MaTepuaia IpH pacTskeHHM IpoBojmics mo I'OCT 11262, a ompeneneHHe
Moxyns ympyroctd o I'OCT 9550-81 [14]. OGpasubl A UCHIBITAHUI COOTBETCTBOBAIN THITY H
pasMepamM, YKa3aHHBIM Ha PUCYHKe (pHc. 7).

CKOPOCTh HarpyxeHus coctasisiia 2,0 +0,4 Mw/MuH. 110 yATHHEHHIO B MOMEHT Pa3pyIIeHHs
Al ompeeNinIocs OTHOCHTENIBHO YATHHEHHE IPH pasphiBe.

I-pykosmxka; 2-onopa; 3-mepnas wixana, 4-o6pazey pacmasicenus,; S-meH300amuux
Puc. 6 - Cxema 1 oOLIMIT BUJ HCIBITaTeIFHOTO IPHGOD HA PACTSKEHHE.

Ilo MakcHMaIbHOMY 3HAYeHHIO HArpys3KH Fy BBIMHCILUICS Ipeel NPOYHOCTH IIPH PacTs-
JKeHHH. Y JUIMHEHHe H3MepsIoch MPHOOPOM C MOrPEITHOCThI0 He Goiee 2% B auamasoHe 0,1-0,5
MM. Baza mpeoGpasoBatens mepeMeneHus Lo, ycTaHAaBIHBaeMOTO Ha 00pa3ell COCTaBIIAIa He MeHee
20 mm. ITo uarpamme AedOpMEPOBAHHS ONPEETUINCh 3HAUeHHS HAarPy30K Fi U F) U yIJIHHEHHE
Aly U Al,, COOTBETCTBYIOIIMX OTHOCHTENbHOMY yamHeHHmI0 0,1% u 0,3% H paccuuTHIBAICS
MOJIyJIb YIIPYTOCTH IPH PAacTKEHHH. IIPH HEBO3MOXKHOCTH 3aIIHCH JTHATPAMMBI e (h)OPMHPOBAHHS
MOJIyJIb YIPYTOCTH OIpeeiIcs IPH IHKIHIeCKOM Harpy KeHHH 00pasia (10 MoTydeHHs CTaOHIIb-
HBIX IPHpAIIeHHi) B IuamasoHe ycmmmit Fi = (0,05-0,1)-Fp mo F> = 02'F,. IIpH 3HaYeHHSIX
Harpysku Fi i F, OnpeJensuioch pupanieHue A/ Ha 6ase L.

Puc. 7 - Pasmeps! H 00IIHil BHA 00pa3IoB Pa3HBIX BHOB NOIHITHWICHOBOII IIIEHKH

377




image274.jpeg
I3geHicTep, HaTHKedep — ViccilefoBaHUA, Pe3yabTaThL. Ne 2 (82) 2019. ISSN 2304-3334

HcnpiTanus Ha pPacTsuKeHHe IOTHMMEPHBIX MaTepHaloB IPOBOAMIOCH HPH TeMIepaType
23+2°C B cootsercTBuH ¢ [OCT 11262-80 uI"'OCT 9550-81.

Ilo jmaHHBIM, HOTYYeHHBIX IIPH 3aMepaX TONMIHMHBI OOPa3loB BBIYHCIIMCH IUIOIIATH
TIOTepeYHbIX cedeHuil. Ilepea HCHBITaHHEM Ha 0Opa3ell HAHOCWIHMCh HEOOXOAHMBIE MeTKH (6e3
TIOBPEXIEHHS 00PasIioB), OTPAHHYHBAIONINE €ro 0asy M IIOJOKEHHe KPOMOK 3aXBaToB. OOpasIIbL,
paspylIHBIIMECS 3a IpeaeTaMH pabodeil gacTu, 3a pe3y/IbTaT He IPHHUMAIHCh. [0 yITHHeHHIO B
MOMEHT Pa3pyIIeHHs Al OIPeeNsIoch OTHOCHTEIbHOE Y ITHHEHHe TIPH Pa3phIBe

& =2100%, (13)
lo

T7e Al —U3MeHeHHe PacyeTHOI JUTHHBI 06pa3lia B MOMEHT PasphIBa, MM.
Moy yIpyrocTH OnpeaensvIcs o popMye

(B=F1)Lo
Sor(alz— aly )

(14)

T1e Fi, F> — 3HaueHHI Harpy3oK, COOTBETCTBYIOIIMX OTHOCHTEIbHOMY yanmuHeHuio 0,1% u
0,3%, H;

Aly, Al — yJUIHHeHHe IPH Harpyskax Fy, F> COOTBETCTBEHHO, MM.

3a pe3ynpTaT M3MePeHHS NPOYHOCTH, OTHOCHTENBHOTO YTHHEHHS H MOIYJII YIPYTOCTH
TIPHHHMAIIHCh CpeIHee apHPMeTHIecKoe 3HaUeHHe U1 BCeX 00PasIIoB.

PesynbTaThl HeCIeJOBAHMIT H 00Cy:KIeHHe

Yron HakIoHA (ECTECTBEHHOTO OTKOCA) H K03()OHIMEHT TPeHHS 0o0pa3LoB PACTHTEIBHOTO
TIPOUCXOKIEHHS MOKA3alH CIeyIONIe NaHHble. BHYyTPeHHHIl YToJl TPeHHs IO MOJHATHIEHOBO
TIOBEPXHOCTH 0€3 NaBleHHs 11 oOpa3loB cTe0IHM ToMaTa, Iepla GOIrapckoro, M OaklakaHa
COCTaBJII COOTBETCTBEHHO 0=44, 0=42, 0=40 rpagycoB. YUUTEIBas 3TH JaHHBIE BEIOPAHBI IOl
HAKJIOHa TpaHCIOpTepa He Goiee 40 IpaxycoB, 4To oOecIedHBaeT yCTOHUYHBOE IepeMelleHHe
CKOIIIEHHO# MacCHI 110 HAKTIOHHOH ILTIOCKOCTH.

Pe3ynbTaThl HCCIEIOBAHUS 110 ONMpeIeNeH o Ko GHIlHeHTa TPEeHHS PaCTHTENBHOTO OTX0OJa
OT HOPMAIIBHOTO JaBIeHHS IPEICTaBIeHBl B BHIe rpaduka (puc. 8). IlomydeHHas 3aBHCHMOCTH
CBUJIETENILCTBYET O TOM, 9TO BeMMYHHA KOd(QQHIMEHTa TPEHHS C NOBBILIEHHEM HOPMATBHOTO
JIaBJIeHHS B IpefiellaX SKCIepHMeHTa JTHHEHHO BO3pacTaeT. DTO SBIEHHe OOBACHAETCS TeM, 4TO
TIPH IOBHINIEHHH HOPMATBHOrO JaBJIEHHS He HPOHCXOIHMT BBIIABIMBAHHE YaCTHIIBI CBOOOIHOI
BIIaTH Ha IIOBEPXHOCTH TPEHHA, TPadQHK OTIHHACTCS THHEHHOMY 3aKOHY.
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Puc. 8 - I'paduk ko3¢ dunreHTa TPEHIS 0T HOPMAIBHOTO TaBJICHHUS.

378




image275.jpeg
I3geHicTep, HaTHKedep — ViccilefoBaHUA, Pe3yabTaThL. Ne 2 (82) 2019. ISSN 2304-3334

Pe3yIbTaTel HCCIENOBAaHHA HA PACTSUKEHHE IUIEHKH M MOJY/IS YIPYTOCTH IIPEICTaBIeHBI B
Buze rpaduxa (puc. 9). Pe3yIpTaThl HCIBITAHUS MTOKA3AIH, 9TO HPH £=30% Bce ILUIEHKH IOIBEpP-
JKeHHBIE K HCIIBITAHUAM He BBIIEPKHBAIOT JONOIHHTEIbHON HArpy3KH M HAYHHAIOT Pa3pyIIaThCs.
IIpu »ToM moka3aTelle MAKCHMAIBHYIO HAarpy3Ky BBIIepKHBaeT TOJINIHHA, Y KOTopoil paBHa 200
MKM SH, a MuHHManbHyo — 100 MM 1,5 H. Eciu npeaycMoTpeTh XpamoBoil MeXaHH3M (3alliT-
HBIH) IpH Harpys3ke 1 - 1,5H, Bce BUBI IUIEHOK HOABEPKEHHBIE K HCIIBITAHHS OYYT MPUTOIHbI VI
SKCILTyaTalUH.

+14549
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£, %
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Puc.9 - Pezyﬂb’ra’rm HCCIIETOBAaHHS Ha PACTSLKEHUE TIOJTHATHICHOBOH IUTEHKH.

BoIBoabI

MyITBYHpPOBAHHE MOYBHI IOMIHATHICHOBOI IIEHKOH KaK arpoTeXHHUeCKHil IPHEeM, OKa3hIBaeT
BIIMSHHE HA BOMHBIH, BO3AYIIHBIH M TEIUIOBOH PEKHMEI IIOYBBI, YTHETAaeT COPHSKH, HEKOTOPBIX
BpeauTeNelt U Bo30yAuTeNel GoesHeil.

Bomee >(pQeKTHBHEIM IIPH HHTEHCHBHON TEXHOJOTHH IPOH3BOJCTBA OBOIIEH, SBIAETCS
COBMECTHOE HCIIOJIb30BAHHE CHCTEM KAIleTbHOro IOJNHBA H MYIbUHPOBAHHE IIOYBBI MOJHATHIIE-
HOBOII IUIEHKO, B pe3yIbTaTe MOKHO JTOCTHYb COKpallleHHe IoTpedrieMoii Boas! 10 30 - 50%.

JU1s TOATOTOBKHM IOJIA K CIIeAYFomeit oca ke 1eecoo0pasHo yIaIHTb MOTHMePHbIE OCTATKH
C IIOBEPXHOCTH oM. TPyNI0eMKOCTh YIaleHH e HCIIOIb30BAHHON MYIBYH COCTABIIAET B IIOPSIKe 64
gel.-dac/ra. JII1 5TOH LelIH clIeyeT Co3NaHHe CIeHAIbHOro yCTPOHCTBA VIS yAAIeHH My IbdH H
THOKHX TIOJHBHBIX JIEHT.

Ilo pesympTaTaM HCCIENOBaHHSA IPEMIOKEHa HOBas CXeMa YCTPOICTBAa VI YHaleHHST
MyIBYHpYIOIeH! ITeHKH H THOKHX IIOJHMBHBIX JIEHT C IIOBEPXHOCTH ITOJS.

JU1s 060CHOBAHHS OCHOBHBIX ITAPAMETPOB YCTPOHCTBA COCTAaBIeH PacdeT TSTOBBIX YCHIIMIH
YCTpoiicTBa I HAMOTKH MYJIBUHDYIOIIEH IIeHKH. DKCIIePHMEHTATBHBIM IIyTeM YCTaHOBJIEH YTOI
OTKOCA PaCTHTENBHON Macchl 0=44, ¢=42, 0=40 TpagycoB H 3aBHCHMOCTb KO3(HUIIIEHTa TPEeHHT
MEKITy IOIHITHICHOBOMH IUIEHKOH H PaCTHTEIBHBIX OCTATKOB, KOTOPBIe HEOGXOANUMEI JUIS BRIGOpA
yI7Ia HaKJIOHA TPAHCIIOpTepa KOTopast coCcTaBIIseT MeHee 40 TpaTycoB.

DKCIIEPHMEHTAIbHO IOMydeHsl IpaHdecKHe 3aBHCHMOCTH CPaBHHTENIBHBIX IIOKa3aTeleil
(MOZy/Is YHPYTOCTH H IIPefieN TeKydecTH) HOTHITHICHOBO IUIEHKH ¢ PasiHdHoil TomuuHoH (20,
50, 100 MKM) IS OGOCHOBAaHHS BEIHYHHBI CPAGATHIBAHHS 3AIIUTHOTO MEXaHH3Ma IUIEHKH OT
PpaspsIBa.
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UUIT'TII CYAPYHIBI TACTIAHBI MEXAHUKAJIAH/IBIPBIIFAH TOCITIMEH JKHMHAIT AJTY
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AHmaTma

Makanaza KaObIHIAyIIB! YIAIP MeH TaMIUBLIATHII CyapyIIbl HUIIII TacHalapAbl Iafinanany
apKBLThl KOKOHIC IAKBUIAAPhIH OHMIPY KapacTBIPhUIFAH. KeKeHIiC NaKpUITapblH OHIIpyIeri
€HOEKCHIBIMIBLIBIFEL JKOFAPH! IIPOIECTEPAIH Oipl — KaOBIHAAYIIBl YIAIP MEH HUITINI Cyapylibl
Tacmanap/bl OHIM/I KIHAFAaHHAH KeHIHT1 Ke3eH e JKHUHAI ally. Bys JKYMBICTa KYPBUIFBIHBIH HETi3r1
KOPCETKINITePiH HeTi3feyaiH oficTepi CHIIaTTaIFaH. JKYMBICTBIH MaKcaThl — JKaOBIHAAYIIBl YIIIP
MeH MU CyapyIIbl TacmaltapAbl KUHAIl aly KYPBUIFBICHIHBIH HETI3I1 IMapaMeTpIepiH HeTi3aey.
AJIBIHFAaH HOTIKeNep IHapaMeTpIepli aHBIKTayFa KakeTTi eCeNTiK KYMBICTAapAbl OpbIHAAY YIIIH
TaiiTanaHbLIabL.

Kinm ce30ep: KemeTTepai OTHIPFBI3Y, HLITINI CyapyIIsl Taclalap, TAaMIIBLIATHII Cyapy,
JKaOBIHIAYIIB YIIIIP, HOMTHMEPITIK KA ABIKTaPIbI JKO0.
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MECHANIZED REMOVAL OF THE MULCHING FILM AND FLEXIBLE IRRIGATION TAPE
FROM THE SURFACE OF THE FIELD DURING THE POST-HARVEST PERIOD

Niyazbayev A.K.}, Khazimov K.M.!, Safargaliev A.E.},
Bazarbaeva T.A.%, Urymbaeva A.A.%

Kazakh National Agrarian University
2Al-Farabi Kazakh National University

Abstract

The article reviewed the production of vegetables through the use of plastic film for soil
mulching and flexible drip irrigation tapes. One of the time-consuming processes in the production
of vegetable crops is the removal of the mulch film and flexible irrigation tapes during the post-
harvest period. This paper describes methods for justification the main indicators of the device. The
purpose of the work is the justification of the basic parameters of the device for removing the mulch
film and flexible irrigation tapes. The results can be used in design work for the determination of
parameters.

Keywords: Landing of seedling, flexible irrigation tapes, drop irrigation, the mulching film,
removal of polymer residues.
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OCOBEHHOCTH JIOTUCTHYECKMX ITOTOKOB B AIIK
Pomaniok H.H., OcroBun B.H., Knascyrs II.B., Boabckmit A.JI.

Vupeoicoenue obpazoeanis «Benopycckuil 20cyoapcmeenHulil azpapHbill MexHu4ecKuti
yHueepcumemy, 2. Murncxk, Pecnybnuxa Benapyco

AHHOTAIHS

B craThe paccMaTpHBAIOTCS BOIPOCH MPHMEHEHHS TEOPHH H IIPAKTHKH JIOTHCTHKH B chepe
arpoGH3Heca.

Knioue6vie c106a: TOTHCTHKA, arPOIOTHCTHKA, arPOIPOMBIIIEHHBI KOMILIEKC, IPOH3BOJIC-
TBO, TEXHOJIOTHH, JIOTHCTHIECKHE ITIOTOKH.

Beenenune

JlorucTHKa, KaK HayKa O CKBO3HOM YIIPaBI€HHH JOTHCTHYECKHMH IIOTOKAMH B IPOCTPAHCTBE
H BO BPEMEHH, CTAHOBHTCS BCe Gollee BOCTPEGOBAHHOH B OTEUeCTBEHHOM OH3HECE H SKOHOMHKE
Pecniy6muku benapych. Pacmmpenue cdepbl IPHMEHEHHS JOTHCTHKH OOYCIOBIEHO BO3PAcTaro-
IHMH TOTPEGHOCTAMH NPEeINPHATHH B CHHKEHHH 3aTpaT. OCHOBHOI IOTEHIIHAT JOTHCTHKH
3QJI0KeH B PAIHOHATH3AIMH YIIPABIEHH OTOKAMH MaTePHAJIOB U CBS3aHHBIMH C HHMH IIOTOKOB
HHbOpPMAIHH i HHHAHCOB.

OcHoBHas 9acTh

B cTpaHax MHpa ¢ PasBHTBIM arpapHBIM CEKTOPOM GOIBIIYI0 POJb B IOBBINIEHHH 3ddek-
THBHOCTH IIPOM3BOJICTBA HIPAaeT HOBOE IPHKITAIHOE HANPABICHHE JOTHCTHKH - arpOJOTHCTHKA.
Jng Pecny6iuku bemapych B yCIOBHSX PBIHOYHOH 5SKOHOMHKH C €€ KDYHHOTOBapHBIM H
9KCIIOPTHO-OPHEHTHPOBAHHBIM CEITbCKOXO3SHCTBEHHBIM IIPOH3BOJICTBOM, (YHKIIHOHHDPYIOIIHM B
YCIOBUAX KECTKOH KOHKYDEHTHOH OOpBOBI 3a DBIHKH COBITa BHYTPH CTPAaHBl M 3a PYOeEXKOM,
Pa3pabOTKa OCHOBHBIX IOJIOJKEHHI arpoJOTHCTHKH M BHEIpeHHe JOTHCTHYeCKHX IOAXONOB B
JleSTeIbHOCTD arpapHBIX IPeIPUSTHII ABISeTcs KpaiiHe HeoOXOIUMOIL.
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Abstract

The article presents modemn methods of vegetable production using polyethylene film for soil
mulching and flexible tapes for drip irrigation. For this is presented a machine which includes a design
for the removal of used mulch film and drip irrigation tapes. The main parameters of the developed
machine for removing the mulch film are substantiated. The article describes the methods for
calculating of the parameters of the unit, the results of the research are obtained theoretically and
experimentally. The sample of the device and the results of its laboratory and production tests are

presented.

fields. Eurasia J Biosci 13: 1251-1261.
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INTRODUCTION

An effective way in the production of open-ground
planted vegetables is soil mulching with films and laying
flexible irrigation tapes for drip irrigation under the
mulching film. This method allows to save the irrigation
water flow, reduce a vegetation period of plants,
increase the temperature of the root habitable layer,
reduce weed infestation without of herbicides (Khazimov
2011, Litvinov and Irkov 2011, Rahman and Vaheed
2018).

Using of drip irrigation systems with intensive
technologies of growing crops, especially vegetables,
when the volume and quality of the yield is largely
dependent on the accuracy of maintaining moisture and
plant nutrition regimes. Depending on the method of
irrigation, the amount of water consumed can be
reduced up to 30-70%. In combined use of soil mulching
and drip irrigation system, a more efficient result of
growing vegetables can be achieved. However, the used
polymeric materials in the post-harvest period are
remained not removed from surface due to the
complexity which requires additional costs. The
remnants of polymeric materials can remain in soil very
long time and prevent plant development and growth
(Hosseini Naghavi et al. 2019, Muratbekkyzy 2018).

In the world practice a wide range of complex
machines and devices is used for vegetables
production. With using specialized machines in

s i

vegetable production  technologies, the main
technological processes are performed without manual
labor. These include the formation of ridges, laying
mulch film and drip irrigation tape, sowing seeds,
planting seedlings, inter-row processing of crops and

plantings (Chernenko 2015, Gamzatova 2013,
Gafiyatova and Lebedova 2011, Hosseinzadeh et al.
2019).

There are a number of machine sets from different
manufacturers. The machines have active and passive
operative parts, forming from one to three seedbeds and
from two to eight ridges in one pass. Ferrari, Sfoggia,
Checchi & Magli, Hortech (Actual agrosystems 2013,
Machinery World 2004) are the most represented
manufacturers of seedling planters on the domestic
market.

The existing machine complexes do not fully meet
the climatic conditions of the country, in particular such
parameters as a difference in soil composition and
moisture content in the soil. Therefore, their adaptation
follows by adding separate mechanisms or operative
parts as applied to soil and climatic conditions. Mainly,
developed machines and units are adopted for such
conditions where the soil contains more humus and
sufficient moisture content.
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1-drive mechanism; 2-cutting unit; 3 soil remover; 4-mulch film; 5 -inclined conveyor; 6- drum for winding the film with sharp fingers; 7 — cutting weight
Fig. 1. Scheme of device for removing the used mulch film from the field

According to the results of the research the presents
a technology for intensification of vegetables production
intended for mechanized planting of seedlings with
preliminary soil mulching with plastic film, laying flexible
irrigation tapes under the mulching film, and removing
the mulch film together with vegetable waste. At the
same time, plant waste may well be used as natural
mulch in the post-harvest period.

To perform the operations in question, it is proposed
to use devices for planting seedlings, mulching the soil
with simultaneous laying of drip irrigation tapes under
the mulch film (Pat. RK19893, Pat. RK 24414). The
technological process begins from the formation of
longitudinal grooves on the width of the muich film
dumps. Along the longitudinal axis of the unit flexible
irrigation tape is laid by winding out of the coil. Flexible
irrigation tape is covered with a mulch film to the width
of the unit, while the film is pressed to the soil by a drum,
and the edges of the film are lowered into the grooves
thatare formed and pressed by the wheels moving along
the furrow. The pressed edges of the film are covered
with soil using disk heaps. The lunar type wheels are
mounted on one shaft and moved in parallel, forming
holes in the soil through the mulch. The planting
mechanism ensures the planting of briquetted seedlings
inthe formed holes. In the case of absence of briquetted
seedlings, the unit can operate without planting gear. In
this case, planting seedlings perform sitters on the
chairs. The proposed unit, compared with its
countertypes, is twice as productive because the
existing machines carry out these operations in two
stages (Khazimov et al. 2018, Pat. RK 29914, Pat. RK
29915).

Drip irrigation is intended for dosed water supply,
depending on the state of soil moisture. For the
economical use of irrigation water, it is proposed to use
moisture sensors placed in the irrigation area, which
transmit information about the current state of soil
moisture to the pump control unit. The unit produces a
control signal to tum the pump on or off at a customized
discrete value of soil moisture.

Removing the mulch film after harvesting is one of
the labor-intensive processes, according to the results of
the time data obtained by the authors of this work, it is
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64 man-hours/ha, therefore a semi-mounted hitch is
proposed. This device carried out operation mowing the
stems of vegetable plants protruding through the holes
of the mulch film on the surface. The mowing mass of
plant and other foreign objects fall on the field surface,
where the mulch film has been removed along track of
the aggregate (Muratbekkyzy 2018, Pat. RK 1782).

The means for removing polymer residues
developed by various manufacturers are designed as a
hitch device, which are controlled by the operator
standing on the platform on the side of the device.
Where the operator conducts a visual control of the state
of winding the polymer mass on the split cone
mechanism and adjusts the frequency of rotation of the
cone mechanism with the help of a lever. The drive
mechanism is rotated by a hydraulic motor, which
receives the pressure from the hydraulic system of the
tractor. The roots of plant waste are cut with using buried
dumps placed on the side of the unit. In this case, the
plant stems passing through the holes in the film can be
fed along with the film to the winding mechanism
(Akinrotoye et al. 2018, Benli et al. 2018, Zavidi¢ and
Lovrini¢ 2018).

Taking into account the faults of existing devices, an
experimental sample has been developed for a
mechanized method for the removal of used polymeric
for reducing time of mulch removal.

The proposed semi-trailer device (Fig. 1) is designed
to remove the used mulch film by winding it on the drum
while simultaneously removing the vegetable mass
growing through the holes in the film. For mowing the
vegetable mass in the front of the device, cutting knives
are installed, which are driven from the tractor's power
take-off shaft. A winding mechanism with needle fingers
on the drum was chosen for winding the mulch film and
flexible irrigation tapes.

Needle fingers protrude around the rim of the drum
during winding. According to the scheme, the drum is
driven by hooking the needle fingers of the drum with the
soil, and the mulch film is wound onto the surface of the
drum, piercing the mulch.

The aim of the work is to develop a device for
removing the used mulch film from the surface of the
field, having previously substantiated the main
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Fig. 3. Diagram of the impact of coiling processing

parameters by theoretical and experimental ways, as
well as production check of the functionality of this
device.

MATERIALS AND METHODS FOR
JUSTIFICATION OF THE MAIN INDICATORS OF
THE DEVICE

To substantiate the design and technological
parameters of the device according to the above
operations, the following types of work were provided:
determination of the tension force of the mulch film
during coiling on the drum; determination of angles and

of waste friction of

coefficients
determination of the thickness of the polyethylene film
on the strength; testing mechanisms for the removal of
mulch and irrigation tapes. The infographics of these
methods are presented in Fig. 2.

Determination of the Tension Force of the

plant origin;

Mulch Film during Coiling on the Drum
Considering that a weightless tape is wound onto a
drum on an inclined plane with a total force P (due to the
tension pressure of the film with plant residues and soil
residues) on the conveyor and the total force R of normal
reactions appears on the horizontal section (Fig. 3).
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From the side of the body of the unit, the drum has the
force to move Q along the horizontal plane. After a
horizontal section, plant and soil residues are separated
and the soil falls to the surface; the film becomes almost
weightless. In this case, a sliding friction force Fc effects
on an inclined surface.

To solve the problem in question, it should be
assumed that the coil performs a rotational motion. At
the initial moment the system is annihilation at rest. It is
necessary to determine the tension force Sten, Which
seeks to break the tape. When the system passes the
path |, the speed of the tape is balanced and will be v =
const, respectively, the angular velocity of the drum will
also be constant (ws = const). The equation for the
change in the kinetic energy of the system is compiled
(Bat et al. 1973).

n

-

s
Il

g
=
o
3
+

gl
=
a2

Since the coil is unchangeable material system, the
amount of work of the internal forces is zero, so we can

write: .
D o=y AGD @

k=1

= = =1
We represent the external forces applied to the coil:

P =mgis its own weight;

R is the normal plane reaction, mixed relative to the
center of mass of the coil by the value of the rolling
friction coefficient fc in the direction of motion.

F-reaction of polyethylene film, equal in magnitude to
the force applied to the tape.

Fi- friction force of the coil on a horizontal plane.

Q- the force from assemblage.

We give, to the center of mass (C) of the coil, the
elementary displacement ds, directed horizontally to the
left. Given the position of the instantaneous center of
velocity, we have:

ds = rdg 3)

The work of external forces on the elementary
displacement dS is calculated as the sum:

54 = SA(P) + SA(R) + 6A(F) + 6A(E,,) + 64(Q)  (4)

Since the displacement of the center of mass C along
the vertical is absent, then the work of this force is zero

8(P)=0

The elementary work reaction R is: 8(R) = - Rfc de.
Work is negative, it is clear that the force R tends to turn
the coil around the instantaneous center of speed ¢ in
the opposite direction dg. Since R = P-Fsina, then taking
into account the formula (3) we find the work from R

das
8(R) = —(P — Fsina) fy— (5)
T
The friction force Fmp does not perform work,

because it passes through the instantaneous center of
speeds p, 6A (Fmp) = Fmp vo dt = 0. Next, we define the
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elementary work of the force F~. Choosing point C at the
pole, we can write
SA(F) = FdS +mcdp (6)

where dS is the vector of elementary displacement of the
center of mass C;

me is the moment of force R about an axis passing
through point C perpendicular to a fixed plane, i.e. mc =
Fr then: 6A (F) = FdScosa + Frde. Taking formula (3)
into account, we obtain 8A (F) = F (cos a + 1) ds. Work
on the strength QGA (Q) = QdS. After substituting the
values of the elementary works from each force, we can
express the general work on the elementary
displacements dS.

1
54 = [F(cosq +1) = P~ Fsina) — + Q] as (1)
To determine the amount of work of external forces
on the displacement of the center of mass by the value
of S, the function (7) should be integrated in the range
fromOto S:

u s
1
> acrg = j [F(cosq 1) — fiulP — Fsina)~ + +Q] ds
k=1 0 r
after integration it can be written
ZA(F{) = [F(coslz +1) - fuP —Fsinlz); + +Q]S (8)

N‘e)ld, the kinetic energy of the coil (drum) is
calculated. Since in the initial position the coil was at
rest, the kinetic energy of this position is T1 = 0.

The kinetic energy in the final state of the coil is
described by the expression

1
T, = 5mu} +ETsz,
where I, = mp2 w = ? so,

1 1
T, = =mv? +=l.w? 9)
Substituting the values of equations (8) and (9) into
equation (2) and solveing on F we find the force applied
to the drum from the film side, we get
1 2
L (1 +‘L> - [F(cosq w0 Foimay + 0|5
2 r2 r
the power of F to express in this form
2 2
s
fie

cosa+1+Lsing —Jep 1 Jeg
T Ty

2
e

25 [CGSO( +1 +f—7" (sina —P + Q]

Equation (10) describes the tangential force to the
drum, which is equivalent to the tension force of the film.
This force grows in quadratic mode from the angular
velocity of the drum. In a further research, it is necessary
to experimentally find the strength of the rupture of the
film, depending on the cross section, and find the

required speed of rotation of the drum. And it will
determine the translational speed of the unit.

F=
(10)
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1 - steel sheet; 2 - horizontal frame; 3 - vertical support; 4 — final block; 5 - intermediate block; 6 - sector mechanism; 7 - thread to drive steel sheet
Fig. 4. Diagram and general view of the device for determining the angle of repose and friction on the steel surface

Khazimov et al.

—

1- frame; 2- support bracket tip; 3- strain gauge; 4- bracket;
transfer mechanism; 10- electric mot;

Determination of the Angle of Inclination of
the Conveyor and Friction Coefficients of
Vegetable Waste

Angles of friction on the steel surface without
pressure were determined at rest and in motion on the
instrument, the scheme of which is shown in Fig. 4. The
surface of the steel sheet 1, which is in a horizontal
position, freely accommodated the material of arbitrary
mass under study. Then the sheet was manually raised
by a winch 4 until the material under study was set in
motion.

The position of the sheet was fixed, and the angle of
its inclination was measured by the sector mechanism 6.
When determining the angles of friction in motion, sheet
1 rises by a fixed angle and a certain portion of the
material is placed on it. As the angle of inclination of
sheet 1 increased, the position was fixed at which the
material under research began to crawl without delay
over the friction surface. To reliably estimate the friction
angles, the experiments were carried out in fivefold
repetition. The temperature and humidity of the studied
material in all experiments was maintained within the
limits: temperature 298 + 1K, humidity 80 + 2% (Yurov
etal. 2010).

The friction coefficient at low pressures (within 500 ...
1500 Pa) was determined at the facility, the scheme of

. e
haft of a cylindrical drum; 6- cylindrical friction drum; 7- box; 8- drive shat; 9- intermediate
- 11- box cover; 12- material studied; 13- multimeter; 14-frequency converter

Fig. 5. Diagram and general view of the installation to determine the friction coefficients

which is shown in Fig. 5. The method for determining the
dynamic friction coefficient is as follows. The test
material is filled in the box 7 leveled. A plate is
superimposed on the material, the pressure from which
is equal to the pressure on the casing.

The drum 6 is rotated from the motor-reducer 10.
During operation the device, hinged on the axis of the
box 7, due to the adhesion forces between the surface
of the “track” and the material under investigation, tends
to turn in the direction of rotation of the drum 6, exerting
pressure on the bracket 4 of equal resistance with
sensors through the supporting plates 2.

According to the reading of the millivoltmeter, the
true value of the effort to move materials of plant origin
was determined according to a calibrated schedule.

The friction coefficients were calculated by the
formulas:

- for statistical friction coefficients by

F,
£=% a
*
- for dynamic friction coefficients by
F,
fa=% (12)

Pa
where f. and f; are the static and dynamic coefficient of
friction, respectively;
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Fig. 6. Diagram and general view of the tensile tester

1~ handle; 2 - support, 3 - dimensional scale; 3 - mobile part; 4- tensile sample; 5 - strain sensor
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L1

Fig. 7. Sizes and general view of samples of different types of polyethylene film

Fsand Fais the friction force of the vegetable product
at the initial moment of the shift of the box and with
steady motion, N;

Pcand Paforce of normal pressure, N.

The all series of experiments was carried out in a 3-
fold surface with variable values of the normal pressure,
velocity, temperature and humidity of the exploratory
testing material.

Determination of the Thickness of the
Polyethylene Film on the Strength

Control of the main parameters including the film
thickness was carried out in accordance with the
requirements of Standard 10354-82. For the
measurement of film thickness was used the thickness
indicator ET - 11 R, which was pre-calibrated with a
standard film before the test. To test each roll across the
entire width of the film, two strips of at least 0.3 m length
each with an area of 0.5-2 m2 were cut off at a distance
of at least 1 m from each other. The first thickness
measurement was carried out at a distance of (10 + 2)
mm from the edge of the strip, the subsequent
measurements were taken every (50 + 5) mm for a film
up to 1500 mm wide and through (300 + 5) mm for a film
over 1500 mm wide. The maximum and minimum values
of the film thickness in the roll and the deviations from
the nominal thickness were determined from the
measurement results. The test result was taken as the
maximum and minimum deviations from the nominal
thickness.
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Determination of the strength and modulus of tensile
elasticity of polyethylene film was carried out according
by State Standards - 11262 and 9550-81 (Smyshlyaev,
2008) using the device shown in Fig. 6.

By maximum value of the load F, was calculated
tensile strength. The elongation was measured by
device with an error of no more than 2% in the range of
0.1-0.5 mm. The base of the displacement transducer
Loinstalled on the sample was atleast 20 mm. According
to the deformation of diagram, the values of the loads F1
and F2and the elongation Al and Ak, corresponding to
an elongation of 0.1% and 0.3%, and the modulus of
elasticity under tension was calculated. If it was
impossible to record the strain diagram, the elastic
modulus was determined by cycling the sample (until
stable increments were obtained) in the force range Fr =
(0.05-0.1)-Fp to F2 = 0.2-Fr. For the load values F1 and
F2, the increment Al was determined on the basis of Lo.

The strength of the material under tension was
carried out according to State Standard 11262, and the
determination of the modulus of elasticity - according by
State Standard 9550-81. Samples for testing consistent
with the type and size shown in Fig. 7.

Tensile testing of polymeric materials was carried out
at a temperature of 23 + 2°C in accordance with State
Standards 11262-80 and 9550-81. According to the
data obtained from measuring the thickness of the
samples, the cross-sectional areas were calculated.
Before testing, the required marks were applied to the
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sample (without damage to the samples), limiting its
base and the position of the edges of the grippers.
Samples that collapsed outside the working part were
not taken for the result. Elongation at the time of
destruction Alwas determined by the relative elongation
at break (Khazimov et al. 2016, Kryzhanovsky and
Burlov 2007).

I~
=" 100% (13)

o
where Alis the change in the estimated sample length
at the moment of rupture, mm.

The modulus of elasticity was determined by the
formula

(F—F)-Ly
5 =5, @t Al 1
where Fi, F> - the values of loads corresponding to
relative elongation of 0.1% and 0.3%, N;

Ali, Alz - elongation at loads F1, F, respectively,
mm.

The result of measuring the strength, elongation and
modulus of elasticity was taken as the arithmetic
average value for all samples.

Testing Mechanisms for the Removal of
Mulch and Irrigation Tapes

After the carried out theoretical and experimental
studies, individual indicators of the mechanisms of the
device under development were tested on the soil
channel and on the mock-up sample in the field. At the
same time, the required power of the electric motor to
drive the device being moved on the soil channel was
determined. A mobile device in the soil channel is a
platform located on the rail of the soil channel. The
torque measurement was carried out using a GROSS
digital adapter (Fig. 8). A check was also carried out on

g A

! o o=
8. Measurement of torque moment on the shaft using the GROSS adapter

the removal of mulch by the passive working body on the
soil channel and in the field. For testing in the field, a
mock-up sample of the device was made with the
corresponding research indicators.

RESULTS AND DISCUSSION

The angle of inclination (repose) and the coefficient
of friction of samples of plant origin showed the following
data. The internal angle of friction on the polyethylene
surface without pressure for the samples of the stems of
tomato, Bulgarian pepper, and eggplant were,
respectively, a =43, a =41, a = 38 degrees. Considering
these data, the angle of inclination of the conveyor was
chosen not more than 38 degrees, which ensures a
steady movement of the beveled mass along an inclined
plane. The results of the research for determine the
coefficient of friction of vegetable waste from the normal
pressure are presented in the form of a graph in Fig. 9.
The obtained dependence indicates that the magnitude
of the coefficient of friction increases linearly with the
increase in the normal pressure within the experiment.
This phenomenon is explained by the fact that when the
normal pressure rises, no free moisture particle is
squeezed onto the friction surface, and the graph obeys
alinear law.

The results of the tensile study of the film and the
modulus of elasticity are presented in the form of a graph
in Fig. 10. The test results showed that at € = 30 % all
films (20 pm, 50 ym, 100 um) subjected to tests no
longer withstand the additional load and begin to
collapse. With this indicator, the maximum load can
withstand a thickness of 100 um 5N, and the minimum
20 um 0.3 N.
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Fig. 10. The results of the study on the stretching of polyethylene film

Testing the performance of the mechanism for
winding mulch in laboratory conditions was carried out
in order to identify the shortcomings of the working
bodies of the designed device and to determine the
specific resistance of the film winding mechanism. The
mechanism of film winding in laboratory conditions
showed its viability within the soil channel after working
without fail at various platform speeds. The torque of the
average value on the drum drive without needle fingers
was 6.6 Nm, and when the needle fingers protruded, the
maximum length from the drum surface 0.15 m, it was
18.6 Nm, which is explained by the needle fingers
resistance.
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However, due to the limited length of the soil channel,
it was necessary to check the device in field conditions
on the developed mock-up sample. The performance of
individual mechanisms of the device was tested: mowing
plant mass on the surface of the field, protruding above
the mulch; winding of polyethylene film and flexible
irrigation tapes with inactive drive; cleaning the edge of
the film from the soil, designed to ensure the
sustainability of the film from the wind. The verification
revealed that the mowing mechanism performed its
function positively, flawlessly. The cutting height of the
stems above the mulch was 8-10 cm. As a mowing
mechanism was used mechanism from mowing-
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Fig. 11. Testing the operability of the mulch harvesting mechanism on the soil channel and in the field

machine, which is rotated from power take-off shaft of
tractor. The operation of the winding mechanism with an
inactive drive was carried out in a section up to 50 m
long positively (before filling the winding drum), and
further work revealed a muich film that did not wind on
the drum (Fig. 11).

The mechanism for cleaning the edge of the film due
to imperfections in the structure was not sufficiently
introduced into the soil, and as a result, a low-quality
cleaning of the edge of the film was performed, which
requires changing the design of the mechanism.
However, the film from the soil was pulled out without
damage due to the thrust of the drum. To eliminate the
drawbacks of the winding mechanism, an active
mechanism is proposed that is driven from the hydraulic
drive and provides for automatic resetting of the wound
drum with a mulch film and flexible irrigation tape on the
unit travel. These improvements will not change the
basic principle of the device itself and its geometrical
parameters, grounded both  theoretically and
experimentally.

CONCLUSION

Domestic and foreign experience of growing
vegetables shows that mulching of the soil with plastic
wrap contributes to: the preservation of moisture and
temperature in the soil; suppression of the development
of weeds under the mulch; preservation of the soil
surface of the plant from the burn of evaporated moisture
at high temperature.

When intensive technology of vegetable production
is more effective, the joint use of drip irrigation systems
and soil mulching with plastic wrap, as a result, a
reduction in water consumption to 30-50% can be
achieved.

In the post-harvest period, to prepare the field for the
next planting, itis advisable to remove polymerresidues,
such as the previously used mulch film and flexible

irrigation tapes. The complexity of the removal of used
mulch is in the order of 64 people x hour / ha. For this
purpose, the creation of a special device for the removal
of mulch and flexible irrigation tapes.

According to the results of the study, a new scheme
of the device for removing the mulch film from the
surface of the field was proposed, allowing to automate
certain operations without the participation of an
auxiliary worker.

To substantiate the main parameters of the device,
the calculation of the traction effort of the device for
winding the mulch film was compiled; conveyor
inclination is less than 38 degrees.

Experimentally obtained graphical dependencies of
comparative indicators (elastic modulus and yield
strength) of a polyethylene film with different thicknesses
(20.50, 100 pm) to substantiate the magnitude of the
response of the protective mechanism of the film from
rupture.

Laboratory and field testing of the developed
prototype of the device for removing the mulch film and
flexible imrigation tapes has been carried out, and
shortcomings have been identified for further
refinement. In particular, the torque to the drum winder
drive using needle fingers is 18.6 Nm when width is 0.5
m, which is explained by the appearance of additional
resistance when the traction is dependent on the width
of the drum.
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OBECIIEYEHHE 3KOJIOFI/I‘-IECKO?I BE30IIACHOCTHI
B CEJIbCKOM XO3ANUCTBE

AHHOTamHsl. PaccMaTpHBalOTCS SKOJOTHYECKIE MPOOTEMBI, BO3HHKAIONNIE B Pe3yibTaTe MHTEHCH KA
Pa3BUTHS CENBCKOTO XO3fiicTBa. IICTIONb30BaHIIe TUICHKI B KAUeCTBE MYIBUH MPHBETO K HAKOILIEHIIO B TIOUBE €&
YaCTHII, ITO HETATHBHO CKA3BIBACTCS Ha OKPY’Kalomeil cpejie I pasBUTHI CEbCKOXO3SICTBEHHBIX KYITBTyP.

KaroueBble ¢10Ba: CETBCKOE XO3SIICTBO, SKOTOrMMECKIE POBIEMBI, STOXIMIKATEI, MyTbIIpYONas IIEHKa,
KalleJIbHOE OPOIIIEHNE, THOKIIE OJIBHBIE JEHTEL

C yBeINUYeHHEM POCTA HACENEHHs 3eMIMI BCe GOIbIle MOBBIIAETCS CIPOC HA IOTPeGHTeThCKIIe
TOBapHI I IIPOAYKTH! MITAHIA. B pe3y/nsTaTe 4ero GONBIIIME TeMIAMIH HIET OCBOSHIE 3eMellb IO/ OIL
o IUTAHTAIIIL, 9TO BIIeYeT 3a DOl yrposy SKOCHCTeMe I GHOpPa3sHOOOpPa3HIo IIaHeTH. IIpaBHTelsCTBa
MHOTHX CIpaH JUIf TOIJIePXKAHIA CeThCKOTO XO3fAHCTBA CTHMYTHPYIOT HpPON3BOACTBA, KOTOPHIE BO
MHOTHX CIyYasX BpeIHBI [JIA OKpy:Kaiomleil Cpelbl, I Malo BEIIEIAIOT CPEICTB A JKOIOTHYECKOI
6e30ITacHOCTIL

TpaIuIIOHHO CUNTANOCH, YTO OCHOBHBIMII HAPYIINTeIMH IIPHPOIHOTO PABHOBECIS ABIAIOTCS IPO-
MBIIIIIEHHOCTH I TPAHCIIOPT, & BO3MOXKHOCTh BPEJHOTO BIIHAHIL CETbCKOTO XO034IICTBA Ha OKPYIKAIOIIYIO
cpejTy HeJoOLeHHBanack. OJHaKo eme B 60-X rofax XX Beka Ha IIepBOe MECTO II0 3aTPs3HEHHIO OKpY-
JKaroIeit cpe/Ibl BELIBHHYTIOCH CelbCKoe X03sitcTBo [1].

CIpoc CenbCKOro X03iicTBa Ha HOBbIe TEPPUTOPIIL SABIAETCA OJHIM H3 OCHOBHBIX SKONOTHYECKHX
6excramii. IIpivepHO 40% rmomaau (4300 MIIH ra), He HOKPHITOIT IbIaMH, yKe OCBOEHO IIOJ II0CEBHI ITH
HCIIONB3yeTcs 1A pa3BeleHHs cKora [2], a k 2030 roxy, 4rtoOBl HPOKOPMHTB pacTyIlee HacelleHHe
3eMIH, IOTPeOyIOTCS JOMOITHATENBHO 2,7—4,9 MIIH I'a HaXOTHBIX YrOMHil B Tox [3, 4].

Cenbckoe X034ifCTBO 3aHNMAaeT JMHINpYIONlee MecTO IO JeTpajallii OKpy»Karomeif cpeisl OTHOCH-
TeNIBHO JPYTHX BHJOB IIPOMBIIUIEHHOCTIH. IIprMepHO oT 30 10 35% BceX BBIOPOCOB IIapHIKOBBIX T'a30B
TIPHXOJINTCS Ha CebCKOe XO3SICTBO [5], a Ha OpOIIeHHe CeNbCKOXO03SIICTBEHHBIX KyIBTYP — 0KOI0 70%
MIIPOBOTO TIOTpebIeHs MpecHoit BojIb! [6]. B HacTosmIee BpeMs HCIOTb30BaHNe MUHEPATBHBIX a30THBIX
yHoGpeHHil HAMHOTO TIPEeBEIIIaeT YPOBEHb €0 000pPOTa B eCTECTBEHHBIX IIPOLECCAX, IPOHCXOIAIIIX B
Tpupoje: K IpuMepy, HCIOJIb30BaHHE a30Ta ¢ 1950 roxa yBemmdmaoch moutH B 21 pa3. IIpakTmdeckn
Bech aHTPOIIOT€HHBIIT a30T IoIajaeT B aTMochepy THO0 B IMOMHBHEIE BOAHI [7, 8]. @ochop H3 MIHepalb-
HBIX yI0OpeHIIil Il HaBO3a, AIOXHMHKATHI I IIeCTHIB], HCTIOb3yeMble VTS 3aITEl PACTEHHI, OTXOMBI I
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CTOYHBIE BOJIBI JKIBOTHOBOJUECKIX KOMIUIEKCOB, (hepM H HTHIe(paOpIK Takke HETATHBHO BIILIOT Ha
OKPYKAIOIIyIO CPeTy.

KpoMe 3TOTro, HelpaBIIIbHOE BelIeHIe CeTbCKOTO X03CTBA IPHBOINT K Jerpajallill IOYBE, CHH-
JKEHHIO ee TIPOAYKTHBHOCTH H JanbHeiiiei IoTpeGHOCTII B IIHTATeTbHEIX BeIlleCTBaX. PellleHneM JaHHBIX
TpoGieM OBIIO GBI IIOBBINIEHIE YPOXKAIHOCTH CeNbCKOXO03SIICTBEHHBIX KYIbTYP, YMEHBIIEHIe H305IT0Y-
HOTO HCIIOTb30BAHNS MIHTATeMBHBIX BeleCTB I BOJIBI, a TAKKe YaCTHUHBIT lepexo/l oT KHBOTHOBOJICTBA K
PacTeHHeBOJICTBY. BHe/IpeHIle epeulCcIeHHbIX MeTOJI0B TONBKO Ha HeGOIBIIYIO YacTh IPOH3BOIMMBIX
CeNbCKOXO3SIICTBEHHBIX TOBAPOB B MHPOBOM MacITabe MOXeT GIarOTBOPHO IOBIHATH HA SKOIOTHYEC-
KYIO CHTYAIIITIO.

OuM 13 MyTeil TOBBIIIEHHS YPOXKATHOCTI CeTbCKOX03AIICTBEHHEIX KyIbTYp ABIAETCA MYIbUIPOBa-
HIIe TIOYBHI II IPHMeHeHHe KalleJbHOrO OpoIIeHHs. MyIb4HpoBaHIle TOUYBBI OPraHIYeCKIMH IIH Heopra-
HITECKHMII MaTepHanaMIl HallpaB/eHo Ha IOKPBITIE OYBHI, UTO 3aNIIIAET ee OT HepeCHIXaHI I YIIOT-
HeHII4, a Takoke PeryIHpyeT BOXHBIIL II BO3AYIIHBII PEXIM B BEPXHIX CIIOSX, I03BOIAET CHIBHTE YaCTOTY
TIOMIBOB, 3aIINAeT PAaCTeHHs OT HETaTHBHOrO BO3JEICTBII COPHSKOB, COXpaHJeT JIeKalllle Ha 3eMiIe
TUTOBI OT 3arHMBaHIA. IIPHMEHSIOT METO BO BCeX OTPACIAX CelbCKOTO XO03SiiCTBA: B CaZOBOJICTBE, OBO-
IEBOJICTBE, PACTEHNEBOICTBE.

C pa3sBHTIEM XHMITYeCKOil IPOMBIIIIEHHOCTH I TOSIBNIeHHeM HOMIMEPHBIX IUTEHOUHBIX MaTepHaloB
X TaKKe Hauyall ICIOIb30BaTh 7 My/IbUIPOBAHIS IOYBEL B psle 3apyOexHbIX cTpaH (Smomms, CIIA,
@OPT, ®panmys, tams 1 1p.) IWIeHOYHOe MYIIBUIPOBaHIe CTAI0 OOBIYHBIM TEXHOIOTHYECKHM IIPHEMOM
TIpH KyNBTHBIPOBAHNI PACTEHIIl B OTKPHITOM H 3allJUIIIEHHOM TPYHTe H TPOBOJMTCS HA COTHSX THICAT
TekTapoB. ITo JMaHHEIM MeXIyHAPOJZHOTO KOMHTeTa IO ICIIONB30BAHMIO ILTACTMACC B CENBCKOM
Xo3qiicTBe B 1959 T. MyTbUHPOBAHHe TIOYBBI IIPHMEHTOCH Ha Imtomani 300 ra, B 1976 T. — Gosee 4eM Ha
350 ThIC. T2, B TOM umnclie B SImoHnm — Ha 6ostee 200 Thic. Ta, CIIIA — 100 ThIc. Ta, Hcmanui — 35 TEIC. Ta,
@paHmn — 26 Thic. Ta. B CIIA (mrar ®opuaa) MyIbUHpPOBAHIE NPHMEHSIOT Ha 8200 m3 9200 ra,
OTBeJIeHHBIX IIO]I BO3/IeIBIBAHIEe TOMATOB, Ha 2560 m3 2675 ra, 3aHATHIX KyIbTYpoil OTypIOB, I Ha 95%
TUTOMIAH, Ha KOTOPOil BRIpamuBaeTcs 3eMIAHNKa. B Bolrapui My Ib4HpOBaHIle IPHMEHSIOT B OCHOBHOM
TIpH BHIPANIUBAHII ATOJ, JBIHE II TOMATOB. B SIMOHIMI HCHONMB3YIOT TS MyTbUHPOBAHNSA OpTraHITUecKHe
MaTepHaIbl, @ TakKe YePHYIO I NPO3PayuHyIo IUTeHKI. MyIs4HpoBaHIe IUIEHKOI MPOBOIAT B OTKPHITOM
TpyHTe Ha IUIOMAAN 34 THIC. Ta, BHYTPH IUIEHOUYHBIX TOHHETBHBIX YKPBITHIT — 33,5 TEIC. Ta M TEILTHI —
15,5 ThIC. Ta [9]. Kurail sBIAeTcA ONHON H3 KPYNHBIX CTPaH B MHpe, HCIIOIb3YIOMIel IIacTHKOBYIO
IUIeHKY B KadecTBe Mynbull. Tak, ¢ 1991 mo 2017 roa oHO BO3pocIio ¢ 3-10° 10 14,7-10° TomH. [Tomans
TpHMeHeHNs IUIACTHKOBOI IUIeHKH AOCTHTa 184-10° Ta, B CBS3H C 4eM ypOKAifHOCTh TOBBICILIACH Ha
20-50% [9].

MynBunpyONIyto IIeHKY BIIEpBbIe CTalH HCIIONB30BaTh emle B 1950-X Toax MpoNuIoro CTONeTHS 32
ee CII0COOHOCTh IIOBEHINIATH TeMIEePaTypy NMOUBEL IIpH B3aIMONEHCTBIIN MOTHATIVIEHOBOI IUTEHKH C
CONHEYHOI pajanueil HarpeBaTelbHble CBOICTBA IOMISTILIEHOBOI! IUTEHKII, TaKHe, KaK IOTTOMAoMIas,
OTpakaromlasd I MPOIyCKHAS CIOCOGHOCTH, OKAa3hIBAlOT HENOCPeICTBEHHOe BIIISHIIE HA TeMIIepaTypy
TIOYBHI O] MyTbUNpyIomeil mienKkoif. IIpIMeHeHHe MPo3payuHOil IIEHKH B XOMOAHBIX palfoHaX IOBBI-
IaeT TeMIepaTypy HOUBBI, UTO CIIOCOOCTBYET GBICTPOMY IPOPACTAHHIO, @ TAKXKe PA3BHTHIO PACTEHHIL.
TIpu pa3mIYHOIT OKpacke MaTepHasIoB, HCIOIb3yeMBIX IS MY/TbUIIPOBAHIA, OHH II0-Pa3HOMY OKa3BIBAIOT
BIIIHIE HA IOYBY H MIKPOKTIMAT IPH3eMHOTO BO3/yXa, YTO HeOOXOIIMO YUHTHIBATH NIPH MPHMEHEHIIIT
HX 14 MyTbUHPOBAHISA B Pa3THYHBIX KIIMATIYECKHX 30HAX. JU14 MyTbYHPOBAHUS TOYBEI HCIOMB3YIOT
TOMISTIVIEHOBYIO IVIEHKY DA3MIYHON CBETONPOHMIAEMOCTH: GeCHBETHYI0 (IIPO3PauHyo), JBIMUATYIO
(TOYIpPO3payHyIo) I YepHyIo (HENpo3pauHyIo), a TAkkKe CBETO- I TEMIOOTPaXKAlomie (COOTBETCTBEHHO
Gerble I MeTaUIH3HPOBAHHBIE alMIOMIHIeM) [10].

3a TocIe/THIe HeCKOIBKO JeCATIVIETHII IPOH3BOICTBO OBOIIe]l 3HAUNTENBHO YBEIHUIIIOCh BO MHO-
THX PErHOHAX MHPa I HCIOb30BaHNe MyTHUHPYIONIell IUIEHKH B COYETAHUI C KalebHBIM OpONIeHeM
CHITPAJIO BaXKHYIO POIIh B YBeIHUEHHII IPOI3BOJICTBA TOMATOB, IIepla, GakIaKaHOB, apOy30B, IBIHIL, OTyp-
OB, THIKBBI, & TAKIKe JPYTHX OBOIIeiT.

Tlee TOBBIIIEHIS YPOXKAITHOCTH TOYEUHBIM OPOIIEHHeM MHOTO THICAY NeT. IIPHMUTHBHBIM IIPO0G-
Pa30M COBPeMEHHBIX CHCTeM KaIlelbHOTO OPOIIeH s GBI ITHHAHBIE TOPIIKI C BOOIT, KOTOPbIe KPeCThs-
He 3aKallbIBaIlI B 3eMII0. Bojia I3 HIIX, IPOCAuIBasACh, IIHTAIa KOPHEBYIO CHCTEMY pacTeHHil. OTKpBITIE
TOMISTIVIEHA CIIOCOOCTBOBANO IPOPEIBY B Pa3pabOTKe CHCTEM KaIleldbHOTO OPOIISHI, YTO II03BOIILIO
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TIOBBICHTh yPOXKaifHOCTh Ha 50% IpH SKOHOMIN BoAbl 40%, I OHa H3MEHIIa CelbCKoe XO3AiiCTBO,
TI03BOIIIB BHIPAIIIBATH aTPOKYILTYPHI Jae B MycThiHe [11].

IIIipokoe DpHMeHeHHe IOTHATIICHOBOIl IVIeHKH B KaueCTBe MYyIbUIl NPHBENO K HAKOIUICHHIO ee
OCTATKOB B II0YBE, 4TO MOXKET OKa3hIBaTh HETaTHBHOE BO3/IefiCTBHe Ha yPOKaifHOCTh 10 HeCKOIBKIM IIPH-
UITHAM: yMeHbIIeHHe JOCTYIa IIHTaTelbHEIX BeIeCTB; YXy IeHHe CTPYKTYPHI IOUBbI, YTO BIOCTEICTBIH
CHIDKaeT (u3myecKue CBOICTBA MOUBHI, IPHBOANINE K YXY/IISHIIO JBIDKEHIIA MITATeTbHBIX BEIecTB I
BIIATII B II0UBE; 3aMeJIIeHHe Pa3BUTIA KOPHeil CelbCKOX034IICTBEHHEIX KYIBTyp. B mocIeHme To5! Ipo-
BOJIATCS HCCISIOBAHIA 110 IOHCKY 3aMeHNTeleil OMISTHIEHOBOM IUVIEHKH, HalpiMep GHOpa3iaraeMoi,
HO 3HAUNTeTbHEIX 3(()eKTOB [I0Ka HeT, Ja I CTONMOCTb ee JOBOIBHO BEICOKA [9, 12].

OJIHIM 13 pellleHHii JaHHOII IPOGIeMs! SBIIeTCS yAaleHHe MyIbYHpYIONIell IIEHKH B IocIey6o-
POUHEI Meproz. VaneHne My TbUHpyoIelf IeHKH — OUH I3 TPYAOeMKIIX IpOLeccoB, TpeOyromuit 10
64 ver. w/ra [13].

Ilpu yjaneHmI My TbUHpyIOIelf IIIeHKH I THOKHX JIeHT KalelbHOTO OpOIIEeHHS OCHOBHEIMH HeJloc-
TaTKaMI SBJIAIOTCH ICIONB30BaHHe PYYHOTO TPY/a; CIIOXKHOCTh KOHCTPYKINIH (ZOPOrOBH3HA 06OpYHO-
BaHI); BHIIOIHEHHE ONepAIlil B HECKONBKO IPOXOIOB Pa3HBIMH MAIIHHAMIL; HEBO3MOKHOCT ICIIOIb-
30BAHI MaTepHala IIOBTOPHO; IpHMeHeHIe IOIONHNTENBHOTO OIepaTopa, YIO CHIDKAeT TeXHHKY
6e30ITacHOCTIL

Oco3HABAas aKTYalbHOCTh 0e30T/IaraTelbHON ONTHMH3AIHH SKOJOTHIECKOH CHTYAIH OpOIaeMbIX
MAcCHBOB B CTpaHe, B Ka3aXCKOM HAI[HOHATLHOM arpapHOM yHHBEpCHTeTe IIPeIOKEHO YCTPOCTBO st
MeXaHH3UPOBAHHOI YOOPKH My/IBUNpYFOmeit ITeHKI I THOKIX TOTHBHBIX JIeHT (CM. PHCYHOK) [14].

3 2 5 1 1210 9 7

VCTpoHiCTBO U1 MeXAHIIPOBAKHOI YGOPKIL My Ts<IpyIOMet IUTEHKII If THIOKIIX HOTIBHEIX TEHT:
1 — paMa C OMOPHEIMII KOJIECAMIL; 2 — OTBAT; 3 — CerMEHTHEN MEXAHIIZM JULT Pe3KIT PACTeHIL
4 — peJlyKTOp; 5 — HAKTOHHBIIT TPAHCTIOPTEP; 6 — MYTBYNPYIONIAT IUTCHKa;
7 — HAMOTHIIK JTGHTE! KAIIeTHHOTO OPOIISHILT;
8 — IIIPOMOTOP; 9 — peMeHHEII IPHBO; 10 — MeXaHI3M PacKIaIKIL;
11 — HAMOTHIIK MyT-HIIPYOIeif IUTEHKIL; 12 — JeHTa KAIETBHOTO OpOIIISHIIS

VerpoiicTBo B paboyeM NOTOXKEHII OIHpaeTcs Ha JBa OMOPHEIX Kojleca (1) I HaBecHOe YCTPOficTBO
TpakTopa. B TPaHCIOPTHOE MOJI0KeHIe YCTPOHCTBO IepeX0iT TPl IOMOIIH HaBeCKI TpakTopa. B mpo-
Tlecce paGOTHI OMOpHEIE Koeca yCTPOICTBa, Kak y OYKCHpYIOMIEro TPaKTopa, MepeMelIaloTcs 1o KpasM
MyJIbUHPOBAHHOI MONOCH, PEeKyINIil ammapaT 3a CueT ONyCKAaHHA HABECKH TPAKTOpa ONHpaeTcs Gam-
MaKaMHl O MyIbUIpPYIOIYI0 MOBEPXHOCT. IIpH INepeMelleHIMH BHICTYMAlONINe CTeOMH pacTeHHit Haj
MyJIbuelf CKalINBaOTCA ¢ IOMOIIBI0 MeXaHH3Ma KomleHns (3), mpuBoxuMoe or BOM TpakTopa, coein-
HEHHOTO ¢ peykTopoM (4). Kpasd Mymsunpyromeii IITeHKH TOCTe CKAIIHBAHIA PaCTHTeTbHOIT Macchl 13-
BIIEKAIOTCA I3 TIOYBHI ICKOBBIMII OTBaIaMH (2). CKOIIeHHas Macca BMeCTe C My/IbUIpyIomet MmieHKoil
(6), mepeMeIasich 10 HAKIOHHOMY TpaHCHOpTepy (5), cOpackiBaeTcs Ha HOBEPXHOCTh IIOJIA, TIPH 3TOM
CKOPOCTb CKOINEHHOII Macchl I IUIeHKI IMeeT HyleBOe 3HaueHIe II0 TOPH30HTATBHOI IIIOCKOCTIL
VianeHHas MyJIbUHpYIONIas IIeHKa MOCTe HAKIOHHOTO TPaHCIIOpTepa HaMaThIBaeTcs Ha GapabaH HAMOT-
unka IeHKH (11), a jeHTa, mpoiind yepe3 MeXaHH3M packitaiki (10), HaMaThIBaeTCs Ha HAaMOTYHKe
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TeHTH! (7), IPHBOMNMEIE B JBIDKEHHe IIPH IOMOIIN peMHeil (9) 0T THapompuBojga (THIPOMOTOp) (8).
Hak/IOHHBII TpaHCIIOpTep TakKe paboTaeT OT THAPONPHBOA, Kak 6apabaH HAMOTKIL

Takum 00pa3soM, IpeJIaraeMoe yCTpOiiCTBO A1 MeXaHI3HPOBAHHOI YOOPKH My IbUNpYOmell ITeH-
KII Hl THOKHX TIOTHBHBIX JIEHT I03BOISAET PACIIIPATH (YHKINIOHATEHEIE BO3MOXKHOCTH 3 CUeT ICIONb30-
BaHHA KOHYCHOTO NIPHBOJHOTO YCTPOiicTBa OGapabaHa HAMOTKH ILTeHKH. IIpH 3ToM B KadecTBe GapabaHa
HAMOTKH HCIIONIB3YeTCs HAMOTOUHBIIT Ball IUTEHKI, KOTOPBIT pa3MeliaeTcs MekIy KOHYCaMil yCTpOiicTBa.
TlocTe OKOHYAHIIA HAMOTKII ILIEHKH Ha GapabaH TPaKTOPHCT MOXeT COPOCHTH ee B Biije YIaKOBaHHOIO
py7oHa B yIO0OHOM MecTe IyTeM IepeMelleHNs peryara. IIpHm 3ToM KOHYCHBIE 3aKIMBI GapaGaHa pac-
KPBIBAIOTCS I COPAcCHIBAIOT ABTOMATIYECKH 3allONHEHHEI PYNoOH 6e3 ydacTHs IONOTHHTETBHOIO OIle-
paTopa (mpruenmmika). bapabaH ¢ IeHTOil Takke ymalaseIcs ¢ Bala HAMOTYIKA JIEHTHI IPH IOMOIII
3@KIMHOTO MeXaHH3Ma.

3akmouenne. 14 obecredeHns SKOIOIIIeckoil 6e30IIaCHOCTH CebCKOX03SICTBEHHOTO IIPOH3BO/I-
CTBa CIIe/lyeT COOIIOAATh arpoTeXHHUeCKIle, SKOTIOrIeckie TpeGOBAHMNA C YUIETOM HPHPOIHEIX 0COOeH-
HOCTell 3eMelbHBIX pecypcoB. C IIHPOKHM IPHMEHEHIeM SKOTOKCHKAHTOB BO3HIKIA HEOOXOMIMOCTh
TIPOBEJIeHNs arposKONOrHYECKOr0 MOHHTOPHHIA 33 COCTOSHHEM IIOYUBEI, BOJBI BO3JyXa H pPacTeHHIL.
TaxKe 114 00eCIeYeHIs SKOIOrYeCKOil 3aIHThl HeMATOBAKHBIM ABIAETCS YMEeHbIIEHHe H30bITOYHOTO
HCTOB30BAHNSA IHTATeNbHEIX BellecTB H BOJBI. Be3ycloBHO, COBMECTHOe HCIOJb30BAHHE CHCTEM Ka-
TIeTIBHOTO TIOJIHBA I MyIHUHPOBAHILS OYBH MOTHATIIIEHOBOIT IUTeHKOIT ABMIAeTCA S()EKTHBHOI I pecyp-
cocheperaromeii celbcKOX03siICTBeHHOII TexHoIorneil. IIpn 5ToM IpH MOATOTOBKe MoJeil K clexyromert
TocajIKe Ilelecoobpa3Ho YIaIATh C IOBEPXHOCTII BCe TOMIMEpHbIe OCTATKH. IIpHMeHeH e pyIHOTo TpyAa
JUIS 3TOTO BechMa 3aTpaTHo. Co3/[aHIile YKa3aHHOTO CIIEHATHEHOTO YCTPOIiCTBA I yJAleHIs MyIbUIl I
THOKHX NOTHBHBIX JIEHT CYIIECTBEHHO ONTHMH3HPYeT Ipollecc 00pabOTKH OpOMAeMBIX IIaXOTHBIX Mac-
CIBOB JUIS 5KOIOTHYECKH cOaNTaHCHPOBAHHOTO BeJIeHIS CeTbCKOr0 X03siicTRa.
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AVBLI INAPYAIIBLIBIFBIHA SKOJIOT HSUIBIK KAYIICI3IIKTI KAMTAMACBKI3 ETY

AHHOTamusl. MaKanajia aybll MapyalIbUTBFBIHEH JaMyBIH KapKBIHIATY HOTIDKECIHNE TMaiita GomaTsiH 3K07I0-
TISUIBIK, IIpoGIeMaap KapacTHIPSULILL. TIoMISTIIeH YINip/l sKaOBIHIAYIIBl peTiHae KeHiHeH KOJIaHbLIyBbHA Oail-
TIAHBICTBI, OHBIH KaIIBIKTAP5 TONBIPAKTA JKIHATYBIHA ATBII KEMIi, COX CeOENTeH aybul MapyalIbUIbK JaKbIIaphl-
HBIH JIaMYBIHa JKoHe KOpIIaFaH OpTaFa Tepic acep eTTe.
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ENVIRONMENTAL SAFETY IN AGRICULTURE

Abstract. The article shows environmental problems by the intensification of agricultural development. The
use of a polyethylene film as a mulching material led to the accumulation of its residues in the soil, thereby creating a
negative impact on the environment and the development of crops.

Keywords: agriculture, environmental problems, pesticides, mulching film, drip irrigation, flexible irrigation
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VJK 635.1/8
HCCJIEJOBAHHUE COITPOTUBJIEHHS IIOYBBI IIPU HAMOTKE
MVYJIBYAPYIOIEN INIEHKHA

Huss6aes Anuiabxan KuzarommHoBHY
JlokTopaHT (akyapTeTa [T-TeXHOIOr Hil, ABTOMATH3AIHE U MEXaHH3aI[HH
arpoNpoMBIIIIeHHoTo KoMIUTekca, KasHAY
Hayunsle pykoBoauTen — Xa3umoB Mapart JKanenosud (KasHAY, Kazaxcran),
Tanew Yanopa Fopa (I'ocyoapcmeennviii Viueepcumem Llmama Muccucunu, CII4)

AnHoranusi: IToMHMMepHBle IUIGHKH IIPH BBIPAIIMBAHHH OBOIIEH M1 MYIbYHPOBAHHS
TOYBEl HANLIA OONBIIOE IIPHMEHEHHE M3-32 IIONOKHTENBHOTO >(pQekTa, Kak CHIKECHHe
TPOPACTAaHHS COPHBIX PACTEHHil, SKOHOMHH IIOJIMBHOH BOJBI, OOecIeueHHe DaHHeH IOCaIKH
paccasl H Co3aHHSA KOMGOPTHBIX YCIOBHI JUIS PACTEHHIT C LENbIO OMYIEeHHs BRICOKHX YPOKaeB.
Hapsny ¢ momoxuTelsHBIMH 3(deKTaMH BBLIBICHBl H HETaTHBHOE BIMSHHE Ha IOYBY H
KyJIbTyPHBIE pacTeHHs. OIHHM H3 IIyTeil PelTeHHs 5Toil NPOGIeMbl, IBIIeTCS MEXaHH3HPOBAaHHOE
yIaneHHe MyIbYHpYIONIell IVIEHKH C IIOBEPXHOCTH MO B OCHOBHOM yHajeHHe HPOHCXOMHT 3a
cYeT HAMOTKH IIIEHKH Ha MEXAaHH3M HAMOTKH YCTDOHCTB, ClIeJOBAaTENIbHO, LENbI0 PAGOTHI SIBILIETCS
olpezielleHHe COPOTHBISHHS OYBbI IPH HAMOTKE MYIIbUHPYIONIeH IIIeHKH.

KiroueBble ¢j10Ba: MyIBUHPYIOIIAs MOTHITHIECHOBas IUIEHKA, CONPOTHBICHHE IIOUBBI,
TIOTOHHBII MeTp, PaCTHTENIbHbIe OCTATKH, HAMATHIBAIOIIHI MEXaHH3M.

1. Beenenne

Il1acTHKOBBIE ~ MyJIbUMpPYIOINME  IUIGHKH  HCIONB3YIOTCS ~ IIPH  BEIPANIHBAHHH
CeITbCKOXO3SHCTBEHHBIX KyIbTyp VIS M3MEHEHHs TeMIepaTyphl IOUYBBI, COXPAHEHHS BIAXKHOCTH
TIOYBBI M CHIDKEHHA IIPOPACTAHHS COPHSKOB, YTO B KOHEYHOM HTOTE IOBBIIIAET IPOXYKTHBHOCTH
CeITbCKOXO3SHCTBEHHBIX Ky/IbTyp [1]. IIoNH3THICHOBBIE IUIEHKH HamOOJee 9acTO HCIONb3YIOTCS
TIPH MY/IbYHPOBAHHH IIOYBBI, MOCKOIBKY OHH SBIISIOTCS HEJOPOTHMH H OTIHYAOTCS BBICOKOMH
TIPOYHOCTBIO H THOKOCTBIO. OJJHAKO IIHPOKOE HCIIONB30BAHHE IOJTHATHICHOBOH IUICHKH IIPH
MY/IBYHPOBAHHH, IIPHBENIO K CePbe3HOMY 3arpsI3HEHHIO OKPY:KaIolei cpefsl [2].

B mocienHue ToAB! AKTHBHO HMPOBOMUTCS IOHCK 3aMEHHTeNel MOIHATHICHOBOH IIEHKH B
KagecTBe MyJIbYH, B TOM 4HCIe OHOpasjlaraeMble MOJHMepHble IUIEHKH. OIHAKO NpHMEHEeHHe
GHOpa3IaraeMoil MONTHMEPHOH ILIEHKH, HCIONb3yeMOil B KadecTBe MYIBYH, OKa3alH CIIBHOE
HeTaTHBHOE BIHSHHE KaK Ha POCT PAaCTEHMsi, TaK H HAa CTPYKTYDHBIH COCTaB IIOYBBI IIyTeM
TIPOHHKHOBEHHS B COCTaB IIOYBEI IOCie pasinoxkeHHs [3, 4]. IloMuMo 3Toro, GHopasIaraeMble
TOTHMepHBIe MY/IBYHPYIONIHe IUIEHKH PAacTPeCKHBAIOTCS IHPEKIEBPEMEHHO B 3aBHCHMOCTH OT
HMHTEHCHBHOCTH COJTHEYHBIX TydeH, UTo TakKe HEraTHBHO BJIHSAET Ha POCT H Pa3BHTHe KyJIbTYPHBIX
PAacTeHHI, IpeKpallas CBO0 (YHKIIHIO KaK MYIbYHPYIONIHIT MaTepHal.

TIpu MyIPYHPOBAHHH GOJBIIMX IIOMAAE OMHMEPHBIME MaTePHAIAMH, yIaleHHe IICHKH
Tocae yOOpKH ypoxas SBISETCS OYeHb TPYHOEMKHM. B CBS3H ¢ STHM JUIS yNaleHHS IUICHKH,
TPeOyIoTCS MeXaHH3HPOBAHHBIE CPEICTBA YMEHBIIAIONIHe TPYHOEMKOCTh H IIOBBIIIAKOIIHE
TIPOH3BOIUTENBHOCTs TpyAa. Camell D. n Apyrue ONMCBIBAIOT HeTHIPE OCHOBHBIX CIOCOGa:
CXKHTaHHe, QH3HIecKoe yAaleHHe, yaleHHe H XpaHeH e IIACTHKOBOI MyIbaH [5, 6].

Jlis depMepoB CXKHTaHHe MyJIBYHPYIONIEH IUIEHKH Ha IIONe OTHEBBIMH KyIbTHBAaTOPAMH,
cYHTaeTcs HaHOolee BBITONHBIM, He TPeGYIONIEro MOCIeAYIOIIHX ONepalii, TaKHX Kak cGop,
TPAaHCIOPTHPOBKA H IepepaGoTKa. ONHAKO IPH CKHTAHHH, H3-33 HH3KOH TeMIepaTypsl TOpEeHHS
(200-315 °C) 1 HaIMIHA OCTATKOB IUIEHKH IO 3eMJIeH, mopska okomo 10% (3agenaHHas 4acTh
TUIEHKH IO II0YBOI IIPH MyIbYHPOBAHHH) IIPOHCXOIHT HEIOMHOE e€ cropanme. IIpH CKHraHHH
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TIOJTHMEPOB OCTATKH YAOOPEHHUI H IIECTHIIHIOB TaKXKe IIOIBEPTaAIOTCS K CKUTAHHIO, YTO IPHBOIUT
K 00pa3oBaHMIO 3arps3HHTeneil Bosgyxa [6]. II0STOMYy ¢ TOYKHM 3pEHHsS 5KOIOTHIECKOMH
6€30ITaCHOCTH OCTaeTcsl Golee MPABHIBHBIM — yOOpKa IOTHMEPHBIX OCTATKOB C IOBEPXHOCTH
OIS B IOCIey0OpOUHEIil mepHos. IIporecc ylaneHHS MyTbUHDYIOIIEH IIEHKH HpelcTaBIIeTcs
OJIHUM H3 TPYJOEMKHX IIPOIeccoB (10 64 dern - gac/ra) [7, 8], Tak Kak dacTb (mopsaka 10%) mieHKH
HAXOJUTCS B YIUIOTHEHHOH IouBe (TIPONOIBHBIE Kpas) H H3 HephOPHPOBAHHBIX OTBEPCTHI
BBICTYIIAIOT OCTATKH CTeGIeil, KOTOpBle MPEISMTCTBYIOT YAAICHHIO IUIEHKH C II0BEPXHOCTH IIOYBEL.
B HacTosmiee BpeMs pa3pa0OTaHBl MHOXKECTBA MEXAHHM3HPOBAHHBIX CPENCTB IS yJaIeHHS
TIOIMMEPHBIX OCTATKOB C IOBEPXHOCTH N0k [8, 9, 10, 11], mpHHIMI paGoThl KOTOPEIX B OCHOBHOM
BBINOJIHACTCS 3a CYET HAMOTKH My/IbUHpYIOIIeil ITIEHKH Ha HAMATBIBAIOIIHIT MEeXaHH3M.

B Ka3axckoM HAIlHOHATBHOM arpapHOM YHHBEPCHTETe IIPEIUIOKEHO YCTPOHCTBO IS
MEXaHU3HPOBAHHOH YOOPKH MyJIbUHpyIOUIell IUIEHKH C IOBEPXHOCTH Iois (PHCYHOK 1).
Y cTpoiicTBO COePKUT paMy ¢ OIOPHBIMH KOJIeCcaMH 1, 3akpeIUIeHHbII Ha paMe B IepeJHel JacTH
OTBall 2, yCTAaHOBJIEHHEIH IIepe]] 0TBAIOM IOIEePEeUHbIH CerMeHTHBII MeXaHH3M Pe3KH pacTeHHuit 3 ¢
TIPHBOJHEIM PeIyKTOPOM 4, HAKIOHHOTO TPAHCIOpTepa 5 IS MOJAa4M IUIEHKH 6 M CKOIIEHHBIX
OCTAaTKOB PACTHTEIBHOH Macchl 7 ¢ IOBEPXHOCTH 0N, THAPOMOTopa 8, 6apabaHa M1 HAMOTKH
MyJIbUHpPYIOIIeH ITeHKH 9.

\ I'nfias nepeaseia

2 5 1/ 8/ 9/
PucyHok 1 — YcTpoiicTBo A1 MeXaHH3HPOBaHHOH yGOPKH My IbUHpYONIeil IIeHKH ¢
TIOBEPXHOCTH TOJI

VerpoiictBo B paGodeM IOJTOKEHHH ONHpaeTcs Ha JBa OINOPHBIX Kojleca 1 H HaBecHoe
ycTpoiicTBo TpakTopa. IIpH mepeMeleHHH ycTpoiicTBa BRICTYTIAIOIIAS JacTh CTeOIM pacTeHHI HaJ
MyIbueil CKAaIIHBAIOTCS C ITOMOLIBI0 MeXaHH3Ma KomeHwus (3), mpuBogumoe or BOM Tpaktopa
depe3 pexykrop (4). Kpas Mynpumpyromeil IUIEHKH IOCIe CKAIIMBAHMSA DACTHTENBHOH MAacChl
H3BIIEKAIOTCS U3 IOYBHI JHCKOBBIMH OTBaTaMH (2). CKOIIEHHas Macca, BMECTe ¢ My/IbUHpYIOIIeH
IUIeHKoil (6), IepeMelasch 0 HAKIOHHOMY TpaHCIopTepy (5), cOpachiBaeTCs Ha IOBEPXHOCTH
mos. YianeHHas MyIbYHpYROIIas IUIEHKA IOCTe HAKIOHHOTO TPAHCIOpTepa HaMaThIBaeTCs Ha
YCTPOIICTBO HAMOTKM IUICHKH (9) NPHBOAMMEI NpPH IOMOIIH peMHeil 0T rmmpomoropa (8).
Haxy10HHBII TpaHCIIOPTEP TaK ke IPHBOAUTICS ¢ MOMOIIBIO THAPONPHBOJA, KAaK GapaGaH HAMOTKH
MYJIBYH.

TIocKOTBKY MEXaHH3HPOBaHHOE YHaleHHe MyIbUHPYIONIeH IOMHITHICHOBOH IUICHKH
TIPOM3BOMHUTCS B OCHOBHOM MEXaHH3MaMH HAMOTKH, LEIbI0 DPaGOTH SBISETCS ONpeleleHHe
COIPOTHBIICHHS ITOYBBI IPH HAMOTKE.

2. Matepuaibl H MeTOIbI HCCIeT0BAHMAS

JUI1 ompeneneHHs CONPOTHBICHHS IOYBHI IIPH yJaleHHH MYIbYHpYROIIeil IICHKH, OBUIH
BBICAKEHBI paccalbl TOMaTa, IepIla, OakIakaHa M KaIyCThl IO MYJIbUHDYIOIIyIO IUIeHKy. C
mmMpHHOH IvieHKH 500 MM H TommmHo# 0,100 MM. Ha TMOTOHHBIH MeTp BBICAXXKHBAIHCH IO 4
paccasl (DHCYHOK 2).
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PrcyHOK 2 — BhlcaKeHHBIE CeTbCKOXO03SHCTBEHHBIE KYIBTYPHI IO MYTbYHPYOLIYIO
TUIEHKY

Pa3paGoTaHO YCTPOHCTBO AT HAMOTKH MYJIbUHpYIOIIEil IUTeHKH (PHCYHOK 3), KOTOpoe
COCTOHT U3 paMmbl-croiiku (1), Bama ¢ Tpy6oil is HaMOTKH (2) H 3IEKTPOHHOTO
JHHAMOMeTpHYeckoro Kitoda (3) GROSS Model 14164.

3 2 1 4 »

Pucynok 3 — CxeMa 1 oOmuit BHJ] yCTAHOBKH JJI OIPe/ieTIeHNs CONPOTHBIEHHS II0YBHI IPH
HAMOTKe

Ha Banm ycTpofictBa HaMaThlBalach MyJbUHpYIOIIas IUTeHKa (4) mmpuHOil 500 MM H
TornumHOH 100 MKM (¢ mepdOpHPOBAaHHBIMU OTBEPCTHSAMH) C 3ajle/JaHHBIMH KPasMH B IIOYBY Ha
Tay6uny 100 MM. [[HHAMOMETpPHYECKHUIT K04 (HUKCHPOBAI MaKCHMAIbHOE 3Ha4eHHe KPYTSIIETo
MOMEHTa Balla IIDH HAMOTKE MyIbYHPYIONIell IUIEHKH. 3aMepbl HPOBOIHIHCH B IISTHKPATHOH
TIOBTOPHOCTH C IIPEOJOTEHHEM CONPOTHBJICHHS KOPHEBBIX OCTAaTKOB, CPE3aHHBIX PAacTeHHH, a
TakKe Oe3 HUX. MI3MepeHHe IIPOBOMIIOCH B MeCTax IOCAJKH II0]1 MyIbYHPYIONIYIO IUTEHKY ToMaTa
U Iepua. Bsicota cpesa creGieil (5) oT moBepxHocTH monsd cocTtaBitia 80 — 100 MMm.
CompoTuBIeHHe MOYBH (R) IPH HAMOTKE ONPEeILIOCh IMyTeM JeleHHS IMOKA3aHHS MOMEHTa
Kpyderus (M) TMHAMOMETPHIECKOT0 KIII0Ya Ha paauyc () HaMaThIBaeMOH TpyGbI:

rR=2
r
3. Pe3y1bTaThl HCCJICI0BAHHS
Omnpeienenne CONPOTHBIEHHS IIOYBBI IIPH HAMOTKE IUIEHKH Ha Ball yCTPOHCTBA B MeCTaxX ¢
KOPHEBBIMH OCTaTKAMH CO CPe3aHHBIMH CTeGIAMH TOMaTa M Ileplia, a Takke B MecTaXx 0e3
PACTHTENBHBIX OCTATKOB IIPEJCTABJIEH HA PUCYHKe 4.
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PucyHok 4 - ConpoTHBIeHHe IT0YBBI IPH HAMOTKE IIIEHKH

IIpn mpOBEeNEHHH M3MEPeHHs B ITHKPATHOH IIOBTODHOCTH, CpelHee 3HadeHHe
COIPOTHBIIEHUS ITOYBHI ITOKA3all CIEIyIOIIHe Pe3yIbTaThl: 6e3 pacTUTEIbHBIX 0CTaTKoB — 169,8 H;
C PAcTHTEIBHBIMH OCTaTKaMH ToMaTa — 346,2; ¢ pacTUTeIbHBIMH OCTaTKaMHU Iepra — 266,0 H.
AHaM3 TPOBENEHHOTO HCIIBITAHMS IOKa3al, 4TO CPe3aHHBIe PACTHTEIbHBIE OCTATKH H PBHIXTIAs
T0YBA BIHSIOT Ha CONPOTHBICHHE IIOYBHI IIPH HAMOTKE IUICHKH, YTO BBI3BANO BapBHPOBAHHE
TOKa3aHMil Ha THHAMOMETPHYeCKOM IpHOope. IToTydeHHbIe 3HAYeHHS HCCIENOBAHHA II03BOJIIIOT
YUHTBIBaTh YCHIIHE IIPH KOHCTPYHPOBAHHH MEXaHH3Ma YCTPOHCTBA I HAMOTKH ILIEHKH.

4. 3akn0venne

CoBpeMeHHble IPOOTEMBl 3arps3HEHHs IOJell OCTaTKAMH IONHMEPHBIX MAaTepHAlIOB,
TIPHMEHSEMBIX IIPH MY/IBYHPOBAHHH IIOYBEI, TPEGYIOT IPETyCMOTPETh TEXHOJIOTHIO SKOJIOTHIECKOH
6e30IIaCHOCTH INIpHpOJbl. B jmaHHOH cTaThe, ObTa paccMOTpeHa pa3paboTKa YCTpoicTBa VIS
yHaleHHs MyJIpUHpYIONleH IUIEHKH ¢ IIOJI1 B IIOCIEyOODOUHBIH IIepHOX I JAaibHeHmeit
ymmmsamu. KadecTBO HAMOTKHM IUIGHKH pa3paGOTaHHBIM YCTPOHCTBOM MOJKET CSKOHOMHTB
TIOACKHE M MaTepHAIbHBIE PECYPCHI, O0OECIEeUHTh MHHHMH3AIHMIO TPAHCIOPTHPOBKH IIyTeM
TOBBIIIEHHS KO3(QHIHEHTa TPY30NMOXBEMHOCTH TPAHCIOpTa JUIT IIePeBO3KH K MecTaM
TepepaboTKH WIH XpaHeHHS. OCHOBHBIM 3JIEMEHTOM NI yHajleHHS MyIbYHPYIOIIeH ILIEHKH Y
Pa3pabOTaHHBEIX YCTPOHCTB, SBISETCS HAMATHIBAIOIMI MeXaHH3M, 00eCIeUHBAIONINI HACTPOHKY
HEOOXOJHMOro KpYTSINEro MOMEHTA HAMATBHIBAIONIETO MEXaHH3Ma depe3 IPeJOXPAHHTEIbHYIO
MydTy. IIpH IPOEKTHPOBAHUM YCTPOHCTBA OBLIN YITEHBI JaHHBIE Ta0OPATOPHBIX HCCIIETOBAHUI
IO ONpeJeTeHHI0 CHJIBI CONMPOTHBICHHS IOYBBI IS KadeCTBEHHOH HAMOTKH MYJIBUHPYIOIIEH
TUIEHKH.
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VJK 637.12:636.085
BJIUAHUE KOPMOBBIX TOBABOK HOBOT'O IIOKOJIEHHA HA MOJIOYHYIO
IIPOIYKTUBHOCTH KOPOB

Abaypacyiosa Aiirepum Ep:kaHoBHa
MarucTp ¢/x Hayk, accucTeHT HAO «Ka3axcKuil Hal[HOHATBHBII arpapHbIi YHHBEPCUTETAY,
ACCHCTeHT, 3aBeAyIomIuii Ta6opaTopueit EpxanoBa I'yinsiieiv Ky6aesHa,
MarucTp ¢/X. HayK, acCHCTeHT baiicaGblpoBa AfikaH AHKBIHOBHA,
MArucTp ¢/X. HayK, accucTeHT Toneren Tanrar J[ay1eTHAPOBHY
Anmarsl, Kazaxctan

AHHoTanmus: B JaHHOH cTaThe NIPHBOIATCS CBEIEHHS O BIHIHHH KOPMOBBEIX J0OABOK
HOBOTO IIOKOJIEHHS HA MOJIOYHYIO IIPOTyKTHBHOCTb.

KiroueBble cl10Ba: PAIMOH, KOPMICHHe, KPYIHBIH pPOTATBIl CKOT, JOMHBIE KODOBBI,
KOPMOBBI€ JOOABKH, ITPEMHKC, MOJIOUHAS IIPOTYKTHBHOCT.

MHOroeTHs 1 NPAaKTHKA JKHBOTHOBOJACTBA 3apyOEKHBIX CTPAaH IIOATBEPIHIA BBICOKYIO
5} })EKTHBHOCTh IONTHOLEHHOTO M COATaHCHPOBAHHOTO KOPMIEHHS MOJOYHOTO CKOTa IIO
JleTaTH3HPOBAaHHBIM HOpDMaM KODMIEHHS: TOJ0BOH yJolf kKopoB moBblmaercs Ha 450-600kr,
CpeHEeCyTOUHbII IIPHPOCT - IOYTH B 2 pasa, yMeHbIIAeTCS PacX0X KOPMOB Ha 1kr mpupocta. IIpn
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CHIIATTaMAChl KENTIPLITeH, O CYpJIeM MaccachlH aya OTKI30EHTIH IONMITHIEH IUICHKACHIHAH
JKYMcaK KOHTefiHepiIepe BaKyyMAayIaH TYPaIbL.
Kinm ce30ep: cyplem, MaI a3bIFbl, Callachl, TEXHOTOTHA, KYMCAaK KOHTEHHep, BAKyyM/Iay.

INNOVATIVE ENERGY AND RESOURCE-SAVING TECHNOLOGY FOR PREPARING AND
STORING SILAGE IN SOFT VACUUM CONTAINERS BY USING A MOBILE UNIT IN THE
FIELD (FROM UNDER A COMBINE HARVESTER)

Nekrashevich V.F.}, Sagyndykova Zh.B.%, Khazimov K.M.%,
Akhmetkanova G.A.%, Khazimov M.Zh.

Ryazan state agrotechnological University named after P.A. Kostychev, Ryazan, Russia
’Kazakh national agrarian University, Almaty

Abstract

This article presents an analysis of modern classical silo preparation and storage systems and
their main advantages and disadvantages. It is shown that the main disadvantages are: high cost of
storage, large losses of silage mass and nutrients, not always fresh silage is fed to feeders to animals
due to repeated fermentation after opening the storage. The description of the technology and means
of mechanization of the proposed method of silage, which consists in vacuuming the silage mass in
soft containers made of airtight polyethylene film, is given.

Key words: silage, feed, quality, technology, soft container, vacuuming.

V]IK 635.1/8

MHTEHCHOUKAIIWSA IIPOM3BOJICTBA OBOIIEH ITYTEM UCTIOJIb30BAHUS
MVYJIBYUPVYIOIMEU INTEHKUA M TUBKUX JIEHT KAIIEJIbBHOI'O OPOIIIEHU A

Husiz6aes A.K., Xasamos K.M., Xasumos M.JK.
Kaszaxckuti HayuoHanbHuill azpapHuiii yHueepcumem, Anvamot

AHHOTAIHS

CTaThsl IIOCBSIINEHA HCCIEHOBAHHAM IO INPUMEHEHHMIO MYJIBYHPOBAHHA M CHCTEMBI
KaIlleIbHOTO OpOLIEHHS B CEIbCKOXO3AHCTBEHHOM IIPOM3BOACTBe PecmyOiumkn Kasaxcras.
ONHUCHIBAIOTCS MHTEHCH(HKAIMS HTPOH3BOJCTBA OBOIIEH ITyTeM HCIIONb30BAHHSA MyJIbYHPOBAHHI
TOYBBl H KAIleTbHOTO OPOIIEHHS OCHOBHBIE NPEHMYIIECTBA M HEIOCTaTKH. IIpescTaBIeHEI
Pe3yIIBTaTHl HCCIIEN0BAHMIT [0 HHTEHCH(HKAIIMK H Pa3paboTKH KOMIIIEKCA MAIIHH, BKIIOYAIONIHI
B ce0s: arperar JUIS My/IbYHPOBAHHS IIOYBBI, YKIAAKH THOKHX IIOTHBHBIX JIEHT KalleIbHOTO
OpPOIIEHHS, CPeACTBA I BOJOCHAGXKEHHI M BOJ pAacIpeleleHHs, arperar i yHaleHHT
MyJIBYHpYIOIEH! ITeHKH M0CTIeyGOPOYHBIi ePHO, a TaKKe HCCIeI0BAHHI 1T PaCIIHPEHHS STOro
HanpaBJIeHHs.

Knioue6vie cno6a: MyIbUHpYIOIIas IUIeHKa, JIEHTa KAlleIbHOTO OPOIIEHHS, IIPOH3BOICTBO
oBoIIeH, ypoKaitHOCTb.

Beegenue
D deKTHBHOCTH PaCTEHHEBOACTBA AOCTHTAETCS CTAGIIBHBIM IOBBIIIEHHEM YPOKAHHOCTH
CeITbCKOXO3SHCTBEHHBIX KyIBTYp ITyTeM BHEJPEHHsS HayJHO-000CHOBAHHBIX CHCTEM 3eMIIeIeNHI
TIPHMEHHTEIBHO K KOHKDETHBIM IT0YBEHHO-KIHMATHUECKHM YCIOBHAM. IIDH 5TOM OCHOBOMH
ArpOTEXHHYECKHX MEPONPHATHII SBJIETCS CO3JAHHE YCIOBHIl NI COXPAHEHHS H IIOBBIIICHHS
395
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TIPOIYKTHBHOCTH IOYBHI KaK BaKHEHIIIEro KOMIIOHEHTA SKOCHCTEMBI «I1049Ba-PacTeHHe-BO3AYX». B
9TOi 3KOCHCTEMe OCHOBHYIO POJIb HIPaeT Bllara Kak CBSI3BIBAIOIIee 3BEHO IS TPAHCIOPTHPOBKH
THTAaTeTBHBIX BEINECTB OT IOYBBI K PAacTeHHI0. KadecTBO BBINOTHEHHS OTACTBHBIX OIEPAIHH
06pabOTKH IOYBBI BO MHOTOM 3aBHCHT OT e¢ ()H3HKO-MEeXaHHYECKHX H TeXHOJIOTHYECKHX CBOMCTB,
THIIA H ITapaMeTPOB PaGOdHX OpraHoB. Bce CBOMCTBO IMOYBEI, 38 HCKIIOYEHHEM €€ MEXaHHIEeCKOro
COCTaBa, ITOJBEPraeTcs 3HAUHTENBHBIM H3MEHEHHSAM, OOYCIOBIEHHBIX IOTOJHBIMH YCIOBHAMH,
CMEHOI KyJIBTyp CeBOOOOPOTa, BHECEHHEM B II0YBY MHHEDATIBHBIX H OPTaHHYECKHX YIOOPEHHH H
crocoGoM IpefnIecTByromeil o6paboTku. OTMedeHHOoe ocoboe 3HadeHHe IpHOOpeTaeT JUIL
ycnoBuit PecryGmukn KasaxcTaH, KoTopas HAXOXHTCS, B 30HE ¢ JOCTATOYHBIM PHCKOM OCAJKH
BIaTH KaK XapakTepHs! 11 crpaH Cpennelf Asum.  IIpHPOJHO-KIHMMAaTHYECKHE YCIOBHS
PECIyOIHKH OIpeleIsIoTcs pe3Koi KOHTHHEHTAIBHOCTBIO H 3aCyIUIHBOCTBIO. B IOXKHBIX 30HAX
PECIyOIHKH PACIONOKEHB! KAaIITaHOBBIE MOYBBI (33,2%), MOJpa3IeliomIuecs Ha TEMHO-
KaIlITAHOBBIE H CBETIIO-KAIITAHOBBIE II0YBBI OITYCTOLIEHHO! CTENH (IOMyIycTHIHH) [1].

TlouBeHHO-KIHMAaTHIeCKHe YclIoBH Ka3axcTaHa IIO3BOJSIOT IIPOM3BOACTBO OBOMICH H
(GPYKTOB IIpH HPaBHIBHOM HCIOJNB30BaHHH 3eMienenms. OJIHAKO, CTOMMOCTb OBOIIEH
XapaKTepH3yeTcsl KpaiiHe BBICOKHMH IIOKa3aTeIsMH, Jake B KOHIe yGOpkH ypoxas. Cmax
TIPOU3BOJICTBA OBOIIEH M GaX4eBBIX KyIBTYp OOYCIOBIEH HH3KOH peHTabGenbHOCThIO. Huskas
PeHTabeIbHOCTh CBS3aHa ¢ GOJIBLIIMH 3aTpaTaMH PyIHOTo TpyzAa (Goxee 1000 wen/gac Ha rekrap
3a CE30H) M3-33 OTCYTCTBHA KOMIUIEKCHOH MEXAaHH3HPOBAHHOH TEXHOJOTHH. 3a IOCIEIHHE JIBa
rona B KasaxcraHe HaGII0qaeTcsl yBeIMUeHHe UMIIOpTa oBomeil u GpykToB Ha 30%. KasaxcTaH 3a
cYeT COGCTBEHHOTO IPOHM3BOJICTBA IONHOCTBIO 0GECIEUHBAET CBOIO MOTPEGHOCTH B OBOINAX, a B
¢dpykTax T0IBKO Ha 68%.

B BeIymmx CTpaHAaX MHpa, OCHOBHEIM (DaKTOPOM 3KOHOMHYECKOTO POCTa CTaHOBHICS
BBIITYCK KOHKYPEHTOCIIOCOOHOH NpORYKIMH. OCHOBHBIMH (JaKTOPaMH B STHX HAaNpaBIeHHIX
SIBIIIOTCS BBICOKO3()(heKTHBHBIE HOBBIE TEXHONOTHH H CPEICTBA IPOM3BOACTBA. I COXpaHeHHS
TLIOJOPOAHS IOYB, NMOTYYeHHS UHCTOH SKOTOTHYECKOH MPOTYKIMH B JOCTATOYHOM 00beMe IpH
COKpAIlleHHH OOINeH IUIOmAH IOCeBOB, HEOOXOAMMa pa3padoTKa IPHHIMIIHAIBHO HOBBIX
TEXHOJIOTHH M TEXHHYECKHX CPEICTB IPOH3BOACTBA IS OBOIIEBOACTBA. HamGolee BaKHBIMH
COCTABJLAIONIHMH COBPEMEHHBIX TEXHOIOTHIl SBJLIOTCSA: II0YBA, CEBOOGOPOT WIH €ro 3BEHO,
yIOOpeHHs, ceMeHa (B T.4. IOAGOP COPTOB M THOPHIOB), 3alHTa OT COPHSKOB, BpelHTeNell H
GoJle3Hei, XpaHeHHe MPOXYKIHH H KOMILIEKC MaIlIHH UL HX OCYIIeCTBIeHHS [2].

Han6osee >(p(QeKTHBHEIM HAIpaBIEeHHEM B PEIIEHHH 3THX NPOOGIEM B OBOIIEBOICTBE H
6ax4eBOJICTBE SBJLIIOTCS My/IbYHPOBAHHE MOYBHI IVICHOYHBIMH MAaT€PHAIAMH H DACTHI THOKHX
TIOTHBHBIX JIEHT JUIS KaleJbHOTO OPONIEHHS IIOJ MyJIb4HpYyomeil IUIeHKH. Tak Kak 3TOT IpHEM
TI03BOJIET COXPAHHTH PACXOJl TOJMBHOMH BOJBI, COKPATHTh CPOK BETETAaIlHH PACTEHHI, yBEIHIHTh
TeMIlepaTypy KOPHEOOHTaeMOTo CJIOS, YMEHBIIHTh 3aCOPEHHOCTh IoJeil Ge3 IpHMeHeHHs
TePOUITHIOB H KaK CIIe[CTBHe, HCKIIIOYHTD 3arPS3HeHHe I0YBbI TOKCHIHBIMH BEIIeCTBaMH [3, 4].

MarepHa/Ibl H MeTOIbI HCCIeT0BAHUS

B Hactosmee BpeMs B MHPOBOH IPAKTHKE OCBOEGHHE IIONMSTHICHOBOI IUIGHKH HIET
HApaCTAIOIMMH TeMIIAMH B Pa3IHYHBIX OTPACIIX HAPOJHOTO XO3SHCTBA. B celbckoM Xo3siicTBe
HCTOJIb30BAHNE TOTHATUICHOBOI IUIEHKH HET cTaOhIMK TeMmaMu. OCHOBHOM IPHYHHON c1aGoro
OCBOEHHS MOJIHATHICHOBOI! IVIEHKH VI MyIbYHPOBAHHS SBISETCS OTCYTCTBHE HUIH JOPOrOBH3HA
MeXaHH3HPOBAHHOH TexHolorun. CyINecTBYIONIHe 3apyOekKHBIe TEXHONOTHMH H TeXHHYecKHe
CpelCcTBa He B NOJHEH Mepe COOTBETCTBYeT K IOYBEHHO-KIHMATHYECKHM YCIOBHSIM PeCITyOIHKH
[5]. Bee BbIensnoxeHHoe, a TAK/Ke OIBIT MHPOBOIT MPAKTHKH TPeGyeT HCI0Ib30BaHHe Iepe10BOil
TEXHOJIOTHH 10 MYJIbYHPOBAHHIO IIOYBBI IIOMHITHICHOBOMH IUICHKOH H PACTHIA THOKHX JIEHT JUIT
KaIleIbHOTO OPOIIEHHS IIPH IIPOU3BOACTBE OBOIIHBIX KYJIBTYP B YCIOBHAX PECIyOIHKH C y4eTOM
TIOYBEHHO-KITHIMATHYeCKHX YCIOBHI. M 5To mpemompenenseT HeoOXOAMMOCTh IIPHMeHEHHe
KOMILTeKCA MAIlIHH JUI1 HHTeHCH(UKAIHH IPOH3BOICTBA OBOLIEH M APYTHX KyJIbTyp. IIo maHHOMY
HanpaBIeHHI0 B Ka3aXCKOM HAIlMOHATBHOM AarpapHOM YHHBEPCHTeTe OBLIM BBIIONHEHBI JIBA
npoekta o I'® MOH PK. Ilo pe3ymsraraM IaTeHTHOTO HCCIEIOBAHHSA IOMYYeHBI IAaTEHTHI:
«YCcTpolicTBO IS IOJaYH OPHUKETHPOBAHHOH paccaisl B CPEACTBO JUII ee Iocamku» Ne29914
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(MHHOBAIIHOHHEI MaTeHT B 2015 I. M maTeHT Ha u300peTeHHs B 15.03.2017 r.); «JIHCKOBBIT
BBICOXKHBAIOIIMI aIapaT paccafolocafodHoil MammHb» Ne29915 (2015 r. u mateHT Ha
m306peTeHns B 15.03.2017 r.). IToydeH maTeHT Ha MOJE3HYI0 MOZENb «Y CTPOIICTBO I yaaIeHII
Mymbanpyomeil mieHku» Nel782 (15.11.2016 r.) [6, 7, 8, 9]. B 2017 roxy mis HOTydYeHHS
SKCIUTyaTalllOHHBIX ~IIOKa3aTelell arperara, H3TOTOBIEHBI SKCIEPHMEHTAIbHBIE —OODA3LEL,
Ppa3paGoTaHHbIe KOMIUIEKCH! MAIIHH IIPOILTH HCIBITAHHA B YCIOBHSX HMPOH3BOICTBA (B KazaxckoM
HHMOK).

OTedecTBEHHBI U 3apyOexkKHBIH OIBIT BBIPAIMBAHUS OBOLIell IOKa3bIBaeT, 9TO MyIbUH-
POBaHHe MOYBHI MOIHATHICHOBOH IUIEHKOH CIIOCOGCTBYET COXPAHEHHIO BIIATH H TEMIIEpPaTyPHOTO
PEXHMa, 4ero He IPOHCXOIHT C He MY/IBUHPOBAHHOH I0YBOH. KpoMme Toro, oHo HomaBiIfeT
Pa3BHTHE COPHBIX PACTeHHMil IOX MyiIbdeil. IIpHMeHEeHHe MOJIHMATHICHOBBIX IUIGHOK CO3JaeT
GJIarONPHATHOE YCIOBHE HA Pa3BHTHE PACTEHHIl, HX yPOXKAHHOCTH, a TAKXKe IIOJOPOIHH IOYBEL.
My npuupoBaHHe NOYBBI IPO3PAaYHOI IUIEHKOH IOBBIMIAeT TeMIlepaTypy MouBBI Ha 3...5°C, 4ro
MOJKET HIPaTh MOJOKUTEIHYIO POTIb TIPH 3aTSKHOI, XOJIOIHOIT BeCHe.

OueHp S(QQEKTHBHBIM SBISIETCS HCIONB30BAHHE CHCTEM KaIeIbHOTO IIONHBA IIPH
HMHTEHCHBHBIX TEXHOJOTHSAX BBIDAIIHBAHHMS CEIbCKOXO3SHCTBEHHBIX KyIBTYD, HpeXkIe BCEro —
OBOIIHBIX, KOTJIa Pa3Mep H KauecTBO IOTYJaeMOro ypoiKas B 3HAUHMTEIBHOH CTENeHH 3aBHCAT OT
TOYHOCTH MOINEPKAHUS BIAKHOCTHOTO PeKHMA H PeXKHMA IHTAHHA. B 3aBHCHMOCTH OT cIIoco6a
OpPOIIEHHS KOIHYECTBO ITOTPeOIieMOil BOIBI MOXKET COKpaTHThes mo 30-70% [10]. Ilpu
COBMECTHOM HCIIOTB30BAHHH My/IbYHPOBAHHA MOYBB M CHCTEMBI KaIlelIbHOTO OPOIIEHHS MOXKHO
JocTHYB Gortee 3(eKTHBHBIX Pe3yIbTaTOB BHIPAITHBAHHS OBOIIEH.

B moci1eyGopoHbIil IEpHO IS HOATOTOBKH IIOJIA, paHee HCIIONB30BaHHBIE MOX MyJIbdy,

o~ o~ ges.xHac
MIPH PYYHOH OYHCTKE OT IOJIHU3THIEHOBOH MYIBYH TPYAOBBIE 3aTPAThl COCTABIIAIOT IO 64 —

TIpuMeHeHHe MeXaHH3HPOBAHHOTO CIIOC00a yAAleH S HCIIOIb30BAHHON MYJIBUH MOXKET COKPAaTHTh
BpeMs yGOPKH MyJIbYHPYIONIell INIEHKH B JeCSTKH Pa3, TaK Kak M TOH LENH pa3pabaThiBaeTCs
CIIeNHaNbHOe YCTPOHCTBO M yAATISHHS MY/IBYH H OTXOJIOB PACTEHHH.

JUI4 OPOMBINUIEHHOTO IIPOM3BOACTBA OBOIEH H 0axdYeBBIX KyJbTyp C LEIbIO
HMHTeHCH(OUKAITMH IPOM3BOJCTBA IPearaeTcs paspaboTKa KOMILIEKCA MAIIMH, BKIIOYAIONIHI B
COCTaB: KOMOHHUPOBAHHBIIN arperaT pacTHIa MyJIbUHpPYIONIeH IIeHKH, YKIaJKH THOKOM JTeHTHI UL
KalleIbHOTO OpOLIEHHS M IIOCaiKH pPaccagbl OBOIIHEIX KyIbTyp IIyTeM HCIIONB30BaHHS
ABTOMATH3HPOBAHHOMH ITOJaYH Paccalbl H MOCAIKH paccaisl. IIpH PydHOIl mocaJke BO3MOKHOCTH
dejoBeKa-ollepaTopa He IpeBbIITaeT Goiree 180 paccay B MHHYTy. ABTOMAaTH3AIMSA IPOIECCOB
TI0OJa4YH H IIOCaIKH Paccabl MO3BOIHT YBETHIHTH IPOM3BOAUTEIBHOCTD B Opsake 1,5-2,0 pasa.

Pe3ynbTaThl HCCIETOBAHHS H 00CyKIeHe

Ilo pe3ympTaTaM IIaTEHTHOTO HCCIENOBAHMA IPEIOKEHa HOBas cXeMa MOJAaYH H MOCAIKH
paccasl Ha OCHOBE HCIIOIB30BAHHS PAccaloIocaJ0dHBIX MAIIMH JUIS MYTbYHPOBAHHS H YKIAIKH
THOKOH NeHTHl. ITomydeHbl HHHOBAIMOHHBIE TIATEHTH! H NATEHTHl Ha H300peTeHHs: «YCTPOHCTBO
JUIS TIOa9H GPUKETHPOBAHHOII paccaibl B CPEACTBO UL ee mocankim» Ne29914 (2015 r. 1 2017 1.);
«JTHCKOBBII BBICA/KUBAIONIIT allllapaT PaccafolocagoqHoi MauHbly Ne29915 (2015 . 1 2016 1.).
TloydeH MaTeHT Ha IONE3HYI0 MOJeNb «YCTPOHCTBO JUI yHaleHHS MyJIBYHpYIOMEH IIEHKH»
(2016r.).

TeopeTHIeCKHM IyTeM OIpefeleH TATOBBIH pacdeT arperara UL pacTHIA My/IbUHPYONIeH
TUIEHKH, TTOCAJKH PAcCabl H YKIAIKH THOKHX JIEHT JUIS KalleTbHOTO OPONIEHHS H YCTPOHCTBA JUIT
yIOadeHHs MyITBYHPYIOIIeH IUIEHKH C IOBEPXHOCTH IOJS. AHATHTHYECKH OOOCHOBAHO PEaKIHH
TOYBBl HA IIOBEPXHOCTh JYHKOOOpa3oBaTeds H ONIPeleldeH0 YCKOpeHHe pabodero Koueca
OTHOCHTEIBHO MTHOBEHHOTO LIEHTpa cKopocTeii. ITolydeHa MaTeMaTHIecKas MOIEIb TPaeKTOPHH
JIBIDKEHHS JTyHKOOOPa30BaTelIs.

PaspaboTaH 1a0OpaTOPHBI KOMILIEKC MM M3y4eHHS OCHOBHBIX IIPOIECCOB IOCAIKH
paccamsl OBOIIEH, pacTHIa MyIbUHPYIOIIell IUIEHKH M yHaleHHS HCIOIb30BAHHOH MyIbUH Ha
TIOYBEHHOM KaHase. IIpoBelleHbl TaGopaTOpHBIE HCCIENOBAHHA B IOYBEHHOM KaHAje IIPOIecca
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TOCAJKH paccalbl OBoINeH B IepdopHPOBAHHBIE OTBEPCTHS, a TAaKKe Mpolecca yOOPKH
TIOTHATHICHOBO IUIeHKH. TecTHpOBaHHe PaGOYHX OPraHOB B YCIOBHAX IIOYBEHHOTO KaHAIa Ha
J1abopaTOPHOl YCTaHOBKE MO3BOJHIIO BBIABHTB ONpENeNeHHble HeOCTATKH MEXaHH3MOB II0CaIKH
paccamsl.

Ha ocHOBe TeOpeTHYeCKOro H 3KCIIEPHMEHTAIbHOTO HCCIeIOBAHHS IOMyYeHBI KOHCTPYK-
THBHBIE ITapaMeTPhl MAIIHH, KOTOPHIEe MO3BOJILIH Pa3pa00TaTh TeXHHYeCKHe 3aJaHHS. COrlacHo
TeXHHYECKHX 3a[JaHHI, KOMIUIEKCa MAIIHH pa3paGoTaHa KOHCTPYKTOPCKas JOKyMEHTAIHSA PabodHX
geprekell. IIo paGodnMM depTekaM KOHCTPYKTOPCKOH JOKYMEHTALIMH H3TOTOBICHBI OCHOBHBIE
KOMIUIEKTYIOIHE JeTalH H COOPOYHBIe eNMHHII KOMIUIEKCA MAIIMH: IUICHKO-YKIAJIHK;
PpaccanomnocaIo4HbIH MOIYIIb; MAIIHHA JIS y1aIeHHs MYIbYHpPYOIe] ITeHKH.

B 2017 rogy H3roTOBIeHHBIE SKCIePHMEHTAIbHBIE 00PAa3Ibl KOMILIEKCA MAIIHH IPOILTH
TIONeBble HCIBITaHHS B yciaoBus Kasaxckoro HUM oBomeii u kaprodens B 1. KaitHap
Kapacaiickoro paiioHa, AJTMaTHHCKOIT 0671acTH (PHCYHOK 1).

CoracHO TeXHOIOTHYECKOH cXeMe arperara (PHCYHOK 2) IpeXyCMaTPHBAeTCS BBHIIOIHe-
HHe CIIeIYIONIHX ONepaIHii:

- PaCTHII MyIIbYH C OJXHOBDEMEHHOH 3a/e/IKOH Kpast JIeHTHI;

- yKJIazKa (o My IbUHpYIOmeil ITeHKH) THOKOI IOJHBHOI JTeHTHI KalleIbHOTO OPOLISHS;

- oGpa3oBaHHe JTyHKH depe3 MyIbYHPYIONIYIO ILIEHKY H I0CalKa Paccalbl, 00ecreunBas
TIOPIMOHHBII TOJIHB BBICAKEHHOI paccaibl.

IIpennaraemMslii arperaT MoXeT Pa0OTaThb Ha CTPOTO BBIPOBHEHHOH ITOBEPXHOCTH IIOJIA.
Arperarta COCTOHT U3 JBYX CEKI[Hil, KOTOpbIE B OTJEIbHOCTH HMEIOT paMbl (1) i MeKITy co60i OHH
COEUHSIOTCS MApHUPHO. IIpesnaraeMas KOHCIPYKIMS HMeeT MOYBOOTBOA (6), B BHIe KIHHA,
KOTOPHIl 0oGpasyeT Gopo3fy B IoOdYBe, M IOCIEOYIONIEro OMyCKaHHA Kpas MyJIb4HpYHOIei
TUICHKH.

Ilnenka B BHAe pyloHa (2) pa3sMeIlaeTcs Ha paMe H depe3 HAaTsLKHOH BamHK (3) momaeTcs
MeKITy TOYBOH M NpPYXHHHBIM BamMKOM (7). Kpas IUIEHKHM C IOMOIIBIO HPHKHMHOTO BasIHKA
60posabl (8) u aHCKOBOTO Hoxka (9) 3akpemmsorcs mouBoil. C MOMOIIBIO MEXaHH3Ma YKIaJKH
CHMMETPHYHO OT IPOJOJIBHOI OCH arperara yKJIaJbIBaeTCs THOKas IIOJIMBHAS JIEHTa.

I
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1- kaTymKa THGKOH IOMTHBHOH JIEHTSI; 2 - OTBAT 1A 00Pa30BaHIs KaHaIa; 3 - IIICHKA B PYIOHe; 4 - INIEHKOYK/Ia T9HK;
5 - MECKOBBIH OTBAI JUIA 3KPHIThA Kpas IIIEHKH; 6 - IyHK00GPA30BaTels; 7 - pacca/Ibl B AIHKAX; 8 - paccajIsl B
MeXaHH3Me II0CaJKH; 9 - oIopHOe Koneco; 10 - Bogo3abopHHK; 11 - GribTp; 12 - Hacoc; 13 - CTAaHIMHA YIPaBICHHA;
14 - MarucTpambHas Tpy6a; 15 - paccaga; 16 - Mynpda; 17 - rHGKas MOIHBHAA JIeHTa; 18 - modsa; 19 - Braromep ¢
margHKoM; 20 - MeXaHH3M IPHBOJA; 21 - peXXyIIHH anmapar; 22 - I0YBOYJATHTENb; 23 - MyIbUHPYIOIad IIEHKa;
24 - HAKIIOHHBIH TPAHCIIOPTEP; 25 - TeHKOHAMATOBAIOLIHH GapabaH; 26 - CKOINEHHas Macca

PHCYHOK 1. CXeMEBI arperaToB Jiis HHTeHCH(HKAIHH IPOH3BO/ICTBA OBOIIEH.

MexaHH3M HOCAJKH OOecIedHBaeT HOMTYIHYI0 IIOCaaKy Paccalbl depe3 MYIbUHPYIONIYIO
IUIeHKY, IPH 5TOM 00pasys JTyHKY Ha IOCTaTOYHOIl TyGuHe. Boma mu3 pesepsyapos (10), ¢
TIOMOIITBI0 THOKOTO BOJONPOBOJIA MONAeTCs OMepaTopoM BHYTpb Koiec (12) M momnepiKuBaeTcs B
HHX B 3aJJaHHOM YDOBHE, 3a CUeT PeryIHPOBAHHS HOPMEI NOJadH BOABI omepaTopamu. ITo Mepe
BpamteHHus koriec (11), Boma depe3 GOKOBEIE OTBEPCTHS, HMOPLHOHHO IOJAeTcs B JYHKY, KOTIa
KaK7bplil TyHK0oOGpa3oBaTenp Koseca (11) HAXODHTCS B HIKHEM IOMOXKEHHH, T.€. BOJa BBITEKAeT
CaMOTEKOM.

OrepaTopsl, HaxosIIHecs Ha cuaeHusx (14), 6epyT U3 sumka s paccansl (5), paccasl B
KACCeTHHIIAX H 3aKIajblBAlOT ee B MEXaHH3M IIOJa4d M paccaja II0OYEePENHO IOJaeTcs B
nmyHKooGpasoBatenu (12). Paccamy IyHKOOOpa3oBaTelb cakaeT IOIITYYHO B JIYHKH, Kyda
3aJIHBaeTCs OIpe/leleHHas 0PI BobL J[aldee Ipoliecc MOBTOPSETC.

TaxkuM 06pa3oM, KOMOMHHDOBAHHBIH arperar IS MOCAJKH paccajibl OBOIIHBIX KYJIBTYp
T03BOJIET PACIIHPATH (YHKIHOHANBHBIE BO3MOXKHOCTH 3a CUeT TOTO, YTO PACTHI THOKOH
TIOJHBHOH JIEHTHI H My/IBUHPYIOIIEH IIEHKH, a TaKJKe I0CaKa paccaisl ¢ HOITHBOM IPOHCXOIHT 3a
OJIHH IPOXOJ arperara.

1-pama; 2-pOJIHK C IUIEHKOR; 3-HaTAXHOH
POIHK; 4-IIapHHp; 5-AITHK 1714 Paccabl;
6-TI0YBOOTBOJ; 7-IIPIKHMHOH BalHK;
8-TIPHKHMHOE KoJleco; 9-0TBal; 10-eMKOCTB;
11-myHKOOGpa3oBaTenb; 12-K0Ieco - €MKOCTb;
13-omopHoe Koxneco; 14-cuuense; 15-paccana.

PucyHok 2. TexHONIOrHYeCKas cxeMa
TIpe/IaraeMoi KOHCTPYKIIHH YCTPOHCTBA
U1 MyTTBYHPOBAHHSA TIOYBHL, TIOCAIKH
paccaibl H YKIaIKH THOKOIT TeHTHI
KaIleJTbHOTO OPOIIEHHS.
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Pe3ynbTaThl MCIBITAHHH KOMIUIEKCA MAIIMH IO3BOTIIH YCTaHOBHTB. PaGOdy0 CKOPOCTH
JBIJKEHHS PaccafolocaodHOT0 arperata M IUIGHKOYJAISMIONIEro ycTpoiicTBa 2,0-2,2 KM/d,
TIIyOHHY Tocaaku paccafsl 0,15M u 06beM IofadH Ipe]] MOoCcaJoOYHOTO MOIHBA BOJBI B IyHKH JO
200 rpaMMOB.

BrimonHeHHe omepamuit Mo yKIagke I'MOKOH IIOMHBHOH JEHTHl KalleIbHOTO OPOLISHHS,
paccTIIa MyJIbYHpYIONIeH IUIEHKH M IOcajKe paccalbl, a TaKKe yNAIEHHIO HCIIONb30BaHHOH
MYIBYHpPYIOIEH IIEHKH COOTBETCTBYIOT OCHOBHBIM arpOTeXHHYECKHM TPeOOBAaHHIM MeXaHH3H-
POBAHHOI TEXHOJIOTHH.

Y CTaHOBIIEHO, UTO TBEPAOCTH MOUBHI IOCTIE MPOXOJA arperara COOTBETCTBYET HOPMaM JULL
COJlep/KaHHs BIaTH B TI0YBE, 10 TTyGHHBI TAXOTHOro cios 15 cM He mpeBbimaeT 20 kre/em”. Ilo
TIPOJIONIFHOM JIMHHH TEXHOJOTHIECKOTO clefa (o KpasM IUIEHKH) TBEPIOCTh IHOBHIIaeTcs 10 40
Kre/em’.

BIaKHOCTP IOYBHI Ha TITyOHHEe OGHTAHHSA KOPHS paccaibl OJ ILIEHKOH H3MeHSIeTCs O4eHb
MeJUICHHO, eM B TI0YBe, I/Ie OTCYTCTBYeT IUIEHKA B IIOPS/IKE JIBa pasa.

IIpennaraeMoe IOTYNPHIENHOE YCTPOHCTBO (PHCYHOK 3) IpeHasHA4eHO VI yAaTeHHs
HCIONIB30BAHHON MY/IBYHpYIOIeHl IUIeHKH IyTeM HAaMOTHIBAHHSA Ha GapaGaH C OJHOBPEMEHHBIM
yIaleHHeM PacTHTENBHOI Macchl BRIPACTAIOIIHE Yepe3 OTBEPCTHS B ILICHKe.

VYerpoiicTBo paboTaeT ClIeAyIOIIMM o0pa3oM B pabodeM IIOMIOKEHHH OIMpaeTcs Ha JBa
OIIOPHBIX Koleca (1) H HaBecHOe YCTPOHCTBO TPAKTOpa. B TpaHCIOPTHOE MONOXKEHHE YCTPOHCTBO
TIepeXOIHT IPH IOMOIIH HAaBeCKH TPaKTopa. B mporecce paGoOTEI OIOPHEIE KOJIeca YCTPOHCTBa, KaK
y GYKCHPYIOIIETO TPAKTOpa, IepeMeIIaloTcs 10 KpasM MyIbYHPOBAHHOM IIOJOCHI, PEeXyIIMi
ammapaT 3a CUeT ONYCKAHHSA HABECKH TPAKTOpa OMHPAaeTcss OalIMaKaMH O MyJIbYHPYIOIIYIO
TIOBePXHOCTb. [IPH IepeMeIleHHH BBICTYIAIONINe CTe0IH PAaCTeHHH Hal MyJIbdell CKAlIHBAIOTCS C
TIOMOIITBI0 MEXaHH3Ma KoIleHHs (3), mpuBoanMoe oT BOM TpakTopa COeXHHEHHOTO ¢ PeTyKTOPOM
(4). Kpas Mynpunpyromeil IUIEHKH IIOCTe CKAIIMBaHHS PACTHTENBHOH Macchl H3BIEKAIOTCS H3
TIOYBBI JIUCKOBBIMH OTBadaMH (2). CKoIleHHas Macca, BMecTe ¢ MyibuHpyomeil IieHkoit (6),
TlepeMeIIasch [0 HaKIOHHOMY TpaHCIopTepy (5), cOpackIBaeTcs Ha IOBEPXHOCTD IOJIS, IIPH 3TOM
CKOPOCTb CKOIIEHHOH MacChl H IIEHKH HMEIOT HyJIeBOe 3HaueHHe 110 TOPH30HTATBHOM ILTOCKOCTH.
YV naneHHas MyIbUHpYIOIIas IUIEHKA IOCIe HAKIOHHOTO TPaHCIOPTepa HaMaThIBaeTCs Ha GapadaH
HaMoT4yuKa IUTeHKH (11), a JeHTa, POHIsS depe3 MeXaHH3M packianku (10), HaMaTeBaeTcs Ha
HaMOTYHKe JIeHTH! (7), PUBOANMSIE IIPH ITOMOMIH peMHeil (9) oT ruaponpuBoa (Tuapomorop) (8).
HaxoHHSBIH TpaHCTIOPTEp TaK ke GepeT IPUBOJ OT THAPOIPHBOAA, KaK 6apabaH HAMOTKH.

3 2 5 1 1210 97

1-pama ¢ OIOPHBIMH KOIlecaMH; 2-0TBall; 3-CerMeHTHBIH MeXaHH3M /1A Pe3KH PaCTeHHIH;

4-peyKTop; 5-HaKIOHHBIH TPAHCIIOPTEP; 6-MyNbUHPYIOIIAs IIEHKA; 7-HAMOTUHK JTIeHTHI

KaIeTbHOTO OPOIIEHH; 8-THAPOMOTOP; 9-peMeHHbIH NPHUBOA; 10-MeXaHH3M PacKIaIKH;
11-HaMOTYHK MYJIBIHpPYIOIIEH IIEHKH; 12-1eHTa KalleIbHOTO OPOIIEHH .

Pucynok 3. KoHCTpYKTHBHas cXeMa Ipe/ilaraeMoro yCTpoicTBa IS yaaleHHsS
MyJIbUHpYIOIIe IIeHKH.
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YcTaHOBNIEHA YPOKAHHOCTD IPH PyIHOM (O€3 MY/IBYHPOBAHHS) H IpeNTaraeMoM CIocooax
IOCAIKH, COOTBETCTBEHHO COCTABIAMH 7,4 kr/M” 1 14,3 kr/M”. C Y4eToM yposkaifHOCTH yIeIbHBI
SKOHOMHYECKHII 3(QeKT OT HCIONb30BaHMA IPENIaraeMoro arperara ¢ MyJIBYHPOBAHHEM
coctaBuIo 3588,853 TeIC. TeHTe/Ta.

JlanbHelimee HcCIeNOBaHHE B STOM HANpPaBICHHH CJIeAyeT BECTHCh IO H3YYCHHIO
SKCIUTyaTallHH Pa3paGOTaHHOH TEXHHMKH, IO YIPABICHHIO HOPMBI IONHMBA JUIS PAaCTEHHH,
CO3JaHHEM TEXHOJOTHYECKOH KapThl 10 OMepAIHIM TEXHOJIOTHYECKOTO IPOIecca H CO3IaHHEM
PEKOMEHJAIMH U TOBAaPOIPOH3BOIMTENEH IO MOAGOPY OOGOPYNOBAaHMS H HCIOIB30BAHHS
TEXHHYECKHX CPEJICTB.

BoIiBoabI

Hcnonp30BaHHe MyTbYHPOBAHHS NOYBH H YKJIAJKH THOKHX IOJHBHBIX JIEHT KaIleIbHOrO
OpOMIEHHS T03BOJIIIO HOBBICHTD YPOKAHHOCTD OBOIIHBIX KyJIBTYD 3a CUET: YMEHBIIEHHS HOPMBI
TIOJIMBHO} BOJIBL; TallleHHe POCTa COPHBIX PacTeHMil; paHHeil ocaku paccaisl Ha 2-3 HelelH.

OCTaTKH MOTHMEPHBIX MaTepPHATIOB OT My/IbYHPYIOMIEH INIEHKH H THOKHX HOJNHBHBIX JEHT
Tmocae yGOPKHM YpOKas, 3arps3HAIOT IIOCEBHYIO IUIONIAb OCTABasch B COCTaBe IOYBHI Ha
TIPOJIOIDKHTENIBHOE BPEMSL.

TIpuMeHeHHe KOMILIEKCOB MAIIHH IO3BOJHT PEIINTh IPOOIeMY MEXaHH3aIUH TPYIOEMKHX
TIPOIIECCOB IO YKTaAKe My IbUHPYIOIIel INIEHKH H THOKHX IOJIHBHBIX JIEHT KalleIbHOTO OpOIIEHHS
H HX yZJaJIeHHS [0C/Iey00POUHEIil IIEPHOJ ¢ IOBEPXHOCTH IOCEBOB.

CHHCOK JTHTePaTypbl

1.0¢dumuanpHeli HHGOpManHOHHEI pecype IIpeMbep-Munnctpa Pecmy6mukn Kasax-
CTaH. HcToqHUK: https://primeminister.kz/ru/news/pravitel-stvo-utverdilo-koncepciu-
programmy-upravleniy-vodnymi-resursami-rk-na-2020-2030-gody.

2. O630p pa3BHTUSI OBOIIEBO/ICTBA H 0ax4eBoJICTBA B rocyapcTBax — wieHax EBpasuiickoro
JKOHOMHYECKOTo coro3a 3a 2013-2017 romel. EBpasuiickas »KOHOMHYecKas KOMHCCHS -
JlemapTaMeHT arpolpoMBIILIeHHO momuTHKH. MockBa — 2018. - 99¢.

3. HuzomoB, P.A. ITox6op mepcreKTHBHEIX COPTOB TOMATa JUIS II0CeBa B OTKPHITHIT IPYHT /
Huszomos P.A., AmunoB M.M. // ArpapHas Hayka.- 2016.- Ne10.- C.14-16.

4. Khazimov Z.M., Bora G.C., Khazimov K.M., Khazimov M.Z., Ultanova [.B., Niyazbayev
AK. Development of a dual action planting and mulching machine for vegetable seedlings.
Engineering in Agriculture, Environment and Food. Volume 11, Issue 2, April 2018, Pages 74-78

5. ActanakynoB T., baiimyponos X., Ha3apueBa C.X. MyIp4HpoBaHHE TIOYBHI IIOBHIMIAET
paHHuit ypoxait // Kaprodeis u oBoum. - 2004.-Ne7. - 5 ¢.

6. Ilat. PK19893, MIIKAOIC 11/02. ArperaT I IIOCAaOKH paccagbl OBOIIHBIX
KyIpTyp/XasumoB M.JK.; 3asBHTeIb U MaTeHTOOOIanaTe b XasuMoB M.JK.-Ne2007/0822.1;3asB11.
14.06.07; omy®6.15.08.08, Brom.Ne8.-6¢.

7. Ilar. PK 24414, MIIKAOIC 11/02. Arperatr mis IOCaIKH paccagbl OBOIIHBIX
KyIpTyp/XasumoB M.JK.; 3asBUTels U MaTeHTOOOIanaTeb Kas. Hail. arpap.yH-T.-Ne2008/1388.1;
3asB1. 14.06.07; omy6.15.08.11, Brom.Ne8.-7 c.

8. ITat. PK 24414, MIIKAO1C 11/02. YcTpoiicTBo s mMoJauu GPHKETHPOBAHHOIT paccab
B CPEJICTBO ML ee mocanku /Xasmmos M.JK.; 3asBHTelb U MaTeHTOOONanaTens Kas. Ham. arpap. yH-
T.-Ne2014/0593.1; 3asB1. 14.06.07; omy6. 15.08.11, Brom.Ne6.-7c.

9. ITar. PK 29915, MIIKAOIC 11/02. JTuckOBBIii BBICaKHBAIOIIMI ammapaT /Xas3HMOB
M.K.; 3asBuUTenp M NaTeHTooOnanaTenb Kas. Ham. arpap.yH-T.-Ne2014/0793.1; sasBi. 14.06.14;
o11y6.15.08.15, Brom.Ne6.-7 c.

10. Emmasapksisel  P., Kemen6aes C.b., [umoperko C.B., Ocman6aes JK.O.
PecypcocOeperaromasl ~ TeXHOJNOTHS  BO3JEIBIBAHHA COH B OPOIIAEMOM  3eMIEJIEIHH.
«HccnenoBaHus, pe3yasTaTey. Ne2(82) 2019. 197 — 201 c.

401




image322.jpeg
IsgenicTep, HoTHAKeaep — MccaeoBaHHe, pe3yabpTaThl No 3 (87) ISSN 2304-3334

HKABBIHIAYIIB! YITAIPAT JKOHE TAMITBUTATBII CYAPY/IBIH MUIITII
TACITAJIAPEIH ITAMTATIAHY APKLUTEI KOKOHIC OHIIPICTH KAPKLIHIATY

Husiz6aes A.K., Xasamo K.M., Xasumos M.JK.

Kasax ynmmuix azpapnuix yuusepcuniemi, Anmamot

AHJaTma

Maxkamana KazakcTaH PecIryGIHMKachIHBIH aybUI LIAPYaIlbLIBEFbl ©HAIPICIHIE KaOBIHAAY-
BIITHl JKOHE TAMIUBLIATBII Cyapy JKYHeciH mafimamaHy OofibIHIIA 3epTTeylepre apHaJIFaH.
ToIBIPaKTH! JKaOBIHAAYII JKOHE TAMIUBLIATHII Cyapy apKbUIBI KOKOHIC OHMIPICIHIH KapKbIH-
JIBLIBIFBIH apTTHIPY/AFbl HET13r1 apTHIKIIBLIBIKTaphl MeH KeMIILTKTepiH CHIIaTTafpl. ManHanap
KeIIeHIH HHTeHCH(HKAIUATAY KoHe JaMBITy GOfBIHIIA 3ePTTey HOTHIKeNepl KeATIPLIreH, OHBIH
iNTiHAe: TONBIPAKTHI JKAaOBIHAAY JKOHE TAMIUBUIATHII Cyapy[bIH HUININI TacHalapblH Teceyre
ApHaJIFaH arperar, CyMeH KaOIbIKTay JKoHe CyIbl Gellyre apHalFaH Kypaqnap, JKHHayJaH KeiiHTi
Ke3eHIe JKaObIHAAyNIBl YINIPAl JKHHAI alyfa apHAIFaH arperaT, COHIAH-aK OCHI OarbITTHI
3epTTeyre apHAIFaH.

Kinm ce30ep: xaOGbIHAAYLIBl YIOIp, TAMIIBUIATHII CyapyAblH HUITIII TacIanaphl, JeHTa
KalleJIbHOTO OPOIIeHHUS, KOKOHIC OHIIPici, OHIMILTIK.

INTENSIFICATION OF VEGETABLE PRODUCTION BY USING PLASTIC MULCH
AND FLEXIBLE DRIP IRRIGATION TAPES

Niyazbayev A.K., Khazimov K.M., Khazimov M.Zh.

Kazakh National Agrarian University, Almaty

Abstract

This paper presents the researches for using plastic mulch and drip irrigation system in
agriculture production of the Republic of Kazakhstan. The article describes the intensification of
vegetable production by using plastic mulch and drip irrigation, the main advantages and
drawbacks. The results of research on the intensification and development of a complex of
machines are presented, including: unit for mulching the soil, laying flexible drip irrigation tapes,
the water supply and distribution systems, unit for removing the plastic mulch after harvest period,
and research for expanding this direction.

Keywords: plastic mulch, drip irrigation tape, vegetable production, yield.

VJK 631.8; 631.171

VHUBEPCAJIBHASI CHCTEMA VIIPABJIEHWST 1 KOHTPOJISL
JUOOEPEHITUPOBAHHOI'O BHECEHMA YV JOFPEHUA

Hykemes C.Ol., CKpBIHHHK B.Cz., POMaHlOl\‘H.HS., AxmeTonE.Cl., TﬂeyMﬁeTonK.M‘.

Kasaxcxuii azpomexnuyeckuti ynueepcumem um. C.Ceitiggpynnuna, 2. Hyp-Cyaman, PK,
2000 "[Jenmp mourozo 3emnedenus Aspocorws", 2.Hoeocubupck, Poccuiickas ®edepayus;
*Vupearcoenue obpazosanus «Beropycexuii 2ocydapemeentuiii azpapHetil mexuiseckuil
yHusepcumemy, e. Muncxk, Pecnybnuxa Benapyce

AHHOTAIHS

B paGoTe CHCTEMEI «I104Ba - MHHEpPaJIbHBIE YIOOPEHHS - PaCTEHHe» PACCMOTPEHBI ¢ TOUKH
3peHus 00beKTOB YIPaBJIeHHS, IIPOLECCOB B3aHMOIEHCTBHS MHHEPAIbHBIX YAOOPEHH ¢ pabOIHMH
OpraHaMH MAIIHH H HCCIeJ0BaHBI IEPEXOJHBIe IPOIECCHl JO3HPOBAHMA. Pa3paGoTaHBI OGIIHIL
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JKacalblll, Taljay skacalmbl. Ka3aKcTaHma Mal IIapyalIbUIBIFBIHBIH IIEIIUIMEreH IpoGIeMa-
JIapBIHBIH Gipi Mal MapyalIbUIBIFbl KOpa-JKaflTapblH/a KaHyapIapabl YeTay OPTachIHBIH TIPIIUTITH
KaMTaMachl3 eTyAIH SHePrHs THIMII JKYHeclH Kypy OOJBIN KalaTBIHBI AHBIKTAIIBL 3epTTey
HeTi3IH/e JKAHAPTBUIATBIH OSHEPrHs Ke3Jepli MeH JKbUIy COPFBI KOHIBIPFBUIAPBIH Oipiecim
maffianraHy, COHIAH-aKk Mal IIapyallIbUIBIFBl FHMApAaTTApBIHBIH JKBUTYBIH JKOKO  apKBLIBI
KOJITAHBICTAFBI JKYHeMeH CalbICTHIPFaHIA TYTBHIHBUIATBIH 3JIEKTP JKOHE JKBUIY SHEPIHSCHIHBIH
Al TapIBIKTal TOMEH/IeyiHe KOJ JKeTKi3yTe GONATBIHIABE Bl AHBIKTAIL L.

Kinm ce30ep: MHKDOKITHMAT, JKbLUIYMEH JKaOJBIKTayHbIH IKBUTy COPFBI IKyieci,
IIBIFApBUIATHIH  ayaHBl Kojlere jkKapaTy, jKAaHAPTBLIATBIH SHEPIHs Ke3lepi, KOpIIaFaH OPTAHBIH
TeMIIepaTypachl, SHEPI'Hs YHEMeY, Mall IIapyalIblIbIFbl KOPa-KaiIapsl.

CREATING A STANDARDISED MICROCLIMATE IN LIVESTOCK BUILDINGS USING
RENEWABLE ENERGY SOURCES

Sydykov Sh.K., Baibolov A.E., Tokmoldaev A.B., Alibek N.B.
Kazakh National Agrarian University

Abstract

In this article the review and analysis of the possibility of using heat pump units for creation
of normalized microclimate of cattle-breeding premises for climatic conditions of southern, south-
eastern and western regions of Kazakhstan is carried out. It is revealed that one of the unsolved
problems of animal breeding in Kazakhstan is the creation of energy-efficient system of life support
of environment of keeping animals in animal-breeding premises. On the basis of the conducted
research, it was established that through the combined use of renewable energy sources and heat
pumping units, as well as utilization of heat from livestock buildings, it is possible to achieve a
significant reduction in electricity and heat consumption in comparison with the existing system.

Key words: microclimate, heat-pump system of heat supply, utilization of removed air,
renewable energy sources, ambient temperature, energy saving, livestock buildings.

V]IK 635.1/8

HUCCJIEJOBAHUE U3MEHEHUH [IPOUHOCTHBIX ITOKA3ATEJIEN ITOJIMMEPHBIX
IIJIEHOK OT ATMOC®EPHEBIX ¥ BUOJIOTUYECKHX ®AKTOPOB

XazumoB M.)K.“, Husiz6aeB A.K.l, Xa3umoB K.M.l,
VpeiM6aeBa A. A%, Oxanos E.JL!

1 " " .
Kazaxckuti HayuoHanbHbIll azpapHbviti yHueepcumenn,

2 N =

“Kasaxckuil nayuonansruiil yHugepcumem um. ano-Papabu, Aimamot

AHHOTAIHS

TomiMepHble IUIEHKH JUIS MY/IBYHPOBAHHS IOYBBI IIHPOKO HCIOIB3YIOTCS B CETBCKOM
XO3SHCTBE UL TOBBIIICHHS YPOXKAHHOCTH IIyTeM MOJABICHHS COPHAKOB, COXPAHEHHS IIOYBEHHO
BIIATH H IIOBBIIIEHHS TeMIIEPAaTypsl I0YBBL. OHAKO GONBIIMHCTBO MYIBYHPYIOIIHX IUIEHOK He
SIBISIIOTCS. GHOpA3laraeMbIMH H OOBIMHO YHAILIIOTCS IOCIHe KaKIOTO BETeTAallHOHHOTO INEPHOJA.
H3BledeHHe STHX INOTHMEPHBIX IUIGHOK H3 IIOYBBI 3aTPYJHHTENFHO H MOXKET IOBIHATH Ha
TIOCTIeYIOLIHIT Ypokail, Takke HAHOCS CYIIeCTBEHHBIH yIepo oKpysKarouiei cpene i GpepmepaM.

B cratee paccMaTpHBaeTCss HCCIENOBaHHE H3MEHEHHH IIPOYHOCTHBIX IIOKa3aTenei
TIOTHMEpPHBIX IUIEHOK OT aTMOC()EPHBIX H GHONOTHYECKHX (AKTOPOB HCIOJIb3yeMble IPH MyJIbUH-
POBAHHH MOYBHI.
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Knioue6vie cno6a: MyIbUHMpYIONIas IUICHKA, aTMOC(EPOCTOHKOCTB, OHOIOBPEXKICHHE,
TIPOYHOCTb IIPH PACTSKEHHH, IPOYHOCTD IPH Pa3phIBe, OTHOCHTENBHOE YTHHEHHE.

Beegenue

JlocTinkeHHss B 007TacTH CeIbCKOXO3AHCTBEHHOH HAayKH M TeXHMKM INPHBETH K 3HAUH-
TENBHBIM H3MEHEHHSIM B CeIbCKOXO3SHCTBEHHOM NpomsBoacTBe Kasaxcrama. IloammepHsle
MyIBYHDPYIOIIHE IUIEHKH CTATH OJHHM H3 BAKHBIX CEIBCKOXO3SHCTBEHHBIX IIPOH3BOICTBEHHBIX
MaTepHanoB. My/Ib4HpOBaHHe TIOIMMEPHBIMH IUIeHKaMH II0YBBI 3aMETHO YJTYYIIHIO YPOKAHHOCTh
BO3JIe/BIBAEMBIX KyJIBTYpP ITyTeM SKOHOMHH IIOMHBHOH BOJbI, yMEHBIICHHEM €€ HCIIapeHHI H3
TIOBEPXHOCTH II0YBHI, TOJABICHHS POCTa COPHSAKOB U TOBBIIICHHS TeMIIEPATypPbI MOUBEI [1].

IIo nanHeIM OT4eTa 00 HCIHONB30BAHHHU IUIACTMACC B CETBCKOM XO3SHCTBE BBINOIHEHHBIH
Komuterom «lopusont» (the Horizon Committee, Wageningen, 2019) B 2012 roxay MupoBoe
HCNOJIB30BaHUE CETbCKOXO03SHCTBEHHBIX IUIEHOK cOcTaBHIIO 4,4 MIIH. ToHH, B 2017 roxy 6,96 MIH.
ToHH, a B 2019 rogy oxupaics pocT g0 7,4 MIH. TOHH, YTO COCTaBIfeT 2% MHPOBOTO
TIPOM3BOACTBA IIacTMacc. KpoMe Toro, My/IbUMPOBAHHE IIOYBBI ILTACTHKOBBIMH IIEHKAMH
TpuxomuTca 6onee 40% OT OOIIETO HCIOIb30BAHHOTO 00beMa ILTACTHKA B CEIbCKOM XO3fHCTBE,
9TO cocTaBmIO B 2017 romy 2,75 MiH. TOHH [2].

B kadecTBe MyIpuHpyHOIieil IUEHKH B OCHOBHOM HCIIONIB3YIOTCS IONHATIICHOBAS H
GHopa3TaraeMas IUIEHKAa. bHopasmaraeMsle MyJIbUHpYIONIME IUIEHKH IIOKa HE MOIYT
KOHKYPHPOBATh C IOTH3TIICHOBBIMH IUIEHKAMH H3-32 HEJOCTATOYHBIX MEXAaHHYECKHX CBOFICTB,
HEKOHTPOIHPYeMOii erpafamueii H cTouMocTH [3, 4, 5].

OIHHM H3 OCHOBHBIX TPYZOEMKHX IIPOIECCOB IIPH IPOH3BOJCTBE CENbCKOXO3SHCTBEHHBIX
KyJIBTYP C HCIIOJIb30BaHHEM IOTHMEPHOH ILICHKH SBISeTCS e€ yaaleHHe, KOTOpOe COCTABISIET 10
64 den. wac/ra [6, 7]. B mporecce MeXaHH3HPOBAHHOTO YIOAJICHHH MyJIbUHPYIONIeH IUIEHKH, B
GOIBIIMHCTBE CIydaeB IPOHCXOIHT Pa3pblB IUIEHKH IIPH €€ BBITATHBAHHHM M3 IIOYBBI, H3-3a
TIOCTIeICTBHUS BIHSHUS IPHPOHBIX (HaKTOpoB [8].

Tlomamepsl, Kak 1 MHOTHE IPYTHE MaTepPHaNIbI, CIIOCOOHBI Pa3pyNIaThCs IO BO3IEHCTBHEM
(akTopoB BHemHeil cpebl. YCTOHYMBOCTh MOIHMEPHBIX MAaTEPHANOB K BO3/eficTBHIO (aKTOpOB
BHEIIHeH cpelbl IPHHATO XapaKTEePH30BaTh aTMOC(HEPOCTORKOCTEI0. ATMOC(HEPOCTOHKOCTh — 3TO
CIIOCOGHOCTD IMOTHMEPHBIX MaTePHATOB BBIIEPKHBATh BO3JEHCTBHE DA3IHIHBIX aTMOC(EPHBIX
(akTopoB (CONHeUHas paJMalHs, TEIUIOo, KHCIOPOA, Bara, IPOMBIIUICHHbIe BEIXIOIHBIE Ta3hl H
ZIp.) B TedeHHe NPONOKHTEIBHOTO BPEMEHH 0e3 3HAYHTeTBHOTO M3MEHEHHS BHENIHEro BHJA, a
TaKKe SKCIUTYaTaMOHHBIX CBOHCTB ((HH3HKO-MeXaHHYECKHX, JUAIEKTPHIECKUX 1 ap.) [9].

Taxke Ha IOTHMepPH! BO3JEHCTBYIOT JKHBbIE OPraHH3MEI, BRI3BIBAIOIIIE OGHOMOBPEKICHHA.
BuonoBpexaenne (GHONOTHYECKOe IIOBPEKIEHHE) — 5T0 IH0G0e H3MeHeHHe (HapyIIeHHe)
CTPYKTYPHBIX H (YHKIHOHAIBHBIX XapaKTEPHCTHK OOBEKTa, BBI3BIBAEMOE OHOTIOTHYECKHM
(akropom. IIpH 3ToM GHOIOBpEXAEHHE MaTepHATOB MHKPOOPraHH3MaMH IIPOHCXOIHUT C yIacTHEM
He 0JIHOH KaKOfi-THO0 IPYIIIBL, @ C yIaCTHEM BCeX CYIIECTBYIOIINX BHIOB MHKPOOPTaHH3MOB [10].

Ileanro paGoThI ABISETCS ONMpe/IeeHHe H3MEHEH I IPOYHOCTHBIX IT0Ka3aTelIel MoIHMep-
HBIX IUICHOK OT aTMOC()ePHBIX H GHOJOTHYECKHX (haKTOPOB, HCIOIB3YEMBIX IPH MyIbYHPOBAHHH
TIOYBEL.

3amaun MccleNOBAHHMIl IpeIycCMaTPHBAeT OIpeleleHHe 3aBHCHMOCTEH IPOYHOCTHBIX
XapaKTepPHCTHK (IIPH PACTUKEHHH, IPH Pa3phiBe) IUIEHOK OT HPOJOJDKHTEIBHOCTH BO3JEHCTBHS
aTMocepHBIX GaKTOPOB.

MarepHa/Ibl H METOIbI HCCIeT0BAHUS

ATMOC(epOCTOHKOCTS ITOTHMEPHBIX ILIEHOK OIpPeNe/sUTHCh B €CTECTBEHHBIX YCIOBHAX. IIpn
HCIBITAHHAX OOpAa3lbl 3aKPEMHIHCh Ha IOBEPXHOCTH IOYBBI, PACIONOKEHHBIX HA OTKPHITOH
mIomanKe (PHCYHOK 1) IyTeM 3aielku Kpas IUIEHOK IOJ IouBY. IIepHOIMYECKH OTMedallNCh
HM3MEHEHHS BHENIHEr0 BHIA, I[BeTa, 0OpasOBaHHe TPEIIMH H HHBIEe Ne(eKTH IOBEpPXHOCTH
00pasIIoB, a TAKKe ONpeIe/SLIHCh HX IPOIHOCTHBIE MoKasaTenu [11- 13].
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PrcyHOK 1. Pa3MelieHHe 06pa3IoB B MONEBEIX YCIOBHAX

HcnpITanne MOTHMEPHBIX IUIEHOK IPOBOAMWIOCH corvlacHO TpedoBaHmsM I'OCT 14236-81
[14] ¢ ncnomb3oBanHeM HembITaTeNbHOTO IPHG0pa HUALONG WDW-200.

JI1s HcHBITaHus OBUIH MCIIOJB30BAaHBI MOIMATWIeHOBEIe IIeHKH o ['OCT 10354-82 nByx
Mapok CT (30 mxM; 50 MxM) u CM (80 mxm; 100 mxmM; 80 mMkM, 100 Mxm; 100 MKM depHast; 120
MKM depHas) [15].

OGpaGoTKa Pe3yIbTaToB Ha MPOUHOCTh (6) B MITa (H/MM®) IPOBOIMIACH IO CIETYIOMIM
dbopmymam:

TIPOYHOCTH TIPH PACTSIKEHUH ()

_ Fmax
UZ - Ay
o
TIPOYHOCTH HPH paspeIBe (G,)
_F
]

1€ Fiue — MAKCHMaIbHAS PACTATHBAIOIIAS HATPy3Ka IIPH HCIIBITAHHH Ha pacTskeHHe, H;
F, — pacTarHBaromas Harpy3ka B MOMEHT pa3phiBa, H;
Ap— HAYATBHOE TIOTIEPETHOE CeTeHme 06pasa, MM,

OTHOCHTETbHBIE BHBI YIIHHEHNUS (€) B IPOIEHTaX BEIYHCIIUTOCH IO (popMyIIaM:
OTHOCHTENIBHOE yIHHEHHe IIPH MaKCHMaIbHOI Harpyske (&,)

Al

& =

-100,
0

OTHOCHTENIBHOE Y/IHHEHHe IIPH Pa3pbIBe (&)

=2 409

& = T

T71e /o — Ha4aIbHas pacueTHas ITHHA 00pasIa, MM;
lp; — MI3MEHEeHHe PacieTHOH JUIHHBI 00pa3lia B MOMEHT JOCTHKEHHS MaKCHMAaJIbHOMH Harpy3KH,
MM;

I, — N3MeHeHHe PacueTHOI JUIHHEI 00pa3lia B MOMEHT Pa3phIBa, MM;
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3a pesyibTaT HCIBITAHHS IPHHHMANIOCH CpPelHee apH(METHUeCKOe 3Ha4YeHHe H3 IIATH
OIIpe/IeIeHH i, BRIYHCICHHOE JI0 BTOPOTO 3HAaYeHHS T0CIIe 3aITOH ITH(PEL.

PesyapTaThl HecIe10BaHAIE

B pesynbTaTe IPOBEIEHHBIX HCCIENOBAHHH Ha O0Opasllax C HCTEYeHHEM BpPEMEHH
TPOM30IITO H3MEHEHHe IBeTa, IIOSBWINCh TPEIHHBL IIo Mepe IOBBINICHHS TeMIIEPaTypHI
OKpyXaromlell cpefbl Ha o00paslax H3-32 OKHCIHTENBHBIX IpPOLECCOB, YJIEeTyYHBAHHH
TIACTH(HKATOPOB, MPOTHBOYCTApHTeNell M T.A., NPHBEIO K H3MEHEHHIO HCXOIHBIX CBOMHCTB, B
YaCTHOCTH K POCTY JKECTKOCTH H XPYIKOCTH (PHCYHOK 2 H PHCYHOK 3).
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PHCYHOK 2. CpaBHHTe/bHEIE TI0KA3aTe/H IOMHITHICHOBHIX IITeHOK Ha IIPOYHOCTh
TIPH PACTSDKEHHH C PA3THYHOMN TOMIHHOM

CTOHKOCT IONHATHICHOBBIX IUIEHOK B €CTECTBEHHBIX (ATMOCQEPHBIX) YCIOBHAX PE3KO
BappHpyeTcs. Kak BHIHO Ha PHCYHKe 2 De3ylbTaThl H3ydeHHS 3aKOHOMEPHOCTell H3MeHeHHMi
TIPOYHOCTHBIX CBOHCTB Ha 00paslax, HCIBITYyeMBIX 3a 105 1OHel CBHIETETHCTBYIOT O TOM, 4TO
TIPOYHOCT IPH PACTSKEHHH () CYLIECTBEHHO M3MEHHWIAch y BCEX 00PasIoB. A Yy HEKOTOPBIX
00pasIoB H3-32 CONHEYHOIO CBETa OHA IO HCTEUeHHH BpeMeHH yBenumdmiach. ITocte 80 mmeit
9KCHO3UIUH y 06pasroB 30 MKM H 50 MKM IPH BH3YaJbHOM OCMOTPE IOSBHIHCH MHOMKECTBO
MHUKDOTpEIIHH, YTO BBI3BAIO XPYNKOCTh IUIEHKH. A Iocie 105 nHeH SKCIO3HIIHH Y BBINIE
Ha3BaHHBIX 00PA3IOB H3-33a XPYIKOCTH MaTepPHaa IPOBEICHHE OIBITOB GBUIO HEBO3MOKHBIM.

W3 pucynka 3 BHAHO, 4To Iocle 60 aHedl y skcmosmimuil o6pasnos 30 MkM, 50 MkM, 100
MKM (4é€pHast), 120 MKM (YEpHas) OTHOCHTENBHOE YUIMHEHHE IPH MaKCHMAalbHOH Harpyske (e:)
pe3Ko CHU3IWIOCh 10 110%, 4To jaeT mpeamnmoiarath 0 HX XpyHKOCTH. OTHOCHTEIbHOE Y IHHEHHE
MaKCHMaIbHO YMEHBIINIOCh y 00pasioB 120 MkM (4€pHast) Ha 82% M MHHHMAJIBHO - ¥ 06pasIoB
80 MM Ha 67%.
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PHCYHOK 3. CpaBHHTe/bHEIe IOKA3aTe/H MO THICHOBHIX IIIeHOK Ha OTHOCHTEIBHO®
yATHHEHHe IPH MaKCHMAIIbHOI HATPY3Ke C pa3THIHO TOMIHHOMN.

Kunernka mmportecca H3MeHeHHs IPOYHOCTH IIPH pasphIBe (o;) NPeACTaBIeHa Ha PHCYHKe 4,
H3 KOTOPOTo CIedyeT, 9TO B NEPBBIH NEPHOI MCIIBITAHHI Y HEKOTOPBIX OOPA3LOB IPOHCXOTHT
CHAYalla yBeIHUeHHe IPOYHOCTH, a 3aTeM CHIUKEHHE.

p ®
¢ =08626 - 28050 24011430+ N .
- d 0,22 05-000338 s 0 1143c 10728 / 3 -
¥
sy
g, it i
2 s 0¥
= i~ e
Vi
3 1 " 15
\
| -
P e O Sl "
VAW eeom |
oL =0t o k700010 + 000020 15280+5775
2 Ay | R=0; s
i
T ey oy e—
o .
S s
e P v S e 18 e

=2 GaKT. s Temn.

A Bar, sbic. Tewn.

PHCYHOK 4. CpaBHHTe/bHEIE TI0KA3aTe/H IOMHITHICHOBHIX IITeHOK Ha IIPOYHOCTh
TIPH Pa3phIBe C PA3THYHOH TOMIHHOK

Tloka3aTenu MOMHSTHICHOBHIX IUIEHOK Ha OTHOCHTEIBHOE VATHHEHHE IIPH pPaspeIBE (S,.)

H300paKeHo Ha PHCYHKe 5. FI3 KOTOpOro BHJHO, 4TO OTHOCHTENIBHOE YNITHHEHHe IIOYTH y BCeX
006pasIoB NOCTENEHHO YMEHBIIAKOTCA H B KOHEIHOM HTOTe He IpeBbImIaroT 200%.
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PHCYHOK 5. CpaBHHTe/bHEIE IOKA3aTe/H IOMHITHICHOBHIX IITEHOK Ha OTHOCHTENBHO® Y UTHHEHHe
TIPH Pa3phIBe C Pa3THYHON TOMIHHOK

IToutu y Bcex 06pa3sloB NIPOYHOCTH H3MEHUIACH HE3HAUUTEIBHO, KpoMe o6pasua 30 MKM,
T/le yMeHbIIIeHHe Habmoaanoch 10 47%.

OOGpasIibl, MOABEP/KEHHbIE K HCIBITAHUIO B aTMOC(EPHBIX YCTOBHSX B TedeHuH 105 mueil,
CHH3WIH CIIOCOGHOCTh K Je()OpPMAllMH IpPH OTHOCHTEIBHOM YMTHHEHHH HOpH paspbBe (o).
MaxkcHMaTbHOe OTHOCHTEIBHOE YITHHEHHe IIPH pa3phiBe Y IUICHKH TOMIHHOM 120 MKM (depHas)
CHM3WIOCH Ha 82% M MMHHUMAIbHO CHHM3WIOCH y IUIGHKH TommuHOH 50 MkM Ha 47%.
Tlocnexyroniue HCHBITaHUS MOTHITWICHOBBIX IUIEHOK Goiee 105 mHel mokasango, 4To 06pasIbl
ToMIHHO 30 MKM 1 50 MKM HaJaIH paclafaTcs Ha oTJelbHbIe KyCKH H3-3a HX XPYIKOCTH.

BoIiBoabI

B pesyisTaTe HcCIeNOBAaHHIT IIOMyUeHB], YTO IPH MYIbYHPOBAHHH MOYBBI HCIIOIBb3yeMOe
TIOTTHMEpPHOe IUTEHOYHOE IIOKPBITHE IO aTMOC(ePHBIM BO3JIEHCTBHEM H3MEHSET CBOIO CTOHKOCTD K
MeXaHHYeCKOMy Bo3feHcTBHIO. OGpaslbl, MOIBEpXKEHHBbIE K HCIBITAHHIO IOCIE BO3JEHCTBHS
aTMocepHBIX BIMSHHH, KaK COIHEYHBIe JydH, Ilepenas TeMIepaTyphl U Ip. B TedeHHH 105 jaHeit,
CHH3WIH CIOCOOHOCTh K Ae(OPMAIIMH IIPH OTHOCHTEIBHOM YIUIMHEHHH IIPH pasphlBe: Y IUICHKH
TOJIIHHOM 120 MKM (YepHast) CHH3WIOCh Ha 82% H MHHHMAaTbHO CHH3HIOCH Y IUTCHKH TOJIIIHHOM
50 MxM Ha 47%; 06pa3ius! TolmuHOH 30 MKM H 50 MKM Hadald pacmafarcs Ha OTIelbHbIe KYCKH
H3-32 HX XpynkocTH. OTCloja clefyeT BBIBOJ, MHCIOIB30BAHHE IONHATHICHOBBIX IUIEHOK
TOMIHHOH Hipke 80 MKM HCKIIOUaeT e€ yOOpPKY MAIIHHHBIM CIIOCOOOM, M3-3a Pa3pyLIeHHS B
CIIe[ICTBHH He3HAIHTEeIBHOr0 MEXaHHIECKOr0 BO3IeHCTBHL.
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ATMOCOEPAJIBIK ’KOHE BUOJIOT UAJIBIK ®AKTOPJIAPJAH ITOJIMMEPJIL Y JIIIP ATH
BEPIKTIK KOPCETKIIITEPIHIH ©3I'EPYIH 3EPTTEY

Xasnvos M.JK.'%, Huss6aes AK.!, Xasumos K.M.},
VpbiM6aesa A.A.%, Oxanos E.JL!

1 .
Kaszax ynmmuix azpapneix ynueepcumenti, Anvaniot

2 ;

“On-Papabu amvindazer Kazax ynmmuix yHueepcumemi, Anvamot

AHJaTma

TombIpaKThl jkaOBIHAAYIIEI TOTHMEpI YIIipIep aybUl MIapyallbUIBIFBIHA apaMITenTepai
6acy, TONBIPAK BUFAIBIH CaKTay joHe TOIBIPAK TeMIEpaTypachlH KeTepy apKbUIBI ©HIMILTIKTI
apTTBIPy YIIH KeHiHeH KOJJAaHBUIAABL AJlafiia, KaOBIHAAYIIBI YIIPIEPAIH KOIIILTiri
GHOJIOTHSIBIK dCepiHEeH BIIBIPAMAilIbl JKoHe JleTTe dp BereTAlMSIBIK Ke3eHHeH KeffiH KHHaIBII
JKOHBLTAIBL. By TOMHMepIIl YIIpIep Il TOIBIPaK OeTiHeH JKUHAIl ally KHBIHFA TyCe/l jKoHe KefliHTi
eTiHTe Kepi acep eTyl MYMKIH, COHbIMEH KaTap KOpLIaFaH OpTa MeH (epMmepiepre aifTapibIKTail
3HSH KenTipeai. Makajaaa TObIPaKThI KaObH/ay Ke3iH e KOIJaHbBUIATHIH IIOIUMEpITi YIipIepIiy
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aT™MocepabIK jKoHe GHOMOTHSIBIK (akTopaapaaH GepikKTiK KOpCeTKIITePIiHiH e3repyiH 3epTTeyl
KapacThIPBULIBL

Kinm ce30ep: xaGbIHAAYIIBI YIAIP, aTMOChePaTbIK TO3IMILTIK, GHO3aKBIMIAHY, CO3YIaFbl
GepIKTIK, Y3UTy Ke3iHeri GepiKTiK, CaBICTBIPMAIBI Y3apy.

RESEARCH OF THE CHANGES OF STRENGTH CHARACTERISTICS OF PLASTIC MULCH
FROM ATMOSPHERIC AND BIOLOGICAL FACTORS

Khazimov M.Zh.'?, Niyazbayev A.K.!, Khazimov K.M.},
Urymbayeva A.A.% Okhanov E.L.!

Kazakh National Agrarian University, Almaty
Al-Farabi Kazakh National University, Almaty

Abstract

Plastic mulch provides a range of benefits like modulating soil temperature, reducing soil
erosion, evaporation, fertilizer leaching and weed problems and increase produce quality and yields.
However, most mulch films are not biodegradable and are usually removed after each growing
season. Removing of plastic mulch from the soil is difficult and can affect subsequent crops, also
causing significant damage to the environment and farmers. Based on this, use of biodegradable
material as mulch is not acceptable due to the negative impact on the composition of the soil after
decomposition. The article considers research of changes of strength characteristics of plastic mulch
from atmospheric and biological factors.

Keywords: plastic mulch, weather-resistant, biodegradation, tensile strength, ultimate tensile
strength, fracture elongation.
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Abstract

Plastic mulch provides a range of benefits including helping modulate soil temperature,
reduce soil erosion, evaporation, fertilizer leaching and weed problems and increase produce
quality and yields. But when the crops are harvested, plastic mulch need to be removed from
the ground for disposal, otherwise these wastes are mixed with the soil and have a negative
impact on yields by reducing the access of nutrients and moisture in the soil. The purpose of
the current study is therefore to propose a roller for plastic mulch retriever which is applicable
when the crops are harvested and the plastic mulch need to be removed from the ground for
disposal. The winding mechanism of the plastic mulch retriever performs the main function,
and must have high-quality performance of the winding operation in the removal technology.
The coefficient of compaction of the used plastic mulch (K:e1), was the ratio of the diameter of
the standard plastic mulch which was wound in the factory to the diameter of the used plastic
mulch during the winding.

Key words: plastic mulch, microclimatic conditions, remove, mulch retriever, compaction.

plastic mulch with solar radiation has a direct

INTRODUCTION effect on the temperature of the soil covered
Plastic mulch was first mentioned noted  because of its heating properties, such as

i the 1950s of the last century due to its absorption, reflection, and flow capacity.
ability to increase the temperature of the soil  Plastic mulch provides a range of benefits
(Divya and Sarkar, 2019). Interaction of like modulating soil temperature, reducing
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soil erosion, evaporation, fertilizer leaching
and weed problems and increase produce
quality and yields.

Besides that, plastic mulch maintains a
temperature of the soil at night and during
cultivation period. The color of the plastic
mulch effects on the temperature and
humidity conditions of the soil and on the
microclimate of the ground air that should be
taken into consideration when applying in
different climatic zones (Khazimov et al.,
2018; Juan et al., 2013; William and Lamont,
2017).

Discovery of polymer materials made a
breakthrough ~ in  irrigation  systems
development, allowed to increase yields by
50%, save water by 40%, and even growing
crops in desert conditions (Kooij et al.,
2013).

In recent decades, use of plastic mulch
has increased production of tomatoes,
peppers, eggplants, watermelons, melons,
cucumbers, pumpkins, and other vegetables
(Niyazbayev et al, 2019). With the
emergence of modemn technologies by
production of the polymer materials, which
reduced production costs. Which generally
plays an important role in crop production.
But when the crops are harvested, the plastic
mulch need to be removed from the ground
for disposal. Otherwise these wastes are
mixed with soil and have a negative impact
on yields reducing delivery of nutrients and
moisture into soil (Huaijie et al., 2018;
Effects of Plastics 2019).

Research in increasing effectiveness of
biodegradable material  has grown
considerably in recent years. But the use of a
biodegradable material as a mulch has a
strong negative impact on plant growth and
soil structure by penetrating into the soil after
decomposition (Yueling et al., 2018; Yueling
et al, 2020). Based on this, use of
biodegradable material as mulch is not
acceptable due to the negative impact on the
composition of the soil after decomposition.

By using plastic mulch over larger areas
removing the plastic mulch  after the post -
harvest of a vegetables is highly labor-
intensive. Carnell D. and others describe

four main ways to disposing plastic mulch,
such as burning, physically removing,
removing, and storing of plastic mulch
(Carnell 1978).

For farmers, burning of plastic mulch in
the field with bumners is considered as more
profitable. Because burning require no
additional  resources for  collection,
transportation and for disposal. But during
combustion the plastic film does not burn
completely because of low combustion
temperature (200 - 315 °C) and about 10 %
of the plastic mulch embedded in the
ground. The burners also require a propane
tank, which adds to the both the financial
and environmental cost. Incineration of
plastic mulch, produces hazardous fumes
and  needs environmental  controls
(Subrahmaniyan and Mathieu 2012). Thus,
the removing of plastic mulch is important
benefits exist in the area of waste
management. The majority of plastic mulch
removal is often done by hand and is labor
and time intensive about 64 man-hours per
ha (Effects of Plastics 2019; Khazimov et al.,
2019).

In addition, with the passage of time, the
films lose their strength and may break
during the physically removing. There are
agricultural machines which designed for this
purpose and available in a range of designs
and are typically drawn behind a powered
vehicle (Khazimov et al., 2019; Rocca 2012;
Masheng and Shang 2016; Shylo et al,
2009). Plastic mulch retrievers are available
in a range of designs, the main features of
which will now be discussed.

One drawback of some mulch retriever
(Masheng and Shang 2016; Shylo et al.,
2009) is that the unearthed mulch needs to be
collected for disposal, which is labor
intensive and inefficient because the
unearthed mulch remains strewn along the
growing area.

In another plastic mulch retriever design
(Rocca 2012), the unearthed mulch is rolled
onto a pair of aligned, rotating rollers
rotatably mounted toward a rear of the mulch
retriever on a pair of longitudinal arms. An
operator stands on a platform to control the
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speed of rotation of the rollers to be
commensurate with the speed of the powered
vehicle and the rate at which the mulch is
being unearthed. Once all of the mulch has
been retrieved or the rollers are full, each arm
comprising one of the respective rollers is
swung outwardly and the rollers separate
about a substantially central point allowing
the retrieved mulch bundle wrapped around
the rollers to fall to the floor for disposal.
One drawback of this mulch retriever is that
the operator stands on a platform to control
the speed of rotation of the rollers what is not
safety for operator.

Also, the cost of the mulch retrievers is
estimated in the range from 4 000 $ to 24 00
$, ie. the cost is very high, since they are
used in a very short time during the year

‘www.machines4u.com;
www.tubbsberryfarm.com;
www.alibaba.com;
www.kahovka.flagma.ua).

Once all of the mulch has been retrieved
or the rollers are full, the retrieved mulch
wrapped bundle for disposal occupy
significantly more volume. Therefore,
efficiency is affected because more stops
must be made to empty the rollers than
would be necessary. All of these can
encrease transportation costs by
transportation to disposal. In order to
eliminate the remaining shortcomings at the
Kazakh National Agrarian University was
designed a device for removing of plastic
mulch. This work was supported by the grant
project of the Ministry of Science and
Education of the Republic of Kazakhstan
(Khazimov et al., 2018; Khazimov et al.,
2019).

At the first stage of the project, a
designed experimental sample of the new
device for removing of plastic mulch was
tested at field in 2018.

At the field test the designed
experimental sample had disadvantages of
the drum roller mechanism for the winding of
the plastic mulch were revealed, such as a
low compaction (Khazimov et al., 2019).

In this regard, was modified the winding
mechanism and was made a laboratory

device. Where was carried out a study on
quality of winding of the used plastic mulch
film.

MATERIALS AND METHODS

The structure and working principle of the
plastic mulch retriever

One known plastic mulch retriever
(Khazimov et al., 2019), comprises power
take off 1, cutting mechanism 2, a pair of
coulter wheels 3 which cut into the ground
and define a channel of ground from which
the plastic mulch will be retrieved, conveyor
5 mounted to the elongate side members of
the body rearward of the cutting elements
with belt drive from a pair of wheels are
rotatably mounted to the elongate side
members, drum roller 6 for winding of
plastic mulch. Drawbacks of this mulch
retriever are: filling of the drum roller after
50 meters, long take-up of wounded plastic
mulch. Therefore, efficiency is affected
because more stops must be made to empty
the rollers than would otherwise be
necessary. It is an object of the present
invention to provide a plastic mulch retriever
that at least ameliorates one or more of the
aforementioned problems of the prior art or
provides  consumers with a  useful
commercial alternative. According to the
agricultural requirements in the development
of machinery, new structure of the plastic
mulch retriever is shown in Figure 1. Plastic
mulch retriever, comprises a pair of wheels 1,
a pair of coulter wheels 2, cutting mechanism
3 with power take off 4, a conveyor 5 to
engage the extracted plastic mulch 6 and crop
residues 7, a hydro motor 8, designed new
roller 9.

6 Beltdrive

Fig. 1. The structure of the plastic mulch
retriever
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The plastic mulch retriever in the
working position is supported by two pair of
wheels 1 are rotatably mounted to the
elongate side members and a tractor
attachment. The cutting mechanism 3 can
also comprise twelve or more substantially
horizontally mounted cutting elements,
which is driven from the PTO 4 of tractor. A
conveyor 5 mounted to the elongate side
members of the body rearward of the cutting
elements to engage the extracted plastic
mulch 6 and crop residues 7. The conveyor 5
and designed roller device 9 are driven by a
hydraulic motor 8 and a belt arrangement that
is concealed in or behind a housing for
safety.

Since the objective is to study the
parameters of the winding process the plastic
mulch and the development of a new roller
was conducted the following researches: the
changes of strength characteristics of plastic
mulch from various factors; determination of
soil resistance during the winding; the
calculation of strength characteristics of PVC
pipe (bobbin) of roller; compaction of the
used plastic mulch film on the roller.

Research of the changes of strength
characteristics of plastic mulch from
various factors under natural conditions

As it known polymers are used in
agriculture so it is important for scientists
and polymer producers to understand
durability and expected lifespan of polymer
products. Weather testing of plastic mulch is
controlled polymer degradation and polymer
coating degradation under natural conditions.
The main environmental parameters
influencing the degradation of polymeric
materials is daylight combined with the
effects of temperature, moisture and oxygen.
This, combined with the effects of wind and
atmospheric gases and pollutants (Neverov
2007).  Micro-organisms ~ can  cause
degradation in polymer systems (Sahno et al.,
2014).

Weather testing of plastic mulch was to
observe the controlled polymer degradation
and polymer coating degradation under
natural conditions. Weather testing of plastic

mulch involves placing samples on field for
planting of vegetables oriented at the sun, as
shown most clearly in Figure 2. Typically
results in stiffening and cracking, particularly
under mechanical stress (Smyshlyaeva 2007;
Krizhanovsky et al., 2007; Khazimov et al.,
2016).

Fig. 2. A typical natural weather testing field

Results of changes in plastic mulch
strength characteristics depending on various
factors under mechanical stress was studied
using the universal testing machine
HUALONG WDW-0.05C
(pdf.directindustry.com) and requirements
tensile strength test method (GOST 1992).
For testing according to the standard of
GOST 10354-82 polyethylene films of two
marks like ST (thickness 30 pm, 50 pm) and
SM (thickness 80 pm, 100 pm, black color
100 pm) were used (GOST 1983).

Data processing of ultimate strength (o)
in MPa (N/mm®) was carried out using the
following formulas:

- tensile strength (c;)

o, = Fmax
z — Ao

- ultimate tensile strength (o)
=
=i
where Fyu, — the maximum stress that a

O-T

material can withstand while being
stretched, N;

F, — the maximum stress before
breaking, N;

Ay — the cross-sectional area of the
. >
specimen, mm".
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Elongation (g) in percent was carried
out using the following formulas:
- fracture elongation under tensile stress

(e2)
Aly,

lo
- fracture elongation (g,)
& = Ali 100,

o
where /,— the length of the sample,

-100,

&=

mm;
lp.— changing the calculated
length of the sample by the ultimate
strength, mm;
lop-— changing the calculated

length of the sample by the rupture, mm;
The average values shall constitute the
test results.

Determination of soil resistance during the
winding

Seedlings of tomato, pepper, eggplant
and cabbage were planted under the plastic
mulch to determine the resistance of the soil
during removing the plastic mulch. Width of
plastic mulch was 500 mm, a thickness 100
um. Four seedings per linear meter were
planted (Figure 3).

Both edges of mul
fim covered by soi

Fig. 3. Examples of planted vegetables under
plastic mulch

A device for winding of plastic mulch
was developed (Figure 4), which comprises
frame (1), a shaft with a bobbin for winding
of plastic mulch, and an electronic torque
wrench (3) GROSS Model 14164.

Fig. 4. Scheme and general view of the device
for determining the soil resistance during winding

The torque wrench fixed the maximum
value of the shaft torque during winding the
plastic mulch. Measurements were carried
out in a five-fold repetition with overcoming
the resistance of residues of the cut plant, as
well as without them. The measurement was
carried out at the planting sites of tomato and
pepper under the plastic mulch. The height of
the cut of the stems (5) from the field surface
was 80-100 mm. The resistance of the soil
(R) during the winding was determined by
dividing the torsion moment (M) of the
torque wrench by the radius (1) of the bobbin:

M

R=-.
T

The structure and working principle of the
designed roller for plastic mulch retriever

The geometric model of the roller for
plastic mulch retriever introduced into Auto
CAD Mechanical 2019 software was shown
in Figure 5.
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Fig. 5. The geometric model of the designed
roller for plastic mulch retriever

The designed roller for plastic mulch
retriever comprises drive pinion 10, friction
clutch 11, drive shaft 12, support 13 with a
ball bearing 14 mounted at the frame,
mounted bobbin 15 between left and right
cones 16. Left cones has two blades 17,
pusher 18 and not moveable parallel to the
longitudinal axis of the drive shaft 12. Right
cones comprises limiter 19 which is mounted
to bracket 21 with a ball bearing 22 through
the cotter pins 20. Moveable shaft 23 with a
ball bearing 24, arm 25 with spring
withdrawal 26.

The working principle of the roller for
plastic mulch retriever.

As it known plastic mulch wound onto a
bobbin (paper, PVC pipe) so as to form a
reel. Bobbin remains at the end of the
planting as waste, which are likely to be
disposed of in landfills, incinerated, recycled,
or remain as waste in the environment.
Designed device works in conjunction with
the bobbin remaining from the reel after
planting of vegetables. Figuwe 6 is a
schematic side view showing when cones
separate and the bundle of retrieved mulch
falls to the ground.

Bobbin 15 compresses between left and
right cones 16. Cranking of the bobbin 15
shall be stopped by blades 17. The torque of
the rotating part of the drum is received
through a belt transmission from the
hydraulic motor 8 to the drive pinion 10, then
transmitted to the drive shaft 12 through the
friction clutch 11 to the left cone, then trough
the bobbin 15, to the right cone and than to
the right movable shaft 23.

The arm 25 mounted to support with a
ball bearing 24 and not moveable around to

the longitudinal axis of the shaft 23. Limiter
19 which is mounted to bracket 21 with a ball
bearing 22 through the cotter pins 20 can
move with the shaft 23. If the mulch retriever
is moving along at a constant speed, as the
diameter of the retrieved bundle of mulch
wrapped around the cones increases, the
speed of rotation of the rollers is reduced
because of friction clutch. The friction clutch
can also safe a plastic mulch before breaking.

After the unit (tractor with the retriever)
stops and the operator moves the handle 25
to the right, the movable shaft 23 moves to
the right with the right cone relative to the
bracket 21 and the bundle using the spring
mechanism 18 moves to the right until the
limiter 19 and when cones separate and the
bundle of retrieved mulch falls to the ground.

B—

18 9

\— Plastic mulch wound onto  bobbin

Fig. 6. Bundle of retrieved mulch falls to the
ground

The calculation of strength characteristics
of PVC pipe

Under the influence of the wound plastic
mulch, tangential stresses occur in the pipe,
which tend to deform it. Tangential stresses
occur as a result of the tension of the wound
plastic mulch due to the resistance of the soil
when pulling the plastic mulch out of the
soil. In order to verify the stability and
structure rationality of device, Inventor
Professional 2018 software was used to
simulate: maximum soil resistance during the
winding; the maximum stress before
breaking.

The model of the device for calculating
of the strength are shown in Figure 7.
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Fig. 7. Model of the device for calculating

Characteristics of the PVC pipe for
calculating strength are shown in table 1.

Table 1. Characteristics of PVC pipe for
strength calculation

Mass density 1,4 g/lem
Yield stress 46,53 MPa
Ultimate tensile strength 52,36 MPa
Young's modulus 3,4 GPa
Poisson ratio 0,4
Shear modulus 1,21429 GPa
Diameter 50 mm

Compaction of the used plastic mulch film
on the designed roller

Well compacted mulch bundle reduces
the transportation costs, where the cost is
based on the mass and volume of the bundle.
Good compacted mulch bundle also reduces
commuting and freight transportation times.
To simulate the winding process was made
the laboratory stand. Scheme and general
view of the stand shown in Figure 8 and
comprises: soil bins 1; mobile platform 2;
frequency converters of motor 3; drive system
of the platform 4; roller drive system 5;
frequency converters of roller drive system 6;
belt drive 7; designed roller 8; means for
clamping the plastic mulch 9; the bundle of
retrieved mulch 10. The platform has the
ability to move on the rail. The roller 8 was
driven by an electric motor of the roller drive
system 5 via a belt drive 7. The speed of the
roller 8 is controlled via a frequency converter
6. The means for clamping 9 controlled the
tension force of plastic mulch during the
winding.

If the roller is moving along, as the
diameter or rotational speed of the retrieved
bundle of mulch wrapped around the cones
increases, the speed of rotation of the rollers is

reduced because of friction clutch (as it was
designed for field test) which can protect of
plastic mulch from damage.

345678

Fig.8. Scheme and general view of the laboratory
stand

During the winding, the speed of the roller
was 90 rpm, that corresponds to the average
speed of the tractor (average speed of the
tractor MTZ — 82.1 equal 3 ki/h). The tension
force of plastic mulch corresponded from 3N
to 135N.

The coefficient of compaction of the used
plastic mulch (k,e;) was the ratio of the
diameter of the standard plastic mulch (Dy)
which was wound in the factory to the diameter
of the used plastic mulch (D) during the
winding: K. = z_:’

In the research plastic mulch was used
which were exposed under natural conditions
with length 100 meters. The diameter of the

used plastic mulch was measured with 5 times
frequency.

Field test of designed roller

Test samples of the plastic mulch had a
thickness of 30, 50, 80, 100 um. and were
laid on April 27, 2019 at the test field of the
«Kazakh Research Institute of Potato and
Vegetables», Almaty region, Karasay district,
Kainar village. The test field had a length -
100 m. and a width - 50 m.

RESULTS AND ANALYSIS
Results of the changes of strength
characteristics of plastic mulch from

various factors under natural conditions

Weather testing showed that plastic
mulch under natural conditions changed the
color . Besides that, plastic mulch had cracks.
The brittle of polymeric materials with the
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effects of temperature increased. As it known
brittle materials absorb relatively little energy
prior to fracture, even those of high strength.
The tensile strength of a plastic mulch under
natural conditions shown in Figure 9,10.

Fig. 9. The tensile strength of a plastic mulch under
natural conditions

These results indicate that the tensile
strength of a plastic mulch under natural
conditions decreases. In Figure 9 shows the
results of changes in strength properties on
different plastic mulch which are tested for
105 days. The results indicate that the tensile
strength (o,) did not significantly change in
all samples. But the tensile strength of some
samples during the time were changed. After
80 days of experiment, the samples of 30 um
and 50 pm during visual inspection showed
micro-cracks, which caused the plastic mulch
to become brittle. After 105 days of
experiment, it was impossible to conduct
experiments because of high brittle of plastic
mulch.

o

Fig. 10. Fracture elongation under tensile stress

" reduced the

Figurel0 shows that after 60 days, the
samples of 30 pum, 50 pm, 100 pm (black),
120 pm (black) fracture elongation under
tensile stress (g,) decreased to 110%, which
gives reason to believe about their brittle.
The fracture elongation under tensile stress
was reduced for 120 pm (black) samples by
82% and for 80 um samples by 67%. The
change of ultimate tensile strength (o) is
shown in Figure 11 and 12, which shows that
during the first test period, strength of some
samples increase and then decrease.

Fig. 11. The ultimate tensile strength of a plastic
mulch under natural conditions

Fig.12. Fracture elongation of a plastic mulch under
natural conditions

All samples of plastic mulch had the
same strength. But the strength of sample of
30 pm decreased by 47%. Besides that, all
tested samples of plastic mulch for 105 days
fracture  elongation. The
maximum fracture elongation of a plastic
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mulch with a thickness of 120 pm. (black)
decreased by 82% and the minimum fracture
elongation of a plastic mulch with a thickness
of 50 um. decreased by 47%.

Results of soil resistance during winding

Diagram of soil resistance during
winding of plastic mulch with root residues
of tomato and pepper and without plant
residues is shown in Figure 13.

Average value 346,2

Zi0
H
b
i \
H) Average value 169,8
-
-
“
o

Sol resistance without crop.
residues

Auerage value 266

Sol resistance with rop
residues of pegper

Sollresistance with crop.
residues o tomato

Fig. 13. Soil resistance during the winding

The average value of soil resistance
showed the following results: without crop
residues -169,8 N; with crop residues of
tomato — 346,8; with crop residues of pepper
— 266,0 N. The showed that crop and soil
residues affect to the soil resistance during
the winding of plastic mulch. The findings of
the study indicate that the brittleness and
other strength characteristics can be
evaluated during the design of the roller.

The results of strength characteristics of
PVC pipe

Based on the results of strength
characteristics of plastic mulch from various
factors and soil resistance during winding,
the results of calculating the stresses of PVC
pipes shown in Figure 14 and Figure 15.

Fig.14. Bending of the PVC pipe at the maximum
tension of the plastic mulch before breaking

Fig. 15. The safety factor of the roller

As can be seen from the above graphs,
the PVC pipe under impact of soil resistance
during the winding of plastic mulch,
displacement from its central axis to 451
mm. This displacement is assumed to be
acceptable in order to maintain a stable state
of the PVC pipe between the left and right
cones.

Results of the study of the compaction of
the used plastic mulch

The graphs of the changing of the wound
roll diameter and the coefficient of relative
compact versus tension force of the used
plastic mulch during the winding shown in
Figure 16.

i sz
e s
h e o
o B o

Fig.16. The roll diameter and coefficient of relative
compact
versus the tension of used plastic mulch
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Initially, there was a direct linear
relationship between tension force and
diameter. With an increase of tension force
graph sharply changes direction. This is due
to the presence of damage on the plastic
mulch, which form emptiness between the
layers of the plastic mulch. The graph shows
that the roll diameter increase with a decrease
of tension force and coefficient of relative
compaction falls. Because of this, increasing
of coefficient of relative compaction can be
progressively increase the sustainability of
long distance freight transport and the
operational efficiency of the plastic mulch

retriever (Figure 17).

The condition of wounded plastic mulch after 50 meters

Fig. 18. Field tests of the developed roller device
(right) in comparison with the drum roller (left)

The main technical parameters of plastic
mulch retriever are presented in the Table 2.

Table 2. Main technical parameters of
plastic mulch retrievers (Old and New)

Fig. 17. Compacted bundle of used plastic mulch
(right) compared to the standard mulch bundle (left)

Overall efficiency improvements of long
distance freight transport are necessary to the
agriculture. Good compacted mulch bundle
reduced the transportation costs also reduce
commuting and freight transportation times.

RESULTS OF FIELD TEST

Field tests were conducted on September
10, 2019 at the test field of the «Kazakh
Research Institute of Potato and Vegetablesy,
Kainar village, Karasay district, Almaty
region, Kazakhstan. The outside temperature
was 17 °C Field tests of the developed roller
device in comparison with the drum roller are
shown in Figure 18.

Items (metrics) Parameters
plastic plastic
mulch mulch

retriever | retrievers
with with new
drum roller
roller
Lengthxwidthxheig | 250022 | 2500%x22
ht/mmxmm>mm 00x1400 | 00x1400
Weight/ kg 380 270
Working speed/ km/ 2.4 5,0
h

Field tests showed that samples of 30, 50
pm of plastic mulch are difficult for
mechanized removal due its breaking during
the winding. More suitable were plastic with
thickness of 80 pm. and higher, which have a
tensile strength at least 8.22 MPa. During the
field test after passing 50 meters the rotating
of drum-type winding device (left) stopped
and winding of plastic mulch suspend. The
new device which was driven by a hydraulic
motor (right) showed a high degree of
compaction of the plastic mulch to the end
of the field.

CONCLUSION
(1) When the crops are harvested, the

plastic mulch need to be removed from the
ground for disposal, otherwise these wastes
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are mixed with the soil and have a negative
impact on yields by reducing the access of
nutrients and moisture in the soil. The paper
developed a device, which could remove and
wind plastic mulch with good compaction for
disposal. Good compacted plastic mulch can
increase the sustainability of long-distance
freight transport and the operational
efficiency of the plastic mulch retriever.

(2) Prevention of frequent break of the
plastic mulch during the winding was
achieved using the results of laboratory
studies. Laboratory studies determined the
soil resistance during the remove of the
plastic mulch and changes of strength
characteristics of plastic mulch from various
factors under natural conditions. These
studies allowed to determine the ultimate
tensile strength of the plastic mulch, to adjust
the necessary torque of rotation of the device
through the friction clutch.

(3) The Inventor Professional 2018
software was used to simulate the winding
process on the proposed device. Simulation
was based on the data of soil resistance and
strength characteristics of plastic mulch.
Results of simulation showed that the PVC
pipe under impact of soil resistance during
the winding of plastic mulch, displacement
from its central axis to 451 mm. This
displacement is assumed to be acceptable in
order to maintain a stable state of the PVC
pipe.

(4) The simulation results were reliable
which was proved during the winding of
plastic mulch in the laboratory and by the
field tests. The graph of the compaction of
the used plastic mulch depending on the
force was obtained in the laboratory. The
simulation results were basically consistent
with the field test. These indicated that the
structure of the developed device was
reasonable and the performance was stable
by the thickness of plastic mulch 80 pm. or
higher. The plastic mulch lower than 80 pm.
should be removed as soon as possible after
use ceases.

ACKNOWLEDGEMENT

The research was supported by Ministry
of Education and Science of the Republic of
Kazakhstan (Ne 0118PK00442)

REFERENCES

Carnell D.,1978. Photodegradable plastic
mulch in agriculture. Proc Natl Agr
Plastics Congr. 14, 143-148.

Divya, V.U.,, Sarkar, N.C., 2019. Plastic
Mulch Pollution and Introduction of

Biodegradable Plastic Mulches: A
Review. Agricultural Reviews. 40(4),
314-318.

Effects of Plastics in Agriculture in the
Jordan Valley: Utility, Impact, and
Alternative Approaches, 2019. 37.

GOST 14236-81., 1992. Polymer films.
Tensile  strength  test  method.
introduced.-  30.06.1981. - M.
Ministry of chemical industry. 10.
http://docs.cntd.ru/document/12000207
79

GOST 10354 - 82., 1983. Polyethylene film.
Specifications. Introduced.-
01.07.1983. — M.: Ministry of chemical
industry. 10.

Huaijie Hea, Zhenhua Wanga, Li Guoc,
Xurong Zhenga, Jinzhu Zhanga,
Wenhao Lia, Bihang Fanc., 2018.
Distribution characteristics of residual
film over a cotton field under long term
film mulching and drip irrigation in an
oasis agroecosystem. Soil & Tillage
Research. 180, 194-203.

Juan H., Zhi-kuan J., Qing-fang H., Jie Z.,
2013.  Application of Mulching
Materials of Rainfall Harvesting
System for Improving Soil Water and
Com Growth in Northwest of China.
Journal of Integrative Agriculture.
12(10), 1712-1721.

Kooij S., Zwarteveen M., Boesveld H.,
Kuper M., 2013. The efficiency of drip
irrigation unpacked. Agricultural Water
Management. 123, 103-110.

Khazimov M. Z., Khazimov K. M,
Bazarbayeva T. A, Urymbayeva A. A.,
Bora G. C., Niyazbayev A. K., 2019.
Mechanization of removal of the

*Corresponding author: Khazimov Kanat Mukhatovich, Department of Machinery Use,
Kazakh National Agrarian University, Almaty, Kazakhstan.

Email:kanat-86@mail.ru. Tel: +77077881419. © hitps://orcid.org/0000-0001-7926-2940





image349.jpeg
mulching film and flexible irrigation
tape from the surface of the fields.
EurAsian Journal of BioSciences.
13(2), 1251-1261.

Khazimov Z.M., Bora G.C., Khazimov K.M.,
Khazimov M.Z., Ultanova LB,
Niyazbayev A K., 2018. Development
of a dual action planting and mulching
machine for vegetable seedlings.
Engineering in Agriculture,
Environment and Food. 11 (2), 74-78.

Krizhanovsky VK, Burlov V.V,
Panimatchenko A.D., 2007. Technical
properties of polymer materials. - SPb.:
Profession. 240.

Khazimov ~KM., Khazimov M.Zh,
Saparbayev E.T., Ultanova IB.,
Zhalelov. EM., 2016. Technical

features of the polymer film for soil
mulching. Research, Results. 1(69),
271-275.

Masheng Zin, Shang Jan., 2016. Pat. CN
103749015 A01B 43/00. Film-cutting
removing and film-lifting winding type
mulching film picking machine /
applied for 27.01.2014., Bib Tex. 13.

Niyazbayev ~AK., Khazimov M.Zh,
Khazimov K.M., Safargaliev AE.,
Urumbayeva AA, 2019.

Environmental safety in agriculture.
Issues of Geography and Geoecology.
4,80 - 85.

Neverov, A. S. 2007. Corrosion and
protection of materials:  studies
manual. - Minsk: high school. 222.

Rocca AR., 2012. Plastic mulch retriever.
Patent No.: US 8.302.699 B2.

Subrahmaniyan Kasirajan, Mathieu
Ngouajio., 2012. Polyethylene and
biodegradable mulches for agricultural
applications: a review. Agronomy for
Sustainable Development. 32 (2), 501—
529

Shylo IN., Ageichyk W.A., Ageichyk M.V,
2009. Pat. 12168. BY, Int. Cl. A01G
13/00. A device for removing the
protective film from the crops of

vegetable cultures/ applied.
30.12.2008. http://bypatents.com/6-

12168-ustrojjstvo-dlya-snyatiya-

zashhitnojj-plenki-s-posevov-

ovoshhnyh-kultur.html
Sahno O. N., Selivanov O. G., Chuklanov V.

Y., 2014. Biological stability of
polymeric materials. Under the General
editorship of Professor Trifonova T. A.
Vladimir. 64.

Smyshlyaeva A. R., 2007. Correction of the
thickness of polymer films in the
process of their manufacture. Polymer
materials. 11, 6-11.

William J. Lamont Jr., 2017. A Guide to the
Manufacture, Performance, and
Potential of Plastics in Agriculture.
Plastic Mulches for the Production of
Vegetable Crops, 1st Edition, 45 — 60.

Yueling Qi, Xiaomei Yang, Amalia Mejia
Pelaez, Esperanza Huerta Lwanga,
Nicolas Beriot, Henny Gertsen, Paolina
Garbeva, Violette Geissen., 2018.
Macro- and micro- plastics in soil-plant
system: Effects of plastic mulch film
residues on wheat (Triticum aestivum)
growth. Science of the Total
Environment. 645, 1048-1056.

Yueling Qia, Adam Ossowicki, Xiaomei
Yang, Esperanza Huerta Lwanga,
Francisco  Dini-Andreote,  Violette
Geissen, Paolina Garbeva., 2020.
Effects of plastic mulch film residues
on wheat rhizosphere and soil
properties. Journal of Hazardous
Materials. 387, 121711

https://www.machines4u.com.au/view/advert
/2019-Rocca-PMRO1-Plastic-Mulch-
Retriever/166416/

https://www tubbsberryfarm.com/product/rai
n-flo-challenger-1800-plastic-mulch-
Lifter/

https://www.alibaba.com/product-
detail/Mulch-foil-
remover_50030764343.html

https://kahovka.flagma.ua/namotchik-lenty-
kapelnogo-orosheniya-02052661.html

https://pdf. directindustry.com/pdf/shanghai-
hualong-test-instruments-
corporation/hualong-universal-testing-
machine-wdw-dual-space-
electromechnical-10-1000kn/38790-
130066.html

*Corresponding author: Khazimov Kanat Mukhatovich, Department of Machinery Use,
Kazakh National Agrarian University, Almaty, Kazakhstan.

Email:kanat-86@mail.ru. Tel: +77077881419. © hitps://orcid.org/0000-0001-7926-2940





image350.png
ng Scopus Mounck  McTouHmkm

CBefleHVs 06 UCTOYHUKE

Remote Sensing

Otpuitei gocryn. @

Tofibl OXBaTa SCOPUS: 1992, 2007, € 2009 MO HACTORLLMA MOMEHT
V3parens: Multidisciplinary Digital Publishing Institute (MDPI)
ISSN:  2072-4292

OTpac/ib 3HaHWIA:  (Earth and Planetary Sciences: General Earth and Planetary Sciences )

TPOCMOTPETH BCE AOKYMEHTBI > HacTpouTh yBeAOMAEHIE O AOKYMEHTaxX [ CoxpanmTs B crincok uctounmkos  Journal Homepage

Crnckn

SciVal »

CoapaTb yyeTHylo 3anmcs

OT3eis > CPaBHUTS UCTOSHUKM >

CiteScore 2019 @
6.1

SJR 2019 o)
1.422

SNIP 2019 @
1.770




image351.png
CiteScore  CiteScore peiTVHr 1 TpeHabl  CoaepikaHue Scopus

- YnyuleHHas MeToauKa pacyeTa CiteScore

PediTUHr CiteScore 2019 OTPAXEET KONMHECTBO LMTUPOBaHW/L B 2016-2019 IT. CTaTeli, 0630POB, MaTepUanos
KOHGEDEHLV, FN12B KHUT 1 MHGODMALIMOHHBIX AOKYMEHTOB, ONYGMKOBAHHBIX B 2016-2019 IT., fleNleHHoe

Ha KOAM4ECTBO NYBANKaLLWIA 33 2016-2019 IT. MoapoGHee >

CiteScore 2019 CiteScoreTracker 2020 ©®

6 43 255 LMTUPOBaHWIA 3a 2016 - 2019 IT. 48 854 UMTUPOBaHWIA Ha TeKyLLYIO AaTy
- 7 040 AOKYMEHTOB 3a 2016 - 2019 IT. 57 - 8 501 IOKYMEHTOB Ha TeKyLLyo AaTy
Buwcreie ssimamieno o6 May. 2020 Tlocneanee oBosneHe 07 Seprember, 2020 + OHORAETCA SXEUECHO

PenTuHr CiteScore 2019 ®

Kareropus PeiiTAHr  MpoleHTuns

Earth and Planetary Sciences

L General £arth and planetary
Sciences

#15/187  m—j

MpocmoTp MeToauku CiteScore > YacTo 3aaaBaemsle Bonpocki o CiteScore > [106aeuTs CiteScore Ha cBoit cailT o




image352.jpeg
. remote sensing @)\Py

Article

Use of UAS Multispectral Imagery at Different
Physiological Stages for Yield Prediction and Input
Resource Optimization in Corn

Razieh Barzin !, Rohit Pathak 1@, Hossein Lotfi 2, Jac Varco *© and Ganesh C. Bora I'*

! Department of Agricultural and Biological Engincering, Mississippi State University, Starkville, MS 39762,

USA; rb2146@msstate.edu (RB.); rp1265@msstate.edu (R.P)

Department of Geosciences, Mississippi State University, Starkville, MS 39762, USA; hl847@msstate.edu
Department of Plant and Soil Sciences, Mississippi State University, Starkville, MS 39762, USA;
jiv@msstate.cdu

*  Correspondence: gebora@abe.msstate.edu; Tel.: +1-662-325-3155

& check for
Received: 12 June 2020; Accepted: 16 July 2020; Published: 26 July 2020 updates

Abstract: Changes in spatial and temporal variability in yield estimation are detectable through
plant biophysical characteristics observed at different phenological development stages of corn.
A multispectral red-edge sensor mounted on an Unmanned Aerial Systems (UAS) can provide spatial
and temporal information with high resolution. Spectral analysis of UAS acquired spatiotemporal
images can be used to develop a statistical model to predict yield based on different phenological
stages. Identifying critical vegetation indices (VIs) and significant spectral information could lead to
increased yield prediction accuracy. The objective of this study was to develop a yield prediction
model at specific phenological stages using spectral data obtained from a corn field. The available
spectral bands (red, blue, green, near infrared (NIR), and red-edge) were used to analyze 26 different
VIs. The spectral information was collected from a cornfield at Mississippi State University using a
MicaSense multispectral red-edge sensor, mounted ona UAS. In this research, a new empirical method
used to reduce the effects of bare soil pixels in acquired images was introduced. The experimental
design was a randomized complete block that consisted of 16 blocks with 12 rows of corn planted in
each block. Four treatments of nitrogen (N) including 0, 90, 180, and 270 kg/ha were applied randomly.
Random forest was utilized as a feature selection method to choose the best combination of variables
for different stages. Multiple linear regression and gradient boosting decision trees were used to
develop yield prediction models for each specific phenological stage by utilizing the most effective
variables at each stage. At the V3 (3 leaves with visible leaf collar) and V4-5 (4-5 leaves with visible
leaf collar) stages, the Optimized Soil Adjusted Vegetation Index (OSAVI) and Simplified Canopy
Chlorophyll Content Index (SCCCI) were the single dominant variables in the yield predicting models,
respectively. A combination of the Green Atmospherically Resistant Index (GARI), Normalized
Difference Red-Edge (NDRE), and green Normalized Difference Vegetation Index (GNDVI) at V6-7,
SCCCI, and Soil-Adjusted Vegetation Index (SAVI) at V10,11, and SCCCI, Green Leaf Index (GLI),
and Visible Atmospherically Resistant Index (VARIgreen) at tasseling stage (VT) were the best indices
for predicting grain yield of corn. The prediction models at V10 and VT had the greatest accuracy
with a coefficient of determination of 0.90 and 0.93, respectively. Moreover, the SCCCI as a combined
index seemed to be the most proper index for predicting yield at most of the phenological stages.
As corn development progressed, the models predicted final grain yield more accurately.

Keywords: Gradient Boosting; Multispectral red-edge sensor; Random forest; UAS imagery;
Vegetation index; Yield prediction.
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1. Introduction

Estimation of corn yield during the crop-growing season is essential for efficient management
of corn at strategic phenological stages. Agricultural surveys and field sampling of standing crops
are supposed to be reliable approaches to estimate corn production. However, the spatiotemporal
variability of biophysical characteristics of the crops due to inconsistency in soil nutrients and water
availability, as well as other environmental parameters affecting plant growth presenting challenges
in estimating yield on a large spatial scale accurately. The Normalized Difference Vegetation Index
(NDVI) [1] can be used to quantify biomass production [2] by measuring the difference between
near-infrared (NIR) and red wavelengths and is widely used in agricultural crop studies [3-5].
In this study, several vegetation indices (VIs) such as Normalized Difference Red-Edge (NDRE),
Optimized Soil Adjusted Vegetation Index (OSAVI), Simplified Canopy Chlorophyll Content Index
(SCCCI), and Visible Atmospherically Resistant Index (VARIg,een), were used to determine their
importance in predicting corn grain yield.

Remote-sensing technologies have been used across a wide range of applications in agriculture
to detect and monitor the biophysical characteristics of plants. The spectral information collected
by pixels is used to compute VIs, which are algorithms derived from the spectral transformation of
reflectance at two or more specified wavelengths and are used to evaluate vegetative cover or biomass
and plant growth or health status. Differencing, rationing, rationing sums and differences, and linear
combinations of different spectral wavelengths are standard methods used to calculate different VIs.
One of the advantages of using a remotely sensed VI products is that they are computed in a uniform
manner and comparable during time and location [6].

Unmanned aerial systems (UAS) with dedicated sensors and communication packages are gaining
popularity across a range of disciplines. As per requirements, the system can be designed for specific
missions or applications. The UAS equipped with the RedEdge™ multispectral camera can be used to
detect spatial and temporal variability in biophysical characteristics of corn, such as spectral reflectance
for the specified wavelengths, which can be used to compute multiple VIs. Satellite imagery is routinely
used to estimate yield of different crops [7-9]. Ongoing past examinations show that the red-edge
waveband is useful for estimating the chlorophyll content and N status of plants. NDVI-Red-edge is
increasingly profitable and helpful for later stages when contrasted with the early V6 stage for in-season
N application [10]. Despite several applications of satellite imagery in agricultural studies, a lack
of consistency and reliability of satellite products due to noise or errors and atmospheric and cloud
interferences are unavoidable issues. Clouds, shadows, and atmospheric scattering of light can be a
significant obstacle to obtaining high-quality data which can make it difficult to detect and analyze
land-surface features due to interference [11]. A UAS can acquire data from low altitude; where,
interference by clouds is not an obstacle between the sensor and land surface [12,13], but shadows
created by them can still be an issue. Another advantage of a UAS is they can provide greater spatial
resolution, and flights can be scheduled for key periods of designated phenological stages considering
the weather conditions.

In comparison to satellite images, which are blurred and in which objects are difficult to distinguish,
the data collected by the UAS has a high spatial resolution that provides a reasonable basis to identify
and analyze crop development. Satellite images are affected by the scattering and absorbing effects of
atmospheric gases and aerosols. From an altitude of 60 m, a camera mounted on a UAS can collect
more detailed and important local landscape information at around 4 cm spatial resolution. The spatial
resolution can be improved by using a more accurate camera sensor or decreasing the UAS flight
altitude [14]. Therefore, a UAS can provide images with smaller pixel sizes, and it is possible to acquire
spectral images as far as required for research objectives more frequently. The revisit time is more
crucial for the plant growth assessment. Since the plant responses and requirements are different at
their different phenological growth stages. The UAS image acquisition process, as well as spatial
resolution, are flexible and more economical than point measurements [15].
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Crop yield prediction can provide information for improving crop management, food production
monitoring, economic trading, and global food security. The emergence of new statistical learning
models such as ensemble methods based on decision trees can estimate yield before harvesting.
The decision tree approach is increasingly being used for different purposes such as corn optimal
fertilizer estimation [16] and corn yield estimation [17]. Gradient boosting machines (GBMs) are
ensemble learning models to empower the weaker models such as decision trees by combining
the results from them. GBMs are widely used in a broad range of practical applications [18] and have
demonstrated remarkable success for regression and classification applications.

The objectives of this study were to track five different spectral bands obtained through sensors
mounted on the UAS at five different phenological stages of corn and use 26 calculated VIs at each
specific stage of growth. Feature selection approaches were applied to reduce the number of predictors.
Consequently, relationships between the spectral bands and 26 VIs (as predictors), and corn yield
(as a response variable) were investigated to determine more correlated covariates with the response
variables. Finally, machine-learning techniques were hired to developed models for corn yield
prediction at each phenological stage.

2. Materials and Methods

The study was undertaken on an experimental plot at Mississippi State University.

2.1. Study Area

The study area was located at the W.B. Andrews Agriculture Systems Research Farm at Mississippi
State, MS, USA (33°28'13.5"N, 88°45'48.0”W) (Figure 1). The total area of the field was 0.8 ha mapped
as a Marietta fine sandy loam (fine-loamy, mixed, siliceous, thermic, Aquic Fluventic Eutrochept).
The imagery data were collected during the corn growing season for the years 2017, 2018, and 2019.

A 0500 1000 1500 2000 km

Figure 1. Geolocation of the study area monitored during the growing season.

Growing season precipitation totals measured at the experimental field varying between 58 cm
in 2017, 42 cm in 2018, and 76 cm in 2019, as shown in Figure 2. The data were retrieved from
the Mississippi Delta weather information monitored by the Delta Agricultural Weather Center at
the Delta Research and Extension Center, which is located at a distance of 1 km from the research field.
The precipitation in 2019 was the greatest of the three years, whereas 2018 was the lowest year. Because
of the low precipitation, signs of water stress were observed in the plants. The water deficiency issue
was addressed through furrow-irrigation in early June 2018. The mean temperature was almost similar
throughout all three growing seasons, which was 23 degrees Celsius.
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Figure 2. Monthly precipitation chart for the growing seasons: 2017, 2018, and 2019.

2.2. Experimental Design

The experimental field was divided into 16 plots, including 12 rows of corn, which were planted
at a row spacing of 97 cm, and plot length was 38 m, and there was a 3 m alleyway in between each
plot. The experimental design was a randomized complete block. Corn (DeKalb Brand-DKC67-72
variety) was planted on 13 April 2017, 19 April 2018, and 23 April 2019. There were four treatments
of N, including 0, 90, 180, and 270 kg/ha, applied randomly with four replicates. Figure 3, illustrates
the spatial distribution of each treatment and associated replication in the study field. The goal of
the spatially varied N application was to identify the optimal N requirements for the corn crop and to
address the spatial variability of the soil. Treatments were randomly assigned to the plots and have
been repeated each year on the same experimental units.

Figure 3. Nitrogen treatments and four replicates in 2017-2019 at the Research Farm, Mississippi State, US.

The first N application was made just after emergence in each year at V2-3 (2-3 leaves with visible
leaf collar), followed by a second application at V6-7 (6-7 leaves with visible leaf collar). Figure 4
illustrates N applications, planting/harvesting, and flight dates during the different phenological
stages of corn for 2017, 2018, and 2019. Fertilizer N was side dressed as liquid urea ammonium
nitrate (UAN) (32-0-0) with an applicator equipped with colters, and liquid knives spaced 23 cm
from one side of each corn row and 7.62 cm deep. Limited irrigation was supplied through furrow
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irrigation to prevent drought stress. Strip tillage was utilized for these years, although plots were
disked, and beds were formed following the 2017 growing season. Following the 2017 corn harvest,
a Persian clover (Trifolium resupinatum L.) cover crop was planted at a percent live seeding rate of
6.74 kg seed ha™! across the whole experimental area using a no-till grain drill. Plots were fertilized
based on soil test results and received uniform applications of P-K-Mg-S before planting for all parcels.
The fertilizer blend consisted of two parts muriate of potash (0-0-60), one part concentrated super
phosphate (0-46-0), and one part sulfate of potash-magnesia (0-0-22-11Mg-22S) and was applied at a
material rate of 224 kg ha™!. Weeds and pests were controlled based on Mississippi State University
Extension recommendations. The field under study has been used for corn cultivation since 2012 with
the same fertilize N rates applied each year. Corn grain was harvested using a two-row plot combine,
which collected the yield from rows 2 and 3 and rows 10 and 11 (Figure 5).

DN application  CPlanting/harvesting  ©Flight V6 V- vio [VEEVT Vios v

| ol |

2017

2018

Figure 4. N applications, planting/harvesting, and flight dates during the different phenological stages
of corn for 2017, 2018, and 2019,

Rows 2.3

Rows 10,11

Figure 5. The spatial location of rows 2, 3, 10, and 11.

2.3. Data Collection

The MicaSense RedEdge™ multispectral band sensor mounted on a UAS was used to capture
images in five different spectral bands simultaneously. The unit weight was 150 grams with a dimension
of 12.1 cm X 6.6 cm X 4.6 cm. The UAS was flown at an altitude of 60 m in 2017 and 2018, whereas in
2019 it was flown at an altitude of 30 m. Decreasing the altitude from 60 m to 30 m provided better
images with approximately four times greater resolution. The enhanced resolution was beneficial in
separation of soil and vegetation. The sensor was mounted on the bottom of the UAS with a viewing
angle not exceeding 10 degrees from nadir. The multispectral sensor measured the wavelength at
five different spectral bands, including blue (475 nm center, 32 nm bandwidth), green (560 nm center,
27 nm bandwidth), red (668 nm center, 16 nm bandwidth), red-edge (717 nm center, 12 nm bandwidth),
and near-infrared (842 nm center, 57 nm bandwidth). All five bands were collected simultaneously at a
speed of one capture per second. Optimal image acquisition time is within plus or minus two and a
half hours of local solar noon [4,19-22], therefore, all the flights were performed around 10:30 am under
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cloud-free conditions. The length of the flight was around 10 minutes for the 0.8 ha field area; therefore,
environmental conditions such as solar radiation, temperature, and humidity were nearly constant
during the data acquisition process. The UAS images were acquired with a horizontal overlap of at
least 75%. Images were stitched and mosaicked with the Pix4D mapper software (Pix4D SA, Lausanne,
Switzerland) to obtain unique and compiled images for the study area. Superimposed images obtained
through the stacking of images were disoriented during the first flight. This may be due to the errant
movement of the camera. To address this issue a co-registration process was adopted. A calibrated
reflectance panel (CRP) was used for the radiometric calibration of the acquired images. The CRP
offers calibration information associated with the acquired images across the visible and near-infrared
images. Images of the CRP that had been taken before and after the flight were used to convert raw
pixel values into reflectance. The initial processing of the raw images was done at the Geosystems
Research Institute (GRI) at Mississippi State University.

2.3.1. Vegetation Indices

Vegetation indices are mathematical combinations of wavelength-specific spectral reflectance
developed to detect and monitor vegetation’s phenological conditions remotely. For vegetation,
reflectance by itself is low in both the blue and red bands of the spectrum due to maximum chlorophyll
absorption in those bands while reflectance has a peak in the green band. Because of the cellular
structures of leaves, the reflectance is much more significant in the NIR bands compared to visible
bands. In this study, several VIs were derived from a 5-band multispectral sensor. Multispectral
bands are visually and numerically similar; on the other hand, they are often highly correlated [23,24].
To avoid the issue associated with VI calculation, row data was converted to percentage reflectance
to signify the quantitative data. The name of the indices and associated spectral bands are listed in
Table 1. The choices of indices by the researchers may vary according to their need but for biomass
content, most indices involving red, infrared, and red-edge bands were preferred. These bands are
supposed to explain even the subtle changes in biomass content.

Table 1.  Mathematical representation of vegetation indices and ratios calculated from
spectral reflectance.
Veastallon ndics Nome ot Study Groups
1 DVI Difference Vegetation Index NIR - Reds 5]
2 GDVI Green Difference Vegetation Index NIR - Green 6]
3 RDVI Renormalized Difference Vegetation Index (NIR - Red)/ YNIR  Red 7]
3 VI ‘Transformed Difference Vegetation Index 15 (NIR - Red)/ YNIR? 1 Red 1 05 1251
5 NDVI Normalized Difference Vegetation Index (NIR — Red)/(NIR + Red) 1,29
3 GNDVI Green Normalized Difference Vegetation Index (NIR — Green)/(NIR + Green) &)
7 NDRE Normalized Difference Red-edge (NIR — Red-edge)/(NIR + Red-edge) [SE]
B sccar Simplified Canopy Chlorophyll Content Index NDRE/NDVI B2
9 Vi Enhanced Vegetation Index 25 (NIR - Rec)/(NIR + 6Red — 7.3Blue + 1) [
10 ™ Triangular Vegetation Index 05 120 (NIR — Green)] — 200 (Red — Green) il
1 VARIgeen Visible Atmospherically Resistant Index (Green — Red)/(Green + Red — Blue) 0]
12 GARI Green Atmospherically Resistant Index R A iy (A 151
B ca Green Chlorophyll Index (NIR/Green) — 1 Bl
in oL Green Leaf Index (Green — Red - Blue)/(2Green + Red + Blue) 71
15 TG Tiangular Greenness Index (Red - Blue) (féfd’ f]nrf::‘;, R (Red — Green), B8]
16 NLI Non-Linear Index (NIR? - Red)/(NIR? + Red) 391
17 MNLI Modified Non-Linear Index. (NIR? - Red) * (1 + 0.5)/(NIR? + Red + 0.5) [40,41]
15 SAVL Soil-Adjusted Vegetation Index 1.5* (NIR - Red))/(NIR + Red + 05) 2]
19 GSAVI Green Soil-Adjusted Vegetation Index 15 * (NIR — Green)/(NIR + Green + 0.5) 3]
20 OSAVI Optimized Soil-Adjusted Vegetation Index (NIR — Red)/(NIR + Red + 0.16) 2]
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Table 1. Cont.
Vegetation Indices Study Groups
o Name Formula (Reference)
2 GOSAVI ‘Green Optimized Soil-Adjusted Vegetation Index (NIR ~ Green)/(NIR + Green +0.16) ]
2 MSAVI2 Modified Soil-Adjusted Vegetation Index2  (2NIR + 1 - (2NIR + 1)2 - 8(NIR - Red) )2 ]
23 MSR Modified Simple Ratio (NIR/Red) - 1/ VNIR/Red + 1 1
24 GRVI Green Ratio Vegetation Index NIR/Green 5]
25 WDRVI ‘Wide Dynamic Range Vegetation Index (0.1 NIR — Red)/(0.1 NIR + red) 119]
2 SR Simple Ratio NIR/Red 1451
‘Where Red, Green, Blue, Red-edge, and NIR are the reflectance values at 0.67 um, 0.56 pm, 0.45, 0.72 pm, and 0.84

jm respectively.

2.3.2. Masking Soil Pixels

To estimate the spatial average of VIs for each corn row, it was essential to mask bare soil pixels
located between corn rows. After the VIs calculation, the bare soil pixels were removed since these
pixels do not provide further information in the yield estimation modeling Eliminating these pixels
reduced the image processing time and attributed to better estimate the spatial average of VIs for
each row. Moreover, reflectance data from the corn rows contain information associated with the corn
leaves and the scattered wavelength from the background soil within the leaves. The background
soil reflectance potentially decreases the effectiveness of the leaves in VI values [46]. The occurrence
of such a phenomenon is explicitly noticed when the leaves are in the primary phenological stages.
To reduce this effect, different VIs such as the Soil-Adjusted Vegetation Index (SAVI), Optimized
Soil-Adjusted Vegetation Index (OSAVI), Green Soil-Adjusted Vegetation Index (GSAVI), Green
Optimized Soil-Adjusted Vegetation Index (GOSAVI), and Modified Soil-Adjusted Vegetation Index
2 (MSAVI2) have been used. These VI's takes care of the contribution of the soil reflectance in VIs
calculation, specifically in the leaf edge pixels which may have soil and vegetation information together,
therefore, the pure soil pixels were removed. As a result, an empirical equation (Equation 1) was used
to mask the unshaded and shaded bare soil pixels.

Gingex = 2+ Green — Red — Blue (1)

The Gingex Values greater than 0.06 were selected as vegetation pixels based on trial and error.
Although NDVT has been used to remove soil pixels [47,48], it does not detect and remove shaded pixels.
Therefore, the proposed Giyqey filter can remove all shaded and unshaded bare soil pixels precisely.

2.3.3. Harvesting Process

Corn grain was harvested by a two-row plot combine for the whole plot length. Rows 2 and 3
and rows 10 and 11 of each plot were combined. Some of the plots suffered extensive raccoon damage in
2018; hence, ears were harvested by hand from uniformly standing undamaged rows. Hand harvesting
was performed by pulling ears from two 6.1-m row lengths of each harvest row pairs (rows 2, 3,
and rows 10, 11). The regions of damage were skipped during the hand harvesting. All grain yield
data were adjusted to 15.5% moisture content. Since yield data were collected for rows 2-3 and rows
10-11, VIs derived from pixels reciprocating the rows were calculated. The bare soil pixels between
rows were eliminated by applying Equation 1, and then the spatial average of pixels was taken for
each row. Figure 5 shows the spatial location of the rows within each treatment.

2.4. Outlier Detection

After calculating VIs for each phenological stage, outliers for each VIand at each stage were removed
from the data set by utilizing a well-known z-score (z = (x — X)/0x) [49,50]. Here, the observations with
z-score greater than 2.5 were considered as outlier data. The threshold number flexible between 2.5
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and 3 were used to remove outliers [51]. A smaller threshold number of results in a greater selection of
outliers. Allin all, approximately 3-8% of the data for each growth stage were removed as outliers.

2.5. Feature Selection

The process of identifying the most important features is called “feature selection”. The random
forest method is one of the most popular machine-learning methods used in data science workflows.
This method is a combination of tree predictors used commonly as a tool for classification, regression,
and ranking of candidate predictors [52,53]. In this research, the most important variables for each
phenological stage were identified by the random forest feature selection method. The random
forest method uses a training dataset and creates multiple subsets of the data randomly. Then, trees
(samples) are used to create a ranking of classifiers and perform a vote for each predicted result. Finally,
prediction results are selected which have the most votes [53]. Random forest is considered a highly
accurate and robust method [52] because of the number of decision trees participating in the process.
This method has acceptable predictive performance, low overfitting, and simple interpretability.

2.6. Statistical Analysis

Many of the statistical parametric tests such as correlation analysis, regression modeling,
and analysis of variance (ANOVA) assume the data follow Gaussian distribution. In this research,
the density plot and the Shapiro-Wilk’s test [54-57] were used to evaluate whether the data follow
Gaussian distribution or not. Although some statisticians suggest that in case of the large sample
size (n > 30), we can ignore the distribution of the data and use parametric tests [55,58], the observed
yield data were not large enough (32 samples size for each year) and were not following the normal
distribution; therefore, two approaches were used to make yield prediction models: (1) the data
were normalized and then multiple regression models were fitted using the important features,
and (2) a gradient boosting decision tree model was hired as a non-parametric method to estimate
corn yield. Gradient boosting machines (GBMs) is a method of converting weak learners into strong
learners like the random forest, however, in GBM the kth tree is trained from the first k-1 trees
and updated the residual for the ith example of the difference between prediction and observations [59].
In other words, the predictors were sequentially trained and tried to correct the predecessors. One of
the advantages of using GBM is that this method is highly customizable to the specific necessity of
the application, such as being learned with regard to various loss functions [18].

For the multiple regression models, some of the input variables were not associated with
the response variables that triggered excessive complexity in the final model. Therefore, possible
combinations of the essential variables were used to fit different multiple regression models.
Linear model selection was used to determine the number of significant variables that improve the model
by maximizing the adjusted R, minimizing Bayesian information criterion (BIC), and minimizing
the cross-validated prediction error (Cp) [60]. Furthermore, cross-validation (CV) [61] was used as a
backup method to ensure the predictors were correctly determined. Cross-validation is a method used
in the selection of models to test the ability of different models in their accuracy in the prediction of
results. In this research, the data were split into two subsets. Eighty percent of the data were used
as training samples or the model-building set, and 20% of the data were used for prediction or as a
validation set. Each variable was included in the model, and then the average of the cross-validation
error was estimated. Overall, after removing outliers, the random forest and cross-validation methods
were used to find the number of influential variables for predicting the corn yield. Random forest
feature selection illustrates the importance of variables at each stage. Different variables were selected
for each phenological stage of corn.

In this research, the software programs ArcMap 10.7.1 (Environmental Systems Research Institute,
Inc. (ESRI), Redlands, CA, USA) [62], QGIS v.3.12.0 (Béschacherstrasse 10a CH-8624 Griit (Gossau
ZH), Zurich, Switzerland) [63], and R version 3.6 (R Core Team: Vienna, Austria) [64] were used to
manipulate and analyze the data.
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3. Results and Discussion

Graphical (density plot) and numerical (Shapiro-Wilk’s test) assessment of the normality of
the data illustrated that the data does not follow a normal distribution (Figure 6). It can be observed
that the corn yield data distribution shape does not match the normal distribution (dashed lines).
Since the normality test is sensitive to sample size, therefore, it is important to combine visual inspection
and significance tests in order to make the right decision. The Shapiro-Wilk’s test confirmed the same
result and therefore, the data was normalized. The correlation between yield and 31 independent
variables is shown in Figure 7 at V4-5 and VT stages.
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Figure 7. Correlation between com yield and 31 variables (5 spectral bands and 26 vegetation indices
(VIs): (a) at V4-5 (45 leaves with visible leaf collar); (b) at tasseling stage (VT).
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The taller the data bar, the greater is the correlation between each variable and yield. As shown
in Figure 7, the SCCCI, NDRE, MSAVI2, and Green Difference Vegetation Index (GDVI) at V4-5
stage and Triangular Greenness Index (TGI), SCCCI, Green Atmospherically Resistant Index (GARI),
and GOSAVI at VT were more correlated with yield as a response variable. However, all of these
variables were not included in the final model due to their interaction between the independent variables.

Random forest selected different features for each corn phenological stage. For instance, the SCCCI,
NDRE, and MSAVI2 were the most striking features to predict the yield at the V4-5 stage (Figure 8a).
The TGI, Green Leaf Index (GLI), VARIg,em, and SCCCI were the most significant VI's to estimate yield
at the VT stage (Figure 8b).
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Figure 8. Feature importance by Random forest feature selection method: (a) at V4-5; (b) at VT.

Regarding the model selection method, for the VT stage, three predictors had a significant impact
on increasing yield prediction accuracy (Figure 9). The three variables lead to almost the greatest
adjusted-R? and the lowest BIC and Cp. Although adding a 4th variable increased the adjusted-R? or
decreased the BIC and Cp, these improvements were not significant. Therefore, three predictors were
used in the yield prediction model for the VT stage, which explained approximately 95% of the corn
yield variation.
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Figure 9. The linear model selection at the VT stage.

Moreover, the mean CV error confirmed that the same number of variables were needed for
the final model (Figure 10). As a result, the best subset selection on the full dataset with the lowest
mean square error (MSE) was the 3-variable model used to predict grain yield at the VT stage.

~ w S
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10 15 20
Number of variables

Figure 10. Mean cross-validation error versus the number of variables.

To achieve a mathematical yield prediction algorithm, multiple linear regression models were
fitted for each phenological stage (Table 2).

Table 2. Regression models and performance for each model to predict yield at different

phenological stages.
Phenological Stage Yield Prediction Models R2-adj
V3 Yield = — 23 + 144.4 OSAVI 0.63
Va5 Yield = — 13.36 + 45.48 SCCCI 0.69
V67 Yield = — 161 +5903 GARI + 151.7 NDRE — 4569 GNDVI 0.70
V1011 Yield = — 2264 + 68.93 SCCCI — 19.13 SAVI 0.90
VT Yield = — 10.96 +26.07 SCCCI - 68.25 GLI + 13.25 VARIgreen 093

Although TGI was the most important feature at VT (Figure 8b), it was not statistically significant
among other selected variables. Similarly, all these processing methods were applied for each of the five
growth stages in order to predict grain yield. Since plant leaf area and metabolism are different at
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phenological stages, the relationships between yield and spectral bands/VI are likely to differ; therefore,
amodel for each stage was developed. The coefficients of determination (R?) for different models at
each phenological stage are shown in Table 2. All the variables used in these models are statistically
significant (at the o = 95% significance level).

Furthermore, the measured yield data were compared to the fitted models to evaluate
the performance of the algorithms. Figure 12a-e illustrate the scatter plot of observed yield values
versus predicted yield values at different stages using multiple linear regression. In these figures,
the blue line is the 1:1 line, which has a slop of 1, and the red line is the modeled prediction regression
line. The regression line indicates how a response variable changes as predictors change. The increasing
similarity in the slope and intercepts of the regression line to the 1:1 indicates a more significant model
predictive capacity.
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Figure 11. Cont.
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Figure 11. Scatter plot of observed versus predicted yield model of corn using multiple linear regression:
(a) V3 (3 leaves with visible leaf collar); (b) V4-5; (c) V6-7; (d) V10; (e) VT stages.

The yield model at V3 with one single variable, OSAVI, resulted in the simplest yield estimation
model, which has the advantage of simplicity and ease of calculation. As Rondeaux (1996) concluded,
OSAVT excels in regions with sparse vegetation where the soil is visible through the plants [42,65] and,
thus, utilization of a VI that corrects for soil interference such as OSAVI worked the best when corn
leaf area was at the lowest and bare soil was the greatest among all the sampling times. This model
predicted corn grain yield using only one variable at the V3 stage, and the model explained the 63%
variation in the corn yield. At the V4-5 stage, the SCCCI predict grain yield with the highest level of
accuracy. The variable selection method indicated that including more variables did not significantly
improve the efficiency of the model at V3 and V4-5 stages. Adding a 2nd variable (VI) only increased
the R? to 0.7 which was not significant. At the V6-7 stage, the GARI, NDRE, and Green Normalized
Difference Vegetation Index (GNDVI) together resulted in the best prediction accuracy of grain yield.
Although the NDVI is a commonly used index to predict yield, this index saturates when the leaf
area index is greater than 1.5 [66]. The green NDVI (GNDVI) was most strongly related to grain yield
because it has a broader dynamic range than NDVIand combines the green and NIR wavelengths,
which are more strongly associated with leaf chlorophyll, N content, and grain yield than the red
wavelength [22,35,67]. The SAVIisa VI related to biomass to predict yield in highly vegetated areas [66].
At the V10-11 stage, SAVI was one of the most effective variables in predicting yield with an R? of
0.90. The SCCCI, GLI, and VARIg,een were found to provide the best predictive accuracy at the VT
stage (R? = 0.93). Moderate to high R2 values (0.63, 0.69, and 0.70) at V3, V4-5, and V6-7 were observed
respectively, and high R? values (0.90 and 0.93) at V10 and VT were obtained, respectively. As a result,
at V3 and V4-5, the models with a single index, and after V6-7, the predictive models with multiple
indices produced the most solid relationships between observed and predicted grain yields. Similar
results were reported for lettuce yield prediction [68]. To conclude, the VIs used in the predictive
models (Table 2) were exchangeable with the next importance VIs (Figure 8); however, this replacement
led to a reduction in the accuracy of the model by about 5%.

Assessment of the gradient-boosting models used for prediction of corn yield for five phenological
stages suggested that VI's derived from MicaSense observations can predict corn yield with relatively
higher accuracy (Figure 12a —e). The R? ranging from 0.84 at V3 to 0.97 at VT. Although GBM for
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the V3 stage has relatively high R?, the root means square error is high (RMSE = 2.1 ton/ha). Compared
with multiple regression models, ensemble learning models performed better estimation. For instance,
at the V4 to V5 stages, gradient boosting consistently performed better in the prediction of corn yield
during both the cross-validation and validation phase. The advantage of the non-parametric ensemble
learning models over the regression-based model could be associated with the existence of non-linear
relationships between the yield and VIs that random forest-based algorithms can integrate during
model development. Additionally, the flexibility in the hyperparameters configuration of the boosting
methods can result in higher performance in yield prediction.
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Figure 12. Scatter plot of observed versus predicted yield model of com using gradient boosting
machines: (a) V3; (b) V4-5; (c) V6-7; (d) V10; (e) VT stages.

Two critical results were observed from this study: first, as shown in Table 2, the SCCCI as a
combined index seems to be the most appropriate index for predicting yield [32]. Second, as corn
development progressed, the GBM and regression models predicted final grain yield more accurately,
indicating that there is some relationship between the VIand the biomass content of the corn. It appears
that the variation in fertilizer N rates provided a good basis for differentiating growth and, ultimately,
grain yield, which provided adequate sensitivity for model building and testing.

4. Conclusions

Spatial mapping of corn yield is required for proper field management which is needed for
improving crop productivity. This study utilized five distinct wavelengths and 26 calculated VIs
as input variables to develop regression-based and tree-based learning models at different corn
phenological stages to predict corn grain yield at V3, V4-5, V6-7, V10-11, and VT phenological stages.
The influence of the variables was found to vary with the phenological stages. In general, the VI that
contributed to the majority of the models was SCCCI, suggesting the importance of red-edge-based VIs
during yield estimation. At V3 and V4-5 stages, OSAVI and SCCCI were the single dominant features
in the yield-predicting models, respectively. The most suitable GBM models with the greatest R? values
of 0.97 and 0.95 resulted at the V10 and VT stages, respectively. Similarly, the highest R? values were
obtained at the same stages using regression-based models. When the models’ performances were
compared forindividual stages in both regression-based and tree-based models, however, the accuracies
were higher as corn development progressed. One of the goals of this research was to find the models
for each stage with minimum error (maximum R?) by using the appropriate number of predictors.
The methodology used in this research can be extended to predict yield for other crops or in other
regions as well, where yield prediction is mainly reliant on weather and climatic conditions.

The accuracy of the models in this research might have been affected by different things, including
a smaller number of yield samples collected for each year and the use of limited machine-learning
algorithms. In this study, we observed considerable improvement in yield prediction with the use
of ensemble learning model than the linear regression algorithm. For corn yield prediction, spectral
information, preprocessing, and preprocessing algorithms were important.
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In conclusion, results of this research demonstrated the use of the smallest number of predictive
variables that are statistically significant which resulted in an improved explanation for corn yield
prediction. Contributing to the accuracy in the predictive capacity of these models included
the following: preprocessing of data, including removal of soil pixels, deletion of 3-8% of outliers before
conducting the statistical analysis, evaluating for appropriate variables, and selecting appropriate
machine-learning model.
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106poBOIBHOI OCHOBE 0GecteunBaeTes cobmopenne Tpedoparuit TP TC 02072011 "3OnexTpoMarHuTHAsL
COBMECTHMOCTH TexHuuecknx cpencts”: pasaen 8 TOCT 30804.6.1-2013 "ConMecTHMOCTS TEXHHUCCKIX
CPEICTB MEKTPOMATHHTHAS. Y CTOMYHBOCT K HMEKTPOMATHHTHEIM TIOMEXaM TCXHHUECKHX CPEACTB,
[PHMCHAEMBIX B JKHIIBIX, KOMMEPYECKHX 30HaX H POH3BOACTBCHHBIX 30HAX C MAITEIM JHEPTOMOTPEDICHHEM.
TpeGoanus 1 meroxer nenbrrannit’, pasnen 7 TOCT 30804.6.3-2013 "CoBMECTHMOCT TEXHHYCCKIX CPEACTD
3NEKTPOMATHHTHAA. DTEKTPOMATHHTHEIC TIOMEXH OT TEXHIIECKHX CPEJICTB, PHMEHAEMBIX B JKHIIBIX,
KOMMEPUCCKHX 30HAX H MPOM3BOACTBEHHBIX 30HAX C MaiIbiM SHepronoTpednennem. Hopmer i merozsr
HCIBITaHMi" .

Tepexos Cepreit Huxomaesuy

IO, sexmmens)

aTa periefhauun.aéisrapamu o coorsercremn: 10.12.2019
p \_/)

&




image378.jpeg
BEPTRONAAT CoOTBETOTRAA

[ H [ NeTC RU C-RU.ALJ06.B.00220
Cepust RU o 04350862
| OPI'AH 10 CEPTHOMKALIAN npoaykui OBLECTBO € OFPaHUIEHHOA OTRETCTREHHOETLIO «CTamAapT-TpyAny,

| Mecro Haxaxaenns: 142211, Poccuiickan Pegepauns, Mockosckan 06nacts, ropog Cepnyxos, ynuua OGopoHHas aoM 2.
| DaxTudeckaid agpec: 142211, Poccwitckan ®eaepauyn, Mockoeckan oGnacTs, ropej Cepnyxos, ynuia OGOpoHKER AOM 2.
b%{ Tenecow: 8 (495) 664-89-40, daxc: 8 (405) 664-89-40, agpec anexTpooil noutul: serpuhov@standart-test.com,
| ATTECTAT aKkpeAWTauMM perueTpauMonHEii Ne RA RU.11AL08, senax 03.03.2016 rona SENEPANBHON CIYVECH
% NO AKKPEAUTALIMW «POCAKKPEAUTALMA»

OCHOBHOM rOCYAAPCTEEHHGIA PETACTRAUMOHHEIR KoMep: 1027403885717
Mecro naxomaenrs. POCCUSA, 454018, ropoa YenaBuke, ynuua KuenuuwHa, oM 100, daktidacki agpec: POCCUS, 454018, ropoa
Yenaburck, ynnua Kucnuumna, aom 100. Tenedon: +7 (361)796-01-18, daxc: +7(351)796-01-18, aapec anaxrpoHHoi novTh: teko@teko-com. ru

% 3ASABUTEADL 3aKpLiToe AKUMOHEPHOS OBILECTBO HayuHo-NpOU3B0ACTBEHHAR KomMnaKuA "TEKO"

MecTo Haxoaenwiss: POCCUS, 454018, ropop Yenabuvck, ynuua Kucnuuuia, Acw 100, Daktuueckuil agpec: POCCIA, 454018, ropog
-ﬁp Yenabunck, ynuua Kucnuumia, aom 100

< g H3rOTOBUTEAD JakpeiToe akunoHeproe obuiectao HayyHo-nporasoacTeentan komnawua "TEKO"

"‘S;L TIPOAYKIIHSI BeckoHTaKTHbIE BbIKMo4aTeni, Tunos (cm. Mpunoxenne — Gnank Ne 0287443).

|~ CepuitHelit Bbinyck. MpoaykLus M3roToBNEHa B COOTBETCTBUN ¢ BTUHD.3428.032-2016 TY
l;{ "BecKoHTaKTHLIe BbikloYaTenn"

KOATHBIATC 8536201008

| COOTBETCTBYET TPEBOBAHMAM TP TC 004/2011 "O 6€30nacHOCTY HU3KOBONLTHOMO
| oBopypoBaHus"

=

| CEPTHOHKAT BHIAAH HA OCHOBAHMH Mpotokona ucneitanuii Ne 102TC-07/2016 ot 21.07.2016.

WL OO0 "EBPOCTAH", peructpauuoHHbIil HoMep aTrectata akkpeautauyun POCC RU.0001.21AB76 o1
| 07.02.2013 fo 28.10.2016. AKTa 0 pe3ynbTaTax aHanm3a cocTORHIUA npoussogcTea Ne 222 ot 14.06.2016
| opraHa no ceptudmkauun OO0 «Ctanaapt-Mpynny, perucTpaumoHHsin Ne RA.RU.11AL06 ot 03.03.2016,
142211, Poccusi, Mockosckas oSnacts, ropog Cepnyxos, ynuua O6opoHHas, aom 2.

B COOTBETCTBUM ¢ lMONOKeHUEeM O eanHOM JHake 0BPaLIEHMA NPOAYKLIM HA PLIHKE FOCYAAPCTE - YNeHos TaMOKEeHHOro col3a,
bitd Pewekinem Komuecun TamomeHHoro coloaa ot 15 mona 2011r. Ne711. Yenosun xpaHe HUA npoayxuym s
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IMPMAOXKEHUE

K CEPTUQUKATY COOTBETCTBHs NeTC RU C-RU.AN06.8.00220
Cepnn RU  Ne 0287443

Mepeverb NpoAyKUMM, Ha KOTOPYIO PACTPOCTPaHABTCS AGHCTBUE CepTUdUKaTa COOTBETCTBNA

M:a:‘:'e:o::u:e,"?ﬁnzl,:apm:u OBo3HayeHUe foKyMeHTaLum, no
Kon THB3A TC A AHopoA! POAYKUMH, KOTOPOI BbINyCKaeTcs
COCTaBHbIe YacTH U3genus unu
npoAayKuus
Komnnekca

BeCKOHTaKTHLIE BLIKNMIOYATENM:

Tvn IS — Beikmiouarteni nHaykTveHbie 1S
Tun IV — Boikniovateny nkaykTveHbie [V
Twvn CS - BelknoyaTenn emkocTHsle CS
Twun OV — Boikniovatenu ontudeckue OV
Tun OX - Buikmiauarenu ontudeckue OX
Tun OS - Belknioyareni ontudeckue 0S BTWIO.3428.032-2016
Tun OY - UanyuaTenu ontudeckue OY
Tun MS - Buikniosarenu
MarHuTouyscTBnTENbHBIE MS

8536201008
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MYC POCCUHA

@EAEPAJIbHOE FOCY IAPCTBEHHOE BIOA)KETHOE YUYPEXKIEHUE
«BCEPOCCHICKW#1 OPIEHA “3HAK MOYETA” HAYUYHO-UCCJIEAOBATENLCKMI HHCTUTYT
[POTUBOIOXKAPHOH OBOPOHBI MUHUCTEPCTBA POCCUICKON ®EIEPALIAM
M0 AEJIAM I'PAXIAHCKOW OBOPOHbI, UPE3BbIUAMHBIM CUTYALIMSIM
W JIMKBUAAUMM MOCJEACTBUI CTUXUMHBIX BEACTBUIl»

(CTI'BY BHUMIIO MYC Poccuu)

mkp. BHUHMIIO, a. 12, r. Banamuxa, Mockosckas obnacts, 143903
Tenedon: (495) 521-23-33. Dakc: (495) 529-82-52, 524-98-99
E-mail: vniipo@mail.ru; http://www.vniipo.ru

AT ) BNy e A6 AT JlupeKTopy HeHTpa
000 «MBK XOJIIVHI »
Ha Ne 188-T]1 or 02.12.2019 Jlucroran LU,
O Heo6X0IMMOCTH 06A3aTeHHOO
OATBEPIKICHHS] COOTBETCTBHS [Ipocnexr Jlennna, . 107/49, oduc 457
r. [Toxonsek, MockoBekas 0671acTs,
142100

Ten. (495) 542-2222,
Daxc: (495) 542-2220

Ha Baw sanpoc cooGimiaem, 4to yKasanHas B IPHIOKEHHH IPOLYKIIHS, He MOIICHIT
00S3TE/IHOMY [TOATBEPIKACHHMI0 COOTBETCTBHSI TPEGOBAHUSM TEXHHYECKOrO pernameHTa
Espasniickoro sxoHomuueckoro corsa «O TpeGoBaHWSX K CpencTBaM  obecreueHus
noxapHoit GesoracHocTu 1 noxaporywenus» (TP EADC 043/2017).

OTBETCTBEHHOCTb 32 TPABIILHOCTB NPE/ICTABIEHHO B 3arpoce uHpOpPMALIHH HeceT
000 «MIBK XOJIIUHI ».

Cpox sieficTis maHHOTO muckMa 10 20.12.2020 T.

[Mpunoxenue: Ha 27 1. B 1 3K3. TONBKO B azipec.

HavanmeHuk uucTHTYTA JL.M. 'opruenko

Aykos IMetp Banepbesuu
Ten. (495) 521-27-92
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@ 010000, Kazakhstan, Astana, 19, @ Mob: +7702 846 69 65
g EURASIAN Imanov Street, business centre

BRANDS *Alma-ata", office 510 B eurasianbrands@mail.ru
KASPEES Ry PR & www.eurasiabrands.com

OTYET Ob UH®OPMAIIMOHHOM IIOUCKE 11O
HATEHTHOMY ®OH/Y

Has3Banne NMpoeKTa: Texnosorust u CpeacTBa yaaJiCHUsA MYIIB‘{prlOILICﬁ TUICHKHU U
rHOKHUX MOJUBHBIX JICHT KareJIbHOro OpOLICHUS C 110J14 B ITOCTIE y60p0‘1Hblﬁ NEpUOa.

J{upexrop UII «Eurasian Brands»

Acrana, 2018

¥
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I3JIEY KOHIH/IE ECEII
OTYET O MOHUCKE

Artaybi / Ha3Banue:
Texnos0rus U cpeacTBa yaajeHusi MyIbUHPYIOUIEH IIEHKH H THOKHX NOJHBHBIX JEHT
Kamne/IbHOT0 OPOLIEHMUSI C MOJISI B IOCJIe YOOPOUHbIH nepHox

HAO «Ka3axckuii HALHOHAJIBHBIH YHUBEPCHTED)

OBBEKTIHIH KJIACCH®UKALHUACHI

( Herisrinepi, Kochimilia pybpukanapsi sxane icreri XIIK peaakimschiHbIH THOPHATI XKyiienepi
KepceTinesni) /

KJACCH®HUKALIUA OBBEKTA

(yKa3bIBAKTCS OCHOBHbIE, JIOTIOJIHHTENbHbIE PYOPHKN 1 rHOPHIHBIE CHCTEMBI elicTByIomeN penakiin MITK)

A01G 13/00 (2006/01), A01G 13/02 (2006.01)

5. IBIEY AMIMAFBI/ OBJIACTD ITOHCKA
5.1. Tekcepinren PCT kyxaramma muaumymsi (XTTK unpekctepiMer kepeerineni): /
Iposepennsiit MunrMym nokymenTaimu PCT (ykassiBaetcst muaekcamu pyGpux MITK):
A01G 13/00 (2006/01), A01G 13/02 (2006.01)
5.2 I3pey XMHAKTapbiHA €HII31ITEH TYPJEri 03re TeKCepireH Kykarrama: /
Jlpyras npoBepeHHas JOKYMEHTALHs B TOH Mepe, B KaKOi OHa BKJIIOYEHA B OMCKOBBIE TOXOOPKH:
5.3 Isney GaphichiHaa KOJIIaHBLIFAH IEKTPOH/bI MOTiMeTTep Hasachkl (6asa ataybl jKoHe i31€y
TepmMuHaepi (Mymki OosraH skaraaiina)/
OneKTpoHHbIe 6a3bl JaHHBIX, HCTIOTb30BAHHBIE MPH MOUCKE (Ha3BaHHe 6a3bl M OMCKOBBIE
TEPMHHBI, €CJTH BO3MOXKHO):
KAZPATENT, EAPATIS, esp@cenet , 5]l ®UIC, PATENTSCOPE, SInosnckas BJ{
I3sney Tepmunzepi: / ITonckoBblEe TEPMUHBIL:
kiammi cosdep / YAAJICHHE® MYJIbUHPYIOM* IJIEHK® MOJHBH® JIeHT*

ECENl KYOJUTI'T/ YIOCTOBEPEHHME OTYETA

Ecen _16_6erteH Typajsi /
Hacrosumii otuer cocronT Mz 16 .
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Ministry of Agriculture of the Republic of Kazakhstan
NON-COMMERCIAL JOINT-STOCK COMPANY
«KAZAKH NATIONAL AGRARIAN UNIVERSITY»

(Kaz NAU)
IRSTI 68.85.35
UDC 635.135
No of state registration 0118PK00442
Inv. Ne
APPROVED

Vlce Rector of scxence work and

.4 or
# vec7 AP, Kurdzeka
0 2020

REPORT

ON SCIENTIFIC RESEARCH WORK
Under the budget program 217 "Development of Science", subprogram 102
«Grant financing of scientific research, priority:
«Energetics and mechanical engineering»
on the theme:

TECHNOLOGY AND MEANS FOR REMOVING MULCHING FILM AND
FLEXIBLE DRIP IRRIGATION TAPES FROM THE FIELD AFTER
HARVESTING PERIOD
(final report)

Project Investigator

Candidate of Engineering y
Sciences, Professor /579‘//7) 8 M.Zh.Khazimov

(signature, date)

Almaty 2020
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[ TpomsonuTenshocts, ra/ 01
ATperaTupyeTcs ¢ TpaKTOpaMH, Kia 014

Pava chaphas TpyGa npamoyronkHas ce-
senmen 8080w

5.3 TpeGosanis k Gesonachoct. KoHeTpyKiums miEHKo i JeHTO yG0pounoe yeTpoii-
CTBO ZIOTANHA OGCCTICHHBATS €0 Gel0NACHYI0 HKCIIYATAINIO i cooTBeTCTROBATH [OCT
122.111-85 «Ciictema cTanaapron 6e3onacoct Tpyaa. Maumisi cenbexoxomsii-
CTBcHNbC HaBccHbie W npHuenibie. OBime TpeSopanns Gesonachoct, TOCT
12.2.002-01. «E:utiLic TPBOBIHNS K KOHCTPYKIUMH TPAKTOPOR M CenbCKOXOIHCTBEH-
HBIX MALIHH 110 Ge30TACHOCTH W THTHERE TP

5.4 TpeGoaums K natenTHoil uicToTe. [Ipe/Taraemoe TeXHHYECKOE PelieHMe KOk~
CTPYKIUH AUILICHO HATEHTOM Ha IONETHYIO MOZEh.

5.5 TpeGOBAIA K COCTABHIM HACTAM NPOTYKILH, CHIPBIO, HCXOTHbIM 1 IKCTLTYATALIM-
onitan MaTepiatay. MaTephaz, i KOTOpOro GYIET WirOTORIERO YCTPOICTBO, AOTKHO
coorsercraonars,  Toceramaapram: TpyGa SOXSOxSTOCT 8639-82/ Cr31IC IOCT
10704; TpyBa 60x40x2 FOCT 8645-68/ Cr2CTI, 311C TOCT 3262; Juet b-TTH-0-4
TOCT 1990374/ BCT 3CI12 FOCT 14637-79.

5.6 Veaomns sxenayatauwnn. Ha none ne 0Ho 65T £ 1 kawieit, Texuiseckoe
oGcayMBaIE NIEHKO-1EHTO YGOPOUHOTO YCTONICTHA I0TAHO IPOBOAHTECS B COOT-
sercram ¢ FOCT 20793-86, FOCT 7751-85, a Takie Texiiseckis ONMCAHHEM H Wi~
CTpyKumeii o HKenyaTaum.

6 OCHOBHBIE TOKABATE/IM KAUECTBA BBINIOJIHEHHA TEXHOJIOIH-
YECKOTO MPOLIECCA

6.1 VeTpoficTao J0AHO GiTh CHATAEHO KOMILIEKCOM 3aNIacHbiX YacTeil, HHCTPYMEH-
TOB H PACXONHIX NPHHALIEAHOCTEIL.

6.2 ToKasate:n HasHayeis.

6.2.1 TIposBoHTeAbHOCTS (pacHeTHas) opy s 3a | 4ac YHCToll padorsi, ra - 10 1
6.2.2 PaGotas CKOPOCTS ABIKCHMHS arperara, K/ - 10 5,0.

6.2.3 Jlopoisiii NpOCBET NIpH TPAHCIIOPTHPOBKE, M, He Metiee -20.

6.2.4 KoiitiecTso 0By AHBAIOIIErD Nepconaa, 4ei. - 2 (B 1.4. | TpaKTopHer).

6.2.5 KodHiinenT HETIob30BaHHS IKCTLTYATALHONNOTO Bpenenh -0,8.

6.2.6 KoxpMLuAeNT HAIeANOCTH TeXHOOMHECKOr npotiecea - 0.9.

6.2.7 TpancnopTias cxopocts, K/, e Gonee - 15.

6.3 TpeGonanius K HaIEAHOCTH.

1 Cpok cayadu, 7et - 5.

632 Koodpmuent rotosnocth - 0,9.

6.3.3 Koxduuent Texworiornieckoro weromssosarus - 0.9.

6.3.4 KOHCTpYKIA QrperaTa 0MKMA HCKTIONATH BOIMOAHOCTH NPOH3BOTLHONO OT-
BMHMBANIS ACTANEH MPH KETAYaTALN.

6.4 TpeGoBans K TEXHOTOTHIHOCTH H METPOJIOTHYECKOMY 0GECTIEHEHMIO PaspaGoTKI
NPOMIBOICTBA H IKCILTYATALIH.
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