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ADVANCED INFORMATION TECHNOLOGIES IN PRECISION FARMING

Assoc. prof. Veselina Nedeva, PhD?, Asst. Prof. Zlatin Zlatev?, Asst. Prof. Svetoslav Atanasov®
Trakia University — Stara Zagora, Faculty of Technics and Technologies — Yambol, 38 Graf Ignatiev str., Yambol, Bulgaria

Absract: Presented in this paper is the authors’ research of the different applications of the newest information technologies in agriculture.
Provided in this article is information concerning the use and application of GPS receivers and GIS software, which are valuable for the up-
to-date agriculture. These technologies and their applications provide numerous possibilities, as for example mapping of the nature’s
resources, evaluation of the environmental impact, mapping of different soil types, etc.

The different applications of the available hardware and software, which affects the efficacy and productivity of the agricultural activities,
were analysed. Low-cost RTK-GPS receiver is represented. A technology for the data processing of the digital mapping information is

provided as well.
KEYWORDS: PRECISION FARMING, GIS, DATA PROCESSING

1. Introduction
Implementation of new information and communication
technologies in agriculture is relatively slow compared to the using
of digital technologies in other industrial sectors. Key to improving
the competitiveness of agricultural production is the spread of
information technology in this area.
Geographic information systems (GIS) are advanced information
technologies for mapping and analysis of real-world objects [8, 9].
Geo-information systems are a natural and necessary component of
information systems which stored spatial data. Such a structure have
information systems in agricultural field [1,2,6]. The main areas of
application of GIS in agriculture are increasing of agricultural
production, optimization of transport and distribution.
One of the most promising directions in agriculture is a precision
farming. It uses different types of data:

»  Results of soil samples and their geographical location;

»  Processing of remote sensing data;

» Digital thematic maps.
Development and application of precision farming methods open up
new possibilities for the management of processes in plant and
animal production through the use of modern information
technologies [5].
Some of the advanced technologies have been developed as
standard applications such as the Global Positioning System GPS
used for mapping and processing of agricultural lands and the
management of agricultural machinery.
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Figure 1. Structure of GIS

Current developments in the field of precision agriculture has
focused on building sensors by producing information about the
condition of the soil and plants grown from a distance in real time
including image processing and remote sensing [7].

Another direction of this technology is the use of digital map-
graphic information allowing operationally drawing maps for the
state of the crop at current time which are the basis for further

decision making. So we can define the areas of the field where you
need to be further imported fertilizers.

Particularly important is the information of digital maps for factors
such as:

»  Yield and type of crops;

» The type of mechanical and chemical treatment of the

soil;

»  Spatial distribution of the diseases of the crop;

»  The dynamics of the spread of harmful insects.
With this information there are real opportunities for in-depth
analysis, forecasting and optimization of the agricultural farms.
Especially important is the application of geo-information
technologies to remote sensing by aerial photographs, satellite
photos for complex thematic deciphering of the area.
Complex GIS incorporate these digital maps for mineral content in
the soil types and their characteristics, a map of the slopes with a
digital model of the terrain and exposed slopes, temperature,
climatic and hydrological conditions [3].
Particularly very important is the information of the digital map to
the sequence of factors such as type and yield of crops such as the
chemical and the chemical treatment of the soil, the spatial
distribution of the diseases of crops, and the dynamics of the
distribution of the harmful insect. With this information, there are
real opportunities for in-depth analysis, forecasting and
optimization of the agricultural farms.

2. GIS software

ArcGIS is a family of software products of new generation. They
were developed by company ESRI [12] that is recognized as a
leader in the creation and distribution of leading GIS, taking into
account the latest developments in IT and the growing demands of
multiple users. The platform is the optimal solution for the creation
of a corporate GIS, which can be a foundation for managing large-
scale organizations.

ArcGIS is built on the basis of standards in software, namely Object
Architectures COM, NET, Java, XML and SOAP. It provides
extensive support for common standards, flexibility of the proposed
solutions and opportunities for interaction. ArcGIS 9 can be used on
personal computers, servers, over the Web or in the "field."

There are many software products that are compatible with ArcGIS
through which experts solve problems of different nature. Leica
Photogrammetry Suite (LPS) works with images of various formats
derived from a wide range of sensing devices, including black and
white, color, high resolution multi-spectral capacity. This process
serves a wide range of formats, ground control data from the GPS
systems and orientations, vector data and processed images.



Definiens [11] specializes in the development of algorithms for
image analysis based on its patented Definiens Cognition Network
Technology®. It implements object-oriented methodology for
image recognition imitating human perception. It is the leading
technology in the world in today's stage according to the degree of
automation and applied finish of the result. This technology is
effective in the analysis of all types of images: black and white,
color, quality or ambiguous, simple and complex space pictures.
Definiens technology works as a link between data processing for
remote sensing and geo-information systems. Information systems
applied Knowledge base Definiens Cognition Network which is a
set of rules for the analysis of images formed by experts in
deciphering the objects. The difference between this Knowledge
base and others in this area is that the rules do not apply to
individual pixels but to a segment which allows to take into account
not only their own signs of these segments but the signs of
surrounding objects, i.e. spatial context. Because of this Knowledge
base is adaptive and an appreciation of the places the appearance of
identical objects in different environments. In Definiens Cognition
Network Technology is carried multilevel interactive process of
identification, analysis and classification of objects according to
rules that are set by the user in the Knowledge base. The resulting
objects that can be exported in vector format or transmitted in GIS,
accompanied by their attributes describing their properties, which
can later be used for spatial analysis in GIS already.

Land Desktop, Autodesk Civil Design and Autodesk Survey [10]
are a family of systems for experts in designing and maintaining
infrastructure, planning and management areas, surveyors and
others. Autodesk Land Desktop that is created on the AutoCAD
2004 and Autodesk Map provides specialized resources for
infrastructure design as COGO and mapping, terrain modeling,
trails, and lots more. It is characterized by flexible interface and
tools for organization and centralized data management in a project.

It extends the capabilities of Autodesk Map with specific
functionality for activities related to land. It includes powerful and
intuitive tools to create and mark points of geodetic measurements
to define and edit parcels and locations of roads, to automate the
procedure for plotting to create terrain models and to calculate
volumes and surfaces.

3. Applications of GPS units

GPS systems are used to track in real time workflow machinery,
tractors and combine harvesters. Besides monitoring the positioning
system is also used for:

»  Control of tanks and bunkers;

»  Control level and fuel consumption;

»  Ability to send SMS-s configured with different criteria:
minimum level of reservoir, maximum level of bunker,
hour meter, and others;

» To perform remote diagnostics of the machine (for
machines with on-board computer and CAN);

» Ability to connect additional equipment: mini video
cameras to capture certain moments at the machine and
sending it to the PC.

Field testing of the system for mapping is carried out according to
the requirements of hardware and software. They are listed in Table
1[4].

Measurements were made of arable land in the village Boyanovo,
Region of Yambol.

Observed agricultural areas are characterized by heterogeneity in
their application: pastures, uncultivated arable land which in turn
offers different soil conditions, different vegetation and inconsistent
relief. This area offers a variety of appropriate banking conditions
to test the functionality of the hardware and software of the GPS.
Mobility: Unlike the widespread PDA, tablets and mobile phones
devices for field measurements with GPS functionality requires
protection by the hull and have to be comfortable to bring in the
field and with good design that allows operation by one hand.
Reliability in operation: Field measurement devices can be built
based on PC architecture or to be of type PDA. The advantage of
the PC based GPS devices consists in fact they can store larger files
and well visualize satellite images and bitmap maps. Unlike PC-
based GPS systems the others +-based on a PDA have some
drawbacks - their processors are less scrolling and opening the
images takes a few minutes, the little screen monitor allows only
certain parts of the image.

Operating System: The software used Arc Pad works well on
Windows XP and Pocket PC / Windows CE platform, which is the
advantage of this software/.

Functionality: Arc Pad software is a basic mapping and requires
some settings before starting work. For full preparation and
processing project created with this software are necessary
additional resources included in the package ArcGIS Desktop. From
this perspective Arc Pad is software application directly. For
advanced users and Arc GIS Arc Pad allows high settings. Arc Pad
provides creating points, polylines and polygons using drafting
tools or software with GPS.

The tops of the lines and polygons can be set one by one or
continuously using the GPS features of the device. Software to
create maps allows editing cards directly in the field.

Project settings: This is an important element of fieldwork mapping.
Arc Pad requires the prior establishment of the main elements of the
project in ArcGIS. All necessary files for the project are transferred
to the GPS device. After completion of field measurements data
have to be sent back into Arc GIS for processing and analysis. This
method has some drawbacks such as overwriting the old files on the
new ones.
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Figure .2. Agricultural areas recorded with ArcPad



Figure 3. Satellite image of farmland
enrolled in Google Earth [13]

File format compatibility: ESRI Shape files are the only vector
format that is supported by ArcPad. These file formats that are not
supported should be converted to the specified format. There are
supported formats JPG, Mr SID, BMP, and CADRG as a part of
raster formats. ArcGIS supports functions of converting the files
before the files will be transferred to the GPS device.

Reliable performance: During the field test ArcPad works well but
in some cases there are tendency to “crash." This problem occurs
due to the limited memory of a PDA-based GPS mechanism. It is
necessary to reset the device and therefore the data should be saved
more frequently in such situation.

Table 1: Criteria for selection of GPS system for field

measurements
GPS system for field measurements
Hardware Software
Mobility Operating system
. Main functions for
Screen size -
. mapping
1% Fun?t'o' Off-line u on-line
é Storage nality functions for
o mapping
5+
o
g 2
= Processor and = Fault tolerance and
<
2 RAM 'fE easy to learn
[ S
Ergonomics Project setup
i- Fail formats
Ruggedness C(E)r_r;_[iatl
2 ity File transfer
= ) Stability
= Average time to o Backward
o failure Reliability compatibility
Maintenance

Another approach is to use low cost RTK-GPS receivers (e.g.,
u-blox NEO-6P) for precise dot placement with the help of
Internet RTKLIB corrections.

Characteristics of the RTK-GPS (GSP with kinematics in real

time):

» High-precision positioning technology with centimeter
precision (100-fold more accurate in comparison with
conventional GPS positioning);

» Use the measurement of the phase of the carrier wave
signal instead of the information content of the signal,
relying on only one reference station in making
adjustments in real time, which achieves very high
accuracy;

» Need wireless communication link between the antenna
and the base station.

Characteristics of RTKLIB:

» RTKLIB programming package open source RTK-GPS.
It contains portable application library and several
application programs using the library;

»  Distributed under license GPLv3;

» Portable C library + some applications positioning:
consumer graphical interface and Windows console
application under Linux.

Features of the module u-blox NEO-6P GPS:

»  Low cost (approx. 140 euros);

Receiver 50 channels, L1 frequency, C / A code;

SBAS: WAAS, EGNOS, MSAS;

Precise point positioning algorithm for static and slow-
moving objects (reaches full accuracy in just a few
minutes work, unconstrained communication).

Y V V

Figure 4. u-blox NEO-6P

4. Application of digital image processing in precision
agriculture

Identification of objects and the description of their symptoms is an
important part of the application of digital image processing in
precision agriculture. The analysis of the images includes:

» Extracting information on the spatial distribution of
cultivated plants;

» Performance of experimental measurements for
determining the amount of herbicide that can be used
against weeds;

» ldentification of the local distribution of plants and their
morphology.

An important difference between the preparation of images for field
crops and pastures is that when pastures are unnecessary high-
resolution images. ldentification of pastures can be performed by
texture features of images.



Thanks to digital imaging analysis of weeds in arable land can be
done several times before and after harvest. Photos do not permit
precise identification of individual plants, but clearly present
weeded large areas.

5. Conclusion

Based on the study of the application of the most advanced
information technologies in agriculture is considered the use and
application of GPS and GIS technologies that are valuable in
modern agriculture. These technologies and their application reveal
many possibilities for use as a mapping of natural resources;
evaluate the impact of environment mapping soil types and more.
GIS can be considered as a concept for reducing errors in decision-
making due to seasonal changes in the characteristics of soils.
Technology development in agriculture is mainly due to technical
innovation and profits obtained in their application.
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APPLICATIONS OF A LASER SCANNER IN CROP PRODUCTION

Dr. Ehlert D. !, Dipl.-Ing. Heisig M. *
Leibniz Institute for Agricultural Engineering, Potsdam, Germany

Abstract: New laser rangefinder scanners were developed specifically for drivers’ assistance and autonomous guiding in road vehicles.
These sensor systems were tested in the past years regarding the potential for agricultural engineering purposes. In a first part of the paper
a 2D laser rangefinder scanner was tested for detecting round bales on a harvested field from winter rye. In a second part the laser scanner
was used for modelling crop stands and measuring crop biomass in winter wheat (R*=0.96) and maize (R?=0.95). In a third part, it was
demonstrated that the height of the reflection point increased in a considerable manner depending on the detecting angle of the laser beam;
resulting in an overestimation of crop height respectively of crop biomass.

Keywords: LASER SCANNER, MEASUREMENTS, OBJECT POSITIONING, CROP STAND MODELLING, CROP BIOMASS, ERROR SOURCES

1. Introduction

For industrial purposes and remote sensing, laser rangefinder
scanners are wide established already, whereas the potential of laser
rangefinders for agricultural applications was presented in first
publications. In the sector of agricultural machinery, laser
rangefinders are installed onto a few market available combine
harvesters. The company CLAAS offers the "Laserpilot” for the
Lexion series to detect the edge of crop stands for auto-guidance.
This results in optimum cutting width and threshing performance. A
similar solution "SmartSteer" can be found on CX combine
harvesters from CASE-NEW HOLLAND. However, these laser
rangefinder sensors are not able to detect specific crop stand
parameters like crop biomass and swath volume for controlled
ground speed and obstacles to avoid crashes. Today's market
available laser rangefinders are very different in prices and
performance parameters. Simple laser rangefinders cost less than
1000 € and airborne high end laser scanner systems are about up to
1000000 €.

There are potential detection objects in agriculture which can
be used for supporting production processes in crop production

(Fig. 1).
) ‘ Use in crop production ‘

Detection objects
= Site specific crop management

- Crop height
(fertilizing, crop protection)

- Coverage level
= Yield mapping

- Crop biomass
= Optimisation of parameters

. |
in harvest machinery
- Crop stand edges (ground speed)

Fig. 1 Detection objects and their use in crop production

- Swath volume

Crop height, leaf cover, and biomass are important parameters for
the assessment of crop stands. Based on these parameters, expected
crop yields can be appraised and the amount of fertilisers and
pesticides for site-specific crop management can be optimised.
Moreover, during harvesting, process parameters on combine-as
ground speed or the rotation speed of functional units (rasp-bar
cylinder, cutter head)-can be adapted to crop conditions.
Furthermore, autonomous guidance of agricultural machinery along
tramlines and crop edges are of great interest to increase the
machinery performance and to reduce the workload for the driver
(auto guidance). For gathering these parameters, suitable sensors are
needed with high robustness and at low cost. In the recent years,
first research was carried out to investigate the potential of laser
rangefinders for vehicle based measuring of physical properties in
crop stands (Thésink et al. 2004, Ehsani & Lang, 2002, Hosoi &
Omasa, 2009, Kaizu & Noguchi, 2009, Saeys et al., 2009, Dworak

et al, 2011). The objective of the paper was to demonstrate the
suitability of a 2D laser scanner (Fig. 2) for detection of round
bales, for measuring crop biomass and its specific measuring
features.

Fig. 2 Laser scanner ibeo ALASCA XT.

Table 1: Technical data of laser scanner ibeo-ALASCA XT
(Time-of-flight-principle)

- Measuring range .......c.eoeveeiuiiie e e 0.3-200 m
-Wave length ... 905 nm

- SCan freqUENCY .....vevee e 12,5Hz
- Angle resolution ..............cccvinenn. 0.125°/0.25°/0.5°

SVORAGE o 12-15V -
- Power requirement .........ccoiiiii i 20w

- Safety Class «.vvvevirie i 1
- Length/height/width ...................... 204/215/377 mm

S IMIBSS ca. 3.0 kg

2 Methods and Materials

2.1 Detection of round bales

Based on own experiences and on analysis of market available laser
rangefinders, a laser scanner—developed for automobile driver
assistance (ibeo-ALASCA XT, Automobile Sensor GmbH,
Hamburg, Germany)-was chosen. In summer 2009, the laser
scanner was mounted on a mast in front of a tractor (Fastrac) for
scanning round bales (diameter 1.55 m, width 1.25 m) on a
harvested field from winter rye (Ehlert et al. 2010). For positioning,
a DGPS-antenna (Trimble AgGPS 132 receiver with Omnistar VBS
correction service; position accuracy about 1 m) was installed on
the roof of the tractor (Fig. 3). While tests, the tractor was moved
with a ground speed of about 2.8 ms™ between the bales at different
courses. In our investigations the sensor worked with a rotation
frequency of 12.5 Hz.



| Tractorroof —_

Fig. 3 Test arrangement for bale scanning

2.2 Measurement of crop stands

Mounting the laser scanner on a vehicle, the measured range I
depends on the height of the laser scanner hg above the ground and
the inclination angle ¢ of the sensor (Fig. 4). The measured range Ir
is not suitable to describe crop stands in a plausible manner.

Movement of the sensor

Laser range finder

TN AR

Fig. 4 Measuring principle and parameters for calculation of
reflection height (hg).

Therefore, the mean height of reflection point hg was calculated to
improve the interpretation of results. From measured reflection
distances and the adjusted inclination angle of the laser scanner, the
reflection height for each reflection point was calculated according
formulae:

hR = hs— IR COS ¢ (1)

where, hg - height of reflection point,
hs - height of the laser scanner
Iz - measured range, ¢ - inclination angle of the sensor

For measuring crop biomass in winter wheat and maize, the
basic vehicle was positioned beside plots with varying crop biomass
in the field. After scanning the individual plots, the biomass was
harvested and weighted with a scale. Taking into account the
harvested area, the specific crop biomass in kg m?2 or tha (crop
biomass density) was calculated. In a second run, the harvested area
with the stubbles was scanned for calculation of the reduction of
mean reflection height. In a last step, the crop biomass harvested
and the reduction of mean reflection height was used for calculation
of the quality of the functional relation between both parameters.

2.3. Measuring behaviour of a laser scanner

In investigations performed under field conditions, it was
recognized that the height of the reflection point for crop stand
assessment depends on the beam parameters, reflection distance,
and detecting angle of the sensor. It was observed that increased
resulting angles o cause an increased mean height of the reflection
points (Ehlert et al., 2013). This phenomenon indicates that farther
crop plants generate higher reflection points, thereby resulting in an

overestimation of the crop biomass. For crop sensing on agricultural

machinery, this measuring behavior would be a relevant problem,

e.g., in the variable rate application of agro-chemicals and process-

optimized forage harvesters and combine harvesters.

In face of these unsolved problems, the objectives were as follows:

- To investigate the measuring properties of a chosen laser scanner
depending on the inclination angle ¢ and scanning angle v in crop
stands.

- To analyze the error sources for vehicle-based laser scanner
measurements in these crop stands.

In June 10, 2009, the scanner was tested along a plane transect

(tramline) with a length of approximately 700 m in a field with

winter rye (BBCH 85). Taking into account the arrangement on

agricultural machinery, a specific mast construction was performed

(Fig. 5).

Laser scanner

Laser beam

Fig. 5 Test arrangement in the winter wheat field

The sensor inclination angles were ¢ = 0°, 10°, 20°, 30°, 40°,
50°, 60°, 70°, and 80°. The sensor was attached in a middle position
of the tractor in a height of Zg=3.29 m, and the ground speed was
approximately 2.6 ms™. To avoid other error sources resulting from
mounting the sensor not precisely and due to asymmetric crop
growth, the transect was passed in both directions.

In the test, a Differential Global Positioning System (DGPS)
(Trimble AG132 [Trimble Navigation Limited, Sunnyvale,
California, USA] with reference signal OmniSTAR VBS Germany;
accuracy 1 m) was used for positioning.

The lag of the scanned area in relation to the DGPS antenna of
the tractor, which resulted from different inclination angles @, was
compensated by a specific transformation program for coordinates
produced in MatLab R2011b (The MathWorks, Inc., Natick,
Massachusetts, USA).

Parameters (Fig. 6) of the transformation program were: The
inclination angle ¢, the scanning angle vy, the measured range I, the
height of the scanner above the ground Zs, the scanning frequency,
the DGPS position, the update rate of the DGPS position, the offset
between the GPS-antenna and the laser scanner, and the ground
speed of the tractor.

During driving the tractor makes pitching, rolling, and yawing
movements around a zero position. Related on short measuring
times and ways, resulting errors can be relevant. Because the path
length was 700 m for every inclination angle, the calculated
tendencies are based on a long measuring time with millions of
single points.
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Fig. 6 Space geometry of the laser beam

3. Results
3.1. Detection of round bales

The assessment of position accuracy was based on 49 bales
(Fig. 7). The laser scanner achieved different results in detecting;
ranged from O up to 267 hits per bale.
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Fig. 7. Map of calculated hit points and course of the tractor

To assess the variance of hit points for each single bale, the
definition of a bale related reference point was necessary. A first
option was the calculation of the mean values for geographic x and
y coordinates of the hit points for each bale; a second the median. A
third option was to take into account the maximum and minimum
value for bale coordinates for all single bales. The addition of
maximum and minimum value divided by 2 resulted in a "space
related midpoint (SRM)". As an example, the three options are
presented in Fig. 8.

Taking into account the advantages and disadvantages of each
option, the SRM method was chosen for further accuracy
assessment. The mean value of distance difference between hit
point positions on bale surface and SRM reference point was round
about 1 m and the standard error was about 0.5 m. Taking into
account that a bale has a geometric dimension of 1.55 mx 1.25 m, a
sufficient accuracy of positioning can be stated for the method used.

All together, it was shown that the combination of DGPS
position of an antenna on a basic vehicle and laser rangefinder
readings can be used for generation of distribution maps for objects
on agricultural areas (Fig. 7) The mean difference of hit points from
round bales was about 1 m and the standard deviation 0.5 m. With
that positioning accuracy the presented method is sufficient for
object detection in agriculture. Gathered positions of objects could
be used, e.g. for transport optimization to remove the bales.
Furthermore, the object detection and monitoring could be used on
sensitive areas, on areas with a high danger potential or on non
agricultural areas. Further investigations are necessary to assess the
whole potential of laser supported object detection in agriculture
regarding kind of detection objects, type of laser scanner, mounting
height on basic vehicle and inclination angle of the scanners.
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Fig. 8 Example for hit points on a round bale and demonstration
and three variants of reference points

3.2 Measurement of crop stands
- Modelling of crop stands

Fig. 9 demonstrates a small part of a plot with maize while
harvesting with forage harvesters. Clearly the not yet harvested
maize stand, the stubbles and also the row structure are reflected.
Furthermore, the model demonstrates quantitatively the height of
reflection points for assessment of the crop stand. Taking into
account such information, a map for dimension of crop stand (yield
map) can be generated. This information could be used also for
ground speed control of a forage harvester in real time for
optimization of harvested area. That means: in field zones with high
biomass density the forage harvester could reduce the ground speed
and in zones with sparse vegetation the ground speed could be
increased automatically. This automatic ground speed adaption
would result in a better productivity of the harvester. The same
effects can be expected for combine harvesters.

—
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Fig. 9 Modeled crop stand from maize

- Calculation of crop biomass

The calculations for functional relation between crop biomass are
characterized from high coefficients of determination R?=0.96 in
winter wheat and R?=0.95 in maize (Fig. 10). Both functions have a
progressive shape. This means that the biomass detection is more
sensitive in early grow stages respectively for less biomass density.
The opportunity of laser based estimation of crop biomass from
mean reflection height can be also used-like modelling—for real
time ground speed control of forage and combine harvesters.
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3.3 Measuring behaviour of the laser scanner

In test series in 2009, the readings of a strip fromy==+ (2 -
5)m (strip length Om<x<700m) were employed by post
processing software to determine how the reflection height depends
on the inclination angle ¢ and the scanning angle y in the winter rye.
The readings of the strip y = + (0 - 2) m were not taken into account
because the tramlines would affect the assessment in an undue
manner. The calculated reflection heights for single points in the
strip y = + (2 - 5) m are shown in Fig. 6. For each inclination angle
all calculated heights of reflection points in the two strips of 3 m x
700 m are plotted (independent of the path position).

Reflection height Z, ( cm )

T . 30
5 ~ 20
0., o A0

Fig. 11 Calculated height of reflection points in winter rye for
different inclination angles. (Strip size: 2 x [3 m x 700 m])

Based on 4,792,655 readings shown in Fig. 11, a square
regression (2) was calculated to demonstrate the basic trends of the
reflection height Zg depending on ¢ and v.

The obtained fitting was:

Zr=27.92+176-¢+41.88 - ¢p*-3.52-y+35.10-
(R?=0.634)
(Zg incm; ¢ and y in rad)

@

To support the interpretation of equation (2), the result is also
drawn as a 3-D representation (Fig. 12). According to Fig. 12, the
reflection height increased significantly depending on the
inclination angle ¢ and the scanning angle y. There is a clear trend
for higher inclination and scanning angles causing an increased
mean height of the reflection points that apparently indicates more
grown crop biomass.

10

Reflection height Z, (em )

Fig. 12 Reflection height Zg depending on inclination angle ¢ and
scanning angle y in winter rye.

4. Conclusions

It was shown that 2D laser scanners can be used in crop
production for object detection, for modelling crop stands, and for
efficient vehicle based estimating of crop biomass. Though, error
sources should taken into account, e.g., that the readings depend on
parameters like detection angle, distance, and beam divergence. It
was demonstrated that the overestimation is low for small detection
angles and high for increasing angles. Therefore, it can be
concluded that for practical use of laser scanners on agricultural
machinery high detection angles would be not useful. Furthermore,
this conclusion is in accordance with the insight that the problem is
increased by movements of the basic vehicle (pitching, rolling, and
yawing) which would heighten the inaccuracies additionally.
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RESEARCH RESULTS OF ADDITIONAL TRANSPORT DEVICE FOR THE ORDERLY
PLACEMENT OF PRESSED BALES ON THE FIELD

PE3VYJIbTATDI I/ICCHEI[OBAHI/H? JIOHOJIHUTEJIBHOI'O TPAHCIIOPTHOI'O YCTPOMCTBA JUJIA
YIHOPAJOYEHHOU YKIIAAKHU ITPECCOBAHHBIX THOKOB HA I10JIE
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An analysis the process of harvesting the field of large square bales of plant feed at different traffic pattern loading and transport units. We
propose a constructive-technological scheme of additional transport unit for an orderly stacking of bales on the field surface in neat rows
across the trajectory of the baler. The calculations of power requirement to drive the baler equipped with an additional transport unit. A
technique for determining the area of compacted surface of the field propulsion units for different schemes of traffic during harvesting bales.
Calculated the reduction in size of compacted surface of the field at harvest bales of flat series obtained from the use of additional transport
unit. The results of energy research and technological performance of his work.

KEYWORDS: PRESSED FEED, SQUARE BALES, LOADING BALES, TRANSPORTING BALES, ADDITIONAL TRANSPORT UNIT,
POWER, PERFORMANCE, SOIL COMPACTION, TRACTIVE RESISTANCE.

1. BBenenue

B Hacrosimee Bpemsi, 61arogaps COBpPEMEHHBIM BO3MOMXHOCTSM
TEXHUKH OOBEMHCTBIE PAaCTUTENIbHbIE KOpMa 3((EKTHBHEE BCEro
3aroTaBINBaTh HPECCOBAaHUEM B KpyImHOrabapUTHbIE
HPSMOYTOJIbHbIE W DYJIOHHBIE TIOKH. IIpeccoBaHHBIE KOpMa
o0JlajaloT WEeNBIM pSAAOM HPEHMYIIECTB II€PeA  PACCHITHBIMH,
OJTHAKO CYIIECTBYIOT CJIOXKHOCTH, CBSI3aHHBIE C UX IIOTPY3KOH U
BBEIBO3KOH H3-32 CTOXaCTHYECKOTO PACIIONIOKEHHS! TIOKOB Ha ITOJIE.
OTO NPUBOAMT K 3aJepkKKe MNOCIEAYIONIMX IIOJNIEBBIX paboT Hu
HaryOHOMY BJIMSIHHIO OCA/IKOB Ha KaueCTBO KOPMOB.

PaccmoTpeB mpumeHsiemble COCOObI YOOPKH TIOKOB C IIOJIS
BHJHO, YTO CXEMa HX IOIPY3KH BJIOJIb TPACKTOPHU [BHKCHHS
npecc-noA0opIIHKa HPUBOJUT K JUTMTEIbHBIM
HEIIPOU3BOUTEIBHBIM IIepee3/iaM IOrpy3dnka M TPaHCHOPTHBIX
cpencts. [lorpyska mo kparyaiimemy myTu (HOHEpeK TPacKTOPHUU
JIBIDKCHUS npecc-roadopIInKa) 3HAYUTEIILHO COKpalaer
HENIPOM3BOJUTENBHBIC IIepee3/bl, HO CBs3aHa CO CIOXHBIM
MaHEBPHUPOBAHHEM IOTPY34HKa U TPAHCIIOPTHBIX CPENICTB, U TaK XkKe
He 00ecrieunBaeT BHICOKOM MPOM3BOAUTENBHOCTH ((ur. 1).

S T, xoaa

BA. Xofa

St

- TPaeKTopWs ABWKEHUSA Npecc-noadopLymnka
- TPAEKTOPWA NOrpy34rKa W TPAHCNOPTHOIO CPEACTBa

®durypa 1. Tpaekropuu ABHKEHUS IOTPY309HO-TPAHCIIOPTHBIX
CpPE/CTB pH yOOPKE TIOKOB

2. PemieHue paccMaTpuBaemMoii mpooJieMbl

C Lenbl0 COKpAaIleHHs HENPOU3BOAUTENbHBIX IEPee3]oB U
TIOBBIIICHHST TIPOM3BOAUTENBFHOCTH arperaroB IIPH  3arOTOBKE
KOPMOB pa3pab0TaHO JOMONHHUTEIBHOE TPAHCIOPTHOE YCTPOHCTBO
JUISL YTIOPSIIOYEHHON YKIIAJIKH KPYITHOTa0apUTHBIX NPSMOYTONBHBIX
TIokoB (¢wur. 2) [1]. YcrpolicTBo paboTaer ciexyromuM oOpa3oM.
ITocne popMupoBaHuUs B MPecc-MOOOPLINKE TIOK JBHXKETCS 110
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HAMpAaBJIAIOIIUM 5 10 KOHTAKTHOI'O JaT4uKa 7, KOTOPBIM MOChLIAeT
CUTHAJI Ha Pa30JIOKMPOBAHHE HAIPABIISIONIUX 5, MOCJIE ATOTO IOJ
JIEMCTBHEM CUJIBI TSKECTU TIOK MOMAJaeT Ha BBITPY3HOM JIOTOK 4, a
HanpaBJiloOIKe 5 MmoJ JeiicTBUeM INpyXHH 6 BO3BpalllalOTCA B
HCXOJIHOE TOJIOKCHHE U  (GUKCHPYIOTCS DJIEKTpO3aMKaMu 8.
Crnepyromuii  TIOK  aHAJIOTHMYHO  TEPBOMY  JABIDKETCS  TI0
HaIIPABJAIOLIUM 5 10 KOHTAKTHOTO AaT4yuka 7. B 3T0 Bpems nepsblit

TIOK TPaHCIIOPTHUPYETCS Ha HEOOXOAMMOE pacCTOSHUE UL
yIopsIoYeHHOH yKnaaku (¢wur. 3).
2 3 8 5 7

Ourypa 2. JIONOIHUTEIBPHOE TPAHCIOPTHOE YCTpoWcTBO: 1 —
caMOYCTaHaBJIUBAIOIUeCs Kojeca; 2 — cUeNka; 3 — MpHEMHbII
JIOTOK; 4 — BBITPY3HOM JIOTOK 5 — Hampasisitomue; 6 — BO3BpPAaTHBIC
NPY>KUHBI;, 7/ — KOHTAKTHBIN JaTYMK; 8 — 3JIEKTPO3aMOK.

IIpumeHeHne NaHHOTO TPAHCIOPTHOTO YCTPOMCTBA MO3BOJISET
YKJIaJ(bIBaTh TIOKH B POBHBIE PAIbI MONEPEK TPACKTOPUU ABMKEHHUS
npecc-iogoopmka (¢ur. 4) Ha pPacCTOSHHM pPAaBHOM IIUpPHHE
3axBaTa MAIIMHBI U1 00pa30BaHUs BajKa WIN CABAaMBaTh TIOKH B
HECBS3aHHBIC MAKOBKM Ha II0Jie. OTO 3HAYUTEIBHO COKPATHT
HETIPOM3BOJUTENIBHEIE  TIepee3fbl  HOIrPY30YHO-TPAHCIIOPTHBIX
arperaroB, YIPOCTUT CXEMBI X JIBH)KCHHS U B3aUMOJeHcTBU [2].

B cmydae ecan MexaHHM3aTOp HE MPOU3BOJWT MPUHYIUTEIBHYIO
BBITPY3KY TIOKa, BTOPOH TIOK yKJIaIbIBA€TCsl Ha MEPBBIN, M OHU 00a
BEITPYXKAIOTCS. HA  TOBEPXHOCTh  MOJSA, T.6.  IHPOHCXOIHUT
ABTOMAaTHYECKOE C/IBAaMBaHNE TIOKOB (¢wur. 5).



®urypa 3. YCTpoiCTBO IS YIIOPSIOYEHHOM YKIIAJKH TIOKOB B
pabote

®urypa 4. Yknaznka TIOKOB B POBHEIE PSIIBI ITONIEPEK TPACKTOPHU
JBIDKCHHUS Tpecc-TI0A00PIINKA

®durypa 5. ABToMaTHUYecKas yKiIaJka CIBOCHHOTO TIOKA Ha OJIe

3. Pe3yabTaThl M AHCKYCCUS
C LCJIBI0 MNOJIYUCHUS 3KCHJ'IyaTaI_II/IOHHO'TCXHOHOFHHCCKOﬁ u

9HEPreTUYECKOl OLEHKH, a TaKkkKe YTOYHEHHS HEKOTOPBIX
apamMeTpoB  JOMOJHHUTEIPHOTO  TPAHCIOPTHOTO  yCTPOWCTBA
IIPOBOJHIIIChH Tab0paTOPHO-IIONIEBBIE HCCIIeJOBAHHS.

VcenenoBaHusi MpOXOJMIIM HA 3arOTOBKE TIOKOB M3 COJIOMBI IPOCa,
copmupoBanHbix npecc-nogdopiunkomM CLAAS «Quadrant 1150».
BiiaxHOCTB BEpXHEro cJosi TouBkl coctaBmia 17,4%, Mukpopesnbed
CpE/IHEBBIPAKCHHBIN, BbicoTa cTepHu — 15,7 cm [3]. B wmenom
OIBITHOE YCTPOMCTBO [UISL  YHOPSIOYEHHOHW YKJIaAKH TIOKOB
YCTOWYMBO BBIMOJHSIO TEXHOJIOTHYeCKHil mnporecc. Ilpu 3toM
MPOU3BOJUTEILHOCTh ~ MMOTPY3YMKa IIPH  YKI4JKe TIOKOB B
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TPAHCIIOPTHOE CPEeNCTBO yBenuuuBanack Ha 20...25% B cpaBHEHUH
C TpamuuuoHHBIM  cnocobom  yOopku [3].  Texuuueckas
XapaKTEePUCTUKA OIBITHOrO 00pasla TPaHCIOPTHOIO YCTPOWCTBA
npeacTaBieHa B Tabmmie 1.

Tabnuma 1- TexHUYeCKas XapaKTEPHUCTHKA JOTIOIHATEIHHOTO

TPaHCIIOPTHOIO YCTPOHCTBA
HokxaszaTedds 3HaYCHHE MOKa3aTels
Tun yctpoiicrsa IIpunennoe
Arperatupyercs Tpaxkropa ki1acca
(TATOBBII KJTacC TPaKTopa) 2-3
YupapneHue pabourMHU OpraHaMHu
o AEKTPO-MEXaHUIECKOe

yCTpoOiicTBa
Komnuuectso
00CITy>KUBAIOIIET
0 IepCcoHaJa, Yell. 1
ITpou3BOUTENBHOCTD YKIIAKA
TIOKOB B 4YaC OCHOBHOTO
BPEMEHH, T: 2,5-45
Pabouast ckopocTb, KM/4 o 20
TpaHcTOpTHAs CKOPOCTh, KM/4 Ilo 40
I'abapurtHble pazmepst
TPaHCIIOPTUPYEMBIX TIOKOB, MM:

- AUIMHa 1000-2000

- UpHUHA 800-900

- BBICOTA 500-600
KonunuectBo ogHOBpEeMEHHO
TPaHCIOPTUPYEMBIX TIOKOB, IIT 1-2
MakcumaibHas Macca
TPAHCIOPTUPYEMBIX TIOKOB, KI' 400
Bpewmst BBITpY3KH TIOKA, C He 6oee 2-3
Macca MaIuHsl, Kr:

- KOHCTPYKTHUBHAs 300£30
- IKCIUTyaTallMOHHAS 700+£30

I'abapurtHble pazmepst
YCTpOICTBa, MM:

- JUTMHA 3000

- LIMpUHA 1350

- BBICOTA 1550
JIopO>KHBIi TPOCBET, MM He menee 300

IIpu  pabGore mpecc-mogbopmmuka ¢  JONOJIHUTENHHBIM

TPAHCIIOPTHBIM YCTPOICTBOM YBEIHYHBACTCS HArpy3ka Ha KpIOKeE
TPAKTOpa, a CIIeOBATebHO MOIIHOCTh Ha MepeBIKEHUE arperara
M MOWIHOCTH 1t (HOPMHPOBaHMS  TIOKOB.  Pe3ysbTaThbl
HCCIIe0OBaHMsI pabovero pekuMma ABIKCHHS arperara 1o CTepHe
mokaszanel Tpaduueckd (pur. 6), a pe3ynbTaThl BIMSHHS
JOTIOJTHUTEIBHOTO TPaHCIOPTHOTO ycTpoiicTBa Ha
[IPOM3BOUTENBHOCTh TOTPY3KH TIOKOB IPUBEACHBI Ha rpaduke

(ur. 7) [4].
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®urypa 6. 3aBHCHMOCTB TOTPEOHON MOITHOCTH arperara ot
YKJIOHa MECTHOCTH

AHanu3 MOMy4eHHBIX Pe3yIbTaTOB MOKa3bIBAET, YTO MOLIHOCTh
Ha IepeMelleHUe TPAaHCIIOPTHOTO YCTPOMCTBA C TMOJIHOM 3arpy3Koi
0T U3MeHeHHs ykioHa MecTHocTH ¢ 0 1o 10% yBenunuuaercs Ha 0,7
kBt m cocraBmser 0,6...1,2% oOT oOmeid MOIIHOCTH Ha MPUBOJ
arperata, 4ro He 3HAYUTENBHO OTPa3UTCs Ha €ro TEXHUKO-
SKOHOMHMYECKHX ITOKa3aTeNsiX. Y AeNbHbIe HEepro3aTparsl Ipolecca
YIOPAJOYEHHOH YKIaIKu cOCTaBIAIOT oT 24,41 no 27,86 kBr.u/T, a
U3MEHEHHE yKIOHAa MECTHOCTHU NIPUBOJMT K MX yBEJIMUECHUIO Ha 14%
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®durypa 7. 3aBUCUMOCTH TPOU3BOJUTEIILHOCTH HOTPY3KH OT
PAcCTOSHUS MEXIY TIOKAMH

HccnenoBanne BIMSHHS pAcCTOSHHS MEXIY TIOKAMH IIpH
YIOPSIOYEHHOH yKIaJKe Ha TPOU3BOAUTENHEHOCTh ITOTPY3KH
MOKa3aJI0, YTO HauOOJIBIIAsk IPOM3BOANUTENFHOCTS JOCTHTAETCS MIPH
paccrosiauu 10...13 M. Ilpu paccrossHuu Mexay Tokamu MeHee 10
M COKpaIlIeHHe TPOU3BOIUTENILHOCTH TOTPY3KH MPOUCXOINUT 3a CUET
COBEpIICHUS]  MOBTOPHBIX MAaHEBPOB  MOTPY3UHKa, KOTOpBIE
BBITIOJIHSIIOTCSI B CTECHEHHBIX YCIOBHSAX Ha HHU3KHX CKOPOCTSIX
JBIDKEHMS, a TIPH YBEIMYCHUH PACCTOSHHUS MEXIy TIOKaMu Ooiee
13 M Tpebyercs OoJble BpeMEHH Ha Iiepee3] IMOTpy3duKa K TIOKY,
YTO TaK e BeIeT K CHI)KCHHUIO ITPOU3BOIUTEIIBHOCTH.

Ilo pmammbiM Poccuiicknx ® 3apyOeXHBIX HCCIeIOBaTENCH
OoJbIIOe yJIETBHOE JaBIEHHE JBIDKHUTENCH KOJICCHBIX TPAaKTOPOB
OKa3blBaeT BpPEJHOE BO3JCHCTBME Ha NOYBYy. B pesynbraTte
MPOUCXOAUT YIUIOTHEHHE IIOYBBI, IIOTEPS TYMYCOBOTO CIOS H
MHUTATENBHBIX AJIEMEHTOB, 3PO3Hs, H3MEHEHNE (DU3UKO-XUMHIECKIX
U BOAHO-(pM3MUECKHMX CBOMCTB MOYBBI, BEAYIIHE K CHIDKCHHIO €€
3¢ (GEKTHBHOTO U MOTECHIMAIBLHOTO TIOA0POIHSL.

IInomanp ynaoTHEHHO! MOBEPXHOCTU NpPH MOTpy3Ke KOPMOB C
HOJIsI BO MHOTOM 3aBUCHUT OT PacCTOSHUS, KOTOPOE IPEO0JIEBAIOT
HOIPY3YUK U TPAHCIIOPTHOE CPEACTBO AJLS OTPY3KH THOKA.
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Anamu3 rpaduka (¢ur. 8) mo3Bosser ckazarh, YTO ILUIOLIAb
YIUIOTHEHHOH IOBEPXHOCTH IOJIS TIPU JBUXKEHHHU BIOJb TPACKTOPUH
JBIKEHHS TIPEcc-ToaGopItiKa cocTaBuT Gomee 2000 m” Ha 1 ra, a
TIpH JBIKEHHUH Tomepek — 6onee 1000 M Ha 1 ra. Yuursisas, uto
paccTosiHIe MEXIy TIOKaMH MoxeT fnocturats 130 M, To peanbHas
IUTONIAb YIUIOTHEHHOM OBEPXHOCTH OIS MOXKET COCTAaBHUTH Ooiee
3000 M2

IIpn ynopsimoueHHOH yKIaaKe TIOKOB U JBHKEHHH ITOTPY309HO-
TPAHCIIOPTHBIX arperaTroB IONEPEK Xoja Ipecc-MoAOOpIIMKa I10
OpraHU30BaHHbBIM TPAeKTOPHUSIM IoIIa b YIUIOTHEHHOI
H(Z)BerHOCTI/I nonst cokpatutes Ha 43...76% u He mpeBsicut 1000
M° Ha 1 ra.

3000

2500

nnowanb YNJI0OTHEHHON NOBEPXHOCTH

2000

Ayn, M2

1500

d

1000

/

500

0 10 20 30 40 50 60 70 80 920 100

paccTosiHUA Mexay Tiokamm S1, M

®urypa 8. 3aBUCUMOCTB VIO YIUIOTHEHHOH TOBEPXHOCTH OIS
OT PACCTOSIHUS MEXKy TFOKaMU

4. 3axioueHue

Taxum obpazom, HauOoJbIIas MPOU3BOAUTEILHOCTD
MOTPY309HO-TPAHCIIPOPTHBIX pabot JIOCTUTAETCSI pu
UCIIOb30BAaHUU JIOTIOJTHUTEIBHOTO TPAHCIOPTHOTO YCTPOKCTBA ISt
YNOPSIIOYEHHOH YKIaAKH TIOKOB B POBHBIE psBl  MOMEPEK
TPaeKTOPHH [BIDKEHHS IIPEcC-TIOAOOPINNKA, KOTAAa pacCTOSHHE
MeXJy Tookamu cocraBiger 10...13 M u yBenuuuBaeTcs Ha
20...25% B cpaBHEHHH C TPAAHIHOHHBIM criocoboM yoopku. [Ipm
9TOM PHEPreTHYEcKHe 3aTpaThl arperara BEIPACTAIOT He Ooyee 4eM
Ha 2%. Tak »xe, mpu cxeme YOOPKH IO OPraHU30BAaHHBIM
TPAeKTOpHAM OyAET 3HAUUTENBHO CHIDKAThCA TPYHAOEMKOCTb padoT
OIepaToOpoOB U BOJHUTENEH, U CYIIECTBEHHO COKPATHTCS IUIOIIAIb
YIUIOTHEHHOIl TOBEPXHOCTH TIONSA, 4YTO B KOHEYHOM HTOTe
HOJIOKUTENIBHO OTPAa3HUTCS Ha arpO’KOJIOTHUYECKUX IIOKa3aTelsix U
YPOKaifHOCTH TIOJICBBIX KYJIBTYP.
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K BOITPOCY OBECIHHEYEHUMSA PABOTOCIIOCOBHOCTH
CEJBbCKOXO3SAMCTBEHHOM TEXHUKHU B 3EMJIEIEJIAU

GO TO ENSURE EFFICIENCY
AGRICULTURAL MACHINERY IN AGRICULTURE

JIOKTOp TEXHMUYECKUX HAYK, CTApLIMKA Hayublil coTpyAHUK MiBanoB H.M.
JIOKTOp TeXHUYECKHX HayK, CTapIIuid Hayublil coTpyaHuk Hemues A.E.
Kanmunar rexuuueckux Hayk Koporkux B.B.

IocynapcrBenHOe HayuHOE yupexaeHne CHOMPCKUil HayIHO-NCCIEN0BATENbCKUH HHCTUTYT
MeXaHHU3aLUH U TeKTpU(UKAIINN CeTbCKOro xo3sicTBa Poccenpxo3akanemun, Poceus, r. HoBocubupck

Absract: Is it briefly described condition machine-tractor parka agricultural production at present. The formed crude structure of
the system of the technical service in ACI Siberia. The offered mechanism of the shaping the system of the provision to capacity to work of
the farm machinery on base of the motivation her parameter with the help of model forming: facilities, region, technical centre, specialized

repair enterprise.

KEY WORDS: TECHNICAL SERVICE SYSTEM FOR EFFICIENCY AGRICULTURAL TECHNOLOGY, SPECIAL REPAIR

COMPANY.

Beeoenue

B macrosmee BpeMst OONBIIMHCTBO CETbCKOXO3SHCTBEHHBIX
npexnpustuii Poccuiickoit denepamun (P®) Haxogurcs B CIOXHOM
SKOHOMUYECKON CHUTyallMu. B CBSI3M C 3TUM, UX TEXHUYECKMH MNapk
nmpakTuueck He oOHoBisercs. Ha nawamo 2004 r. oGecreueHHOCTH
X034UCTB TexHHKOH cocTtapnsna 40...60% [1]. KonuuectBo cruceiBae-
MBIX MamyH B 3...10 pa3 mpeBOCXOANUT KOJIMYECTBO BHOBH IpHOOpe-

TaeMbIX [2].

Kpome Toro, cpennuil Bo3pact TexHukH, Hanpumep, B AIIK
HoBocubupckoit obmacth 1O BCeM MapkaM MaIlMH HPEBHIIIaeT
HOPMAaTHBHBIN CPOK CIyObI (Tabnuia). AHAIOTHYHAS CHTYalHs U TI0

ZIpYyruM peruoHam PO.

Ta6muna — Cpennnii Bo3pact Texauku B AITIK

HoBocubupckoit ob6nactu

Mapka MaI1Hbl

Cpennuii Bo3pacr,

JeT
Ha 1-¢ sHBaps

Texnuka crapuie
10 met, %
Ha l-¢ sHBaps

KOpMOyOOpOYHbIe KOMOAHHBI

2008 . | 2009 1. | 2008 r. | 2009 1.

K-700A, K-701, K-744 18,6 18,9 93,1 93,8
T-150K, T-150 18,1 18,4 91,0 91,8
T-4A 174 18,1 87,0 89,7
MT-75, AT-75M 175 | 183 | 92,3 | 933
IMT3-80, MT3-82 17,5 17,7 90,1 90,5
IMT3-50, MT3-52 21,0 20,9 100,0 | 100,0
FOM3-6, 3TM-60 19,3 20,1 97,1 99,5
T-40, T-40AM, JIT3-60 18,2 18,9 95,2 95,8
T-25, T-16, BT3-30 19,0 19,6 98,3 99,2
Bce TpakTopsl 18,0 18,5 92,4 93,0
ICK-5 «Husa» 16,5 17,6 95,0 96,4
CK/I «EHuceii» 14,6 15,1 70,9 71,3
UTon-1500 51 4,8 19,0 15,5
Hvmoptisie § 00 | 72 | 382 | 434
BepHOYOOpPOUHBIEKOMOAHbI

Bee ) 149 | 143 | 793 | 774
BepHOYOOpOUHBIE KOMOAITHBI

IKCK-100 «ITomecne,

lon-680 14,8 14,3 73,8 66,2
[E-301, E-302, KIIC-5T 17,0 85,3
Bee 149 | 144 | 792 | 785

310 00YCIOBIMBACT PSI/I CEPHE3HBIX HETATHBHBIX MOCIE/I-
CTBUH IS CEIBCKOXO3SHCTBEHHOTO MPOU3BOJICTBA [3]:
- OOJNIBIIYF0O HArpy3Ky Ha pabOTOCHOCOOHYHO TEXHUKY
BCIIEZICTBHE HelocTaTouHOl obecrniedeHHocTH ero (Ha 1000 ra mpu-

XoauTcs 4-5 TpakTopoB, a B 1989 r. 66110 10-12);
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- HU3KUH K03 (HUIMEHT FOTOBHOCTH TEXHHUKH, HE Tpe-
BoIaroniuii 0,6...0,7;

- CHIKeHHe ypoxkaiiHoctd 10 7...11 wra m motepu
ypoxas 1o 20...60% u3-3a mpocToeB TEXHUKH WJIM DKCILTyaTa-
uu € pu HECHOPMUPYEMOM TEXHUYECKOM COCTOSTHHU.

COBOKYIIHOCTh HEPEYHCICHHBIX (AKTOPOB CHIKAET
peHTa0eNbHOCTh XO03sHCTB. Ha coBpeMeHHOM dTare pa3BHTHS
MPOU3BOJCTBA HOOUTHCS PEHTA0EIBHOCTH arpoONPOMBIIITIEHHOTO
komiuiekca (AIIK) BO3MOXHO TOJNBKO IPH HUCIIOIB30BAHUH MPO-
rpeccuBHON HMHXeHepHO-TexHH4Yeckoil cuctemsl (UTC). Ilpo-
rpeccuBHOCTE UTC 00ycnoBiamMBaeTcs paldoOHAIBHBIM (HOpPMH-
pPOBaHHEM CHCTEMBI O0ecreueHHs pabOTOCIIOCOOHOCTH Cellb-
ckoxossiictBeHHOU TexHuku (OPCXT), kotopas sBiseTcs 0J-
HOH M3 OCHOBHBIX COCTABJIAIOIINX HWHXEHEPHO-TEXHHYECKOU
CHCTEMBI.

Ipu dopmupoBanmu cucremsr OPCXT nHeobxoammo
3apaHee oleHUBaTh e€ sddexruBHOCTh. C 31O Henpio B CH-
6MIMD 000CHOBaHBI KaueCTBEHHBI U KOJMUECTBEHHBIH KpHUTE-
pUH TakoH OIEHKU. 3a KaYECTBEHHBIH KPUTEPUI MPUHAT KO-
¢durmeHt texauueckoit roroBHoctd MTII, 3a KOJIMYECTBEHHBIIH
— 0000IIEHHBIN TTOKa3aTedb CyMMAapHBIX 3aTpaT Ha IOJAepxka-
HHE ero paboTocoCOOHOCTH.

W3BecTHO, 4TO KOIPOUIMEHT TEXHUYECKOH TOTOBHO-
ctu mamuH (K;), onpenensercs cnenyromum o0pazom:

K= Lo )

T 4T,

rae T, — cpenHsist HapaboTKa Ha OTKa3, 4.;
T, — cpexHee BpeMs BOCCTAHOBIICHUS pabOTOCIIOCO0-
HOCTH MAaILIMHBI, Y.

Cpez[Hee BpEMs BOCCTAaHOBJICHUSA pa6OTOCH0006HOCTI/I
MalIvnHbl MOXKHO NPEACTABUTH B BUJIE:

TB:T’BJFTHP' (2)

rae T'; — MUHUMaIbHO BO3MOXKHOE CpEJHEE BpeMs
BOCCTAHOBJICHUSI PAaOOTOCIIOCOOHOCTH MAILIUHBI, 4.}

Typ — BpeMs npocTos, 4. (IIOUCK HEUCIIPABHOCTH, JH-
arHOCTUPOBAHHE TEXHUUYECKOTO COCTOSHHMS, OTBICKAaHHE U JOC-
TaBKy 3allaCHBIX YacTel, NMPUHATHE PEIICHHUS, 3aBUCAIIETO OT
HH(OPMAITOHHOTO 00eCIeYeH s CIICUAIHCTOB).

OO00OIIEHHBII TOKa3aTeNnb CyMMapHBIX 3aTpaT Ha
nojzepxkanue padotocnocobnoctn MTII xapakrepusyer 3arpa-
TBI Ha obecrieueHne TpedyeMoro KodpQUIMeHTa ero TeXHu4Ie-



ckoii roropHOCTH. [IpH 3TOM HE0OX0AMMO, UTOOBI U KO3 DHUIIH-
eHT TexHudeckoi rotoBHoct MTII u 3aTpatsl Ha ero obecre-
YEHME UMENM ONTUMAJIbHBIE WJIM, IO KpalHEH Mepe, pauuo-

HaJIbHBIC COOTHOIICHHUA.

Pe3ynvmamul u ouckyccus

C yuérom manHOro TpeboBaHusi chopmupoBaHa 00LIas

cTpykTypa Texauueckoro cepsuca B AITK Cubupu (purypa).
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®durypa — O0mIas CTpyKTypa
cucTeMbl TexHmaeckoro cepsuca B AIIK Cubupu

Ha ocHOBe cTpyKTyphI IpeCTaBICHHON Ha PHCYHKE, BHI-
OpaHBl BapHaHTHl IMPOBEICHHS TEXHUYECKOTO OOCIY)XUBaHUS H
peMOHTa 00CITYKHBAEMON CEIBCKOXO3IHCTBEHHON TEXHUKH M YCT-
panenus nocneactsuii otkazoB MTII co cnenyromux ypoBHE:

- cenbekoxo3siicTBenHoro npennpustus (CXII);

- paiioHa;

- MEXXpaOHHOTO;

- obmacTH.

Peanmmzaruio BBIOpaHHBIX BAapHaHTOB OpPTraHM3AIMU TEX-
HUYECKOr0 OOCTY)XMBaHHS W pEeMOHTa ()OPMHUPOBAHUE CHCTEMBI
OPCXT B AIIK nenecoo6pa3HO OCYLIECTBISTh Ha OCHOBE HOpMa-
THUBHO-PAacyéTHOr0 METOJa, TO eCcTh e MmapaMeTpbl HeoOXOIHMMO
pacCcunuThIBaTh NMPUMEHHUTEIIBHO K MOJICIBHBIM YPOBHSM, KOTOPLIC
OyIyT BKIIFOUATh MPEANPHUITHS BceX (HOPM COOCTBEHHOCTH:

- XO3SHCTBY;

- paiioHy;

- TEXHUYECKOMY IIEHTPY;

- CHEUAIN3NPOBAaHHOMY PEMOHTHOMY NPEATIPUSTHIO.

3areM MOJydYeHHBIE IapaMeTpbl CUCTEMBI OOecTedeHUs
PpaboTOCTIOCOOHOCTH CENTbCKOXO03AUCTBEHHOIN TEXHUKU TSI MOAEIb-
HOT'O YPOBHSI CKOPPEKTHPOBATH C YUETOM PEAJIbHBIX YCIIOBUI.

ITpu popmuposanuu cucrembl OPCXT HeoOX0auMO yuu-
TBIBaTh TP OCHOBHBIX ITOKa3aTeIs:

- 00b€M MEXaHM3MPOBAHHEIX Pa0OT BBITOIHAEMBIH TaH-
HOM MOJIEJTBIO MAIIIHH;

- UHTEHCHBHOCTH CIIPOCa HA TEXHUYECKOE 00CITyKHBaHHE
(TO) 1 peMOHT TEeXHUKHU TaHHOI MOJETH MalliH;

- KBaTM(PUKAINIO MEXaHU3aTOPOB.

MopenbHbIM SBISIETCSA TAKOE XO35HCTBO, KOTOPOE MPUMeE-
HUTENBHO K JaHHOH MOJEIM MAllUH UMEET CPEAHUH IS XO34HCTB
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obnacTi 06béM Mexammsuposauusix pabor Wy, cpemmroro s

XO3MCTB 00JaCTH MHTEHCHBHOCTH Cripoca Ax Ha TO M PEMOHT U
CPEIHIOI0 JUIS XO3AHCTB 00JAacTH KBANMM(HKAINIO MEXaHHU3aTOPOB

Kx:

W, = o, L)
nX

T = 2o, )
n)(

K. :w, ®)

n

o

rae W, — 006M MeXaHH3MPOBAaHHBIX PadoT, MPOU3BO/IH-
MBI JaHHOW MOJIEJIbIO MAIlIMH B 00J1aCTH, y.3.Ta;

Ao — HHTEHCHUBHOCTB cripoca A x Ha TO M PEMOHT TaHHON
MapKH MallvH B 00nactH, 1/4;

N, — KOJIMYECTBO XO3SAHCTB B 0OJIACTH, IIIT.;

Ny, Ny, N3 — COOTBETCTBEHHO YMCIIO MEXaHU3aTOPOB B 00-
mactu 1, 2 u 3 kiacca;

N, — o0llee YUCII0 MEXaHU3aTOPOB B 00JIaCTH, YeIl..

MopnenbHbIM pailoHOM SABIISIETCSI TAKOM, KOTOPBIM MpUMe-
HUTENBHO K JIaHHOW MOJEIM MAIlUH MMEET CPEIHMM Ul pallOHOB

obactn 00BEM MexaHH3MpOBaHHBIX pabor W, cpemmioro mmsi
paifoHOB 001ACTH HHTCHCHUBHOCTH crmpoca A, Ha TO u peMoHT

JAHHOM MapKH MAllWH U CPEIHIOI Ul paiilOHOB OONAcTH KBAIH-
¢uxanuo MexanuzaTopos K,

w, = Ne, @
np

By = e )
nP

K, =1n1+2n2+3n3‘ ©)

Ny

rac np — KOJIMYECTBO paﬁOHOB B O6IIaCTI/I, IT.

MonensabiM TexHHYeckuM LeHTtpoM (TLI) sBasercs Ta-
KOM, KOTOPBI Mpou3BoaUT o0cayxuBanue u peMoHT MTII npume-
HHUTENBHO K 30HE, NMEIoIel cpeqHuii Mo obaacTd 00bEM MeXaHU-

3upoBaHHbIX PaGoT Wy, CPEIHIOI MHTEHCHBHOCTB CIIPOCA Ay

Ha TO U PEMOHT U CPEHIOK KBaTU(UKALMIO MeXaHU3aTOPOB K 1y
JUTst 30HBI, 06cmyxuBaeMoit atum TLI:

W = o, @)
n'm

o = 2, ®)
nm

Ko :1n1+2n2+3n3‘ ©)

n

T

rae Ny, — KOJMYECCTBO TCXHUYCCKUX LECHTPOB B 06IIaCTI/I,
mT.

MopensHbIM  CIIENHATU3UPOBAHHBIM PEMOHTHBIM TIPEA-
npusitiueM (CPII) sBnsercs Takoe, KOTOpoe MPOU3BOIUT OOCITYXKH-
BaHue U peMoHT MTII npuMeHnTENbHO K 30HE, UMEIOIIEH CpEIHUI



00bEM MexaHu3upoBaHHbIX paboT W pn , CPEIHIO HHTEHCHBHOCTD
crnpoca A,y Ha TO ¥ peMOHT M CpeiHION KBaIU(DUKALUIO MEXAHH-

3aTopoB K,y MU 30HBL, 00coy)kuBaemMoii nanasiM CPIT:

Wpr{ = WO ' (10)
n,,
U (11)
pn
Ko =1n1+2n2 +3n3] 12)
n

po

rae Ny, — KOIMYECTBO PEMOHTHBIX NMPEANPUATUH B 00Iac-
TH, IIIT.

3aknwuenue

B cooTBeTcTBHM C BBIICH3IOKCHHBIM MOXKHO CIETIaHBI
CJIeTyIOIINE BHIBOIBL:

- (yHKIHMOHHPOBAaHHE CHCTEMBI obecIiedeH st paboToCIo-
COOHOCTH CEIbCKOX035HCTBEHHON TEXHUKH LIeJIecO00pa3Ho ocylie-
CTBIIATH Ha TPEX TEPPUTOPHAIBHBIX YPOBHSX: 00JACTH - paloH -
CEJbCKOXO035HCTBEHHOE TIPEAIPHUATHUE;

- o6ocHoBanue napamerpoB cucreMsl OPCXT B AIIK me-
11ec000pa3HO MPOU3BOAUTD, HCHONIB3Ysl MOACIBHEBIE YPOBHU: XO3STH-
CTBa, palioHa, TEXHWYECKOTO IEHTpa, CICHUAIM3UPOBAHHOIO pe-
MOHTHOTO HPEIIPHATHSA, C IMOCIEeTYIOmEeH KOPPEKTHPOBKON IaH-
HBIX ITapaMETPOB K PeaNbHBIM YCIOBHUSIM;

- Ha ypoBHE paiioHa 1enecoo0pa3sHO NPHMEHATh MeXa-
HU3MBI MEXpaOHHON KooIlepanuy MpH o0ecrneyeHnd padoToCHo-
cobHoctn TexHUkH B AIIK, KOTOpble MOXXHO peann3oBaTh depes
TEXHUYECKHE LICHTPBI.
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COBEPHIEHCTBOBAHHUE CBOPOYHO-TPAHCIIOPTHOI'O NTIPOLONECCA HA
YBOPKE 3EPHOBBIX B CUBUPHU

PERFECTION OF ASSEMBLY-TRANSPORT PROCESS ON CLEANING GRAIN IN SIBERIA

I.T.H., npodeccop, brsackuit FO.H.

Phd. Blynsky Y.
Tuxonosckuii B.B.
Tihonovsky V.

I.T.H., npodeccop, [enucos A.C.

Phd. Denisov A.

OI'BOY BIIO «HoBocubupckuii rocyaapcTBeHHbIH arpapHblii yauBepeute», NSAU,

r. HoBocubupck, Poccust

Abstract:In the article the basic directions of rational construction of assembly-transport process (ATP) in conditions of Siberia are
considered. The ways of perfection of process on cleaning of grain crops are proved. By means of modern technologies number of practical
dependences on preparation and organizations of ATP on cleaning grain in view of applied schemes of transport service and a lining of
optimum number of transport highways is certain. From set of technological schemes of transport service of harvesters and item primary
grains cleaning in view of technological, industrial and zone factors were applied: direct transportations by single vehicles; transportations by
turnaround trailers and trains; transportations with an overload of grain supersize trailer-conveyors all this allowed to perform transport

operations irrespective of work of harvesters.

KEYWORDS: THE HARVESTERS SERVING VEHICLES, GRAIN, TRANSPORT HIGHWAYS, ASSEMBLY -TRANSPORT

PROCESS, SYSTEMS OF POSITIONING.

1. Beeoenue

B YCIOBUAX YBEIIUUCHUS IIPOU3BOJCTBA
CENbCKOXO3SMCTBEHHONW TNPOMYKIMH MNOBbILIeHHE 3()(EKTHBHOCTH
UCTIONIB30BaHUSL  YOOPOYHO-TPAHCIIOPTHON TexHUKH B Cubupu
ABISIeTCS  aKkTyaupHOM  3amaueid.  IlpuoOperaer  3HaueHHe
COBEPILIECHCTBOBAHUE MAaIIMHHO-TEXHOJIOTHYECKUX CHCTEM H
KOMIUIEKCOB ITyTéM pa3pabOTKM W OpraHu3amud yOopodHo-
TPAHCIOPTHO-3arOTOBUTEILHOTO mmpoliecca. [oBbiieHue
NPOU3BOJUTENBHOCTY M CHIDKGHUE  3aTpaT  TpyJa  Ha
TEXHOJOIMYECKUX MEpPeBO3KaX IIyTEM COKPALICHUS XOJOCTBIX
npoOeroB, TMPOCTOEB MOABIKHOTO — COCTaBa, CHACPIKUBAIOTCS
3HAYUTENbHBIMH  BPEMEHHBIMU  3aTpaTaMH Ha  BBINOJHEHHE
cOOpOYHO-TPAHCHIOPTHBIX  ONEpaluid. YKa3aHHbIE HEJAOCTATKH
YCTPAHAIOT MPHUMEHSS pa3dHdHble CXEMbl B3aMMOAEHCTBHS
yOOpOUYHBIX M TPAHCIOPTHBIX MamMH [l], HO WX NpHUMEHEHHUE
BBISIBJISIET HEXBAaTKy CPEICTB aBTOMATH3AIMH, OOECIICUMBAIOIINX
BBIIIOJTHEHUE BCIIOMOTATENbHBIX ornepanuii c6opoyHo-
TPaHCHOPTHOTO TpoIiecca.

Hccnenopanus TPaHCIOPTHO-TEXHOJIOTHIECKIX
MPOIECCOB, MpPOU3BOAUTENHHOCTH, 6€30TKa3HOCTH
CETbCKOXO3SHCTBEHHOH TEXHHWKH IIO3BOJISTIOT BBISIBUTH PE3EpPBBI
OPTaHM3alMOHHOTO M TEXHHYECKOTO XapakTepa, CpaBHUBATh
pasiuuHble TexHoJoruu M MamuHbel. C  yu€roM TOro, 4TO
TPaHCIIOPTHBIC  CPEACTBA  3apyOEKHOIO M OTEYECTBEHHOI'O
IPOMU3BOJICTBA, IPUMECHSAEMbIC B TEXHOJOIMYECKUX CXEeMaX, UMEIOT
paznuuHyr0 EMKOCTb, 3aJaya COBEpPIICHCTBOBAHHSA COOPOYHO-
TPAaHCIIOPTHOTO TpoIiecca Ha yOOpKe 3epHOBBIX € YUIETOM YCIOBUHI
9KCIUTyaTalliy, CTAHOBUTCS, 0COOEHHO, aKTyallbHA.

2. O0vexmoul u Memoowvl UCC1e006aHUA

LICHLIO HCCJICIOBAHUSA ABJIACTCSA H3YYCHUE OCHOBHBIX

HANpaBICHUH  TOBBINIEHHS  MPOU3BOJUTENBHOCTH  COOPOYHO-
TpancnopTHeIX cucteM (CTC) 3a cu€T CHMKEHHUS NPOCTOEB
KOMOalfHOB, ~ COKpamIeHHs  XOJOCTBIX  Ipo0eroB(IIpoCTOEB)

TPAHCIIOPTHBIX CPEJICTB, IPUMEHEHHUs COBpeMeHHbIX cucteM (GPS/
I'monacc, GSM-monyneit), a Takke 3a CYET yIIydlIeHHS
TPaHCHOPTHOTO 00ECTIeUeHNSL.

Ha ocHOBaHMM DIPOBEIEHHOrO aHaJU3a HM3BECTHBIX
TEXHOJIOTHi1 yOOPKHM 3€pHOBBIX OBUIO BBISABJICHO, YTO IOKa3aTENd
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3¢ }EeKTUBHOCTH 3aBUCAT OT BapHaHTa OPTaHU3ALMOHHBIX PalboT.
ITosToMy OocHOBHasi 3amada MOCTPOEHHUsSI COOPOYHO-TPAHCIIOPTHOTO
Ipollecca 3aKiroydaercss B OOOCHOBAaHMM COCTaBa MammH [2] B
CHCTEME TIpH MHHUMAaIBHBIX 3aTpaTrax CpeACTB M TpyJa.
HauGompmas >d¢pexTuBHOCT, €€ peIeHus IOCTHUraercs c
MOMOIIBI0 MHOTOYPOBHEBOT'O CHCTEMHOro mojaxoxa. Jius atux
1eJIell BBITOJIHEHB! KOMITIEKCHBIE UCCIIE0BaHMS — OT 0OOCHOBAHHMS
napaMeTrpoB  yOOpPOYHO-TPAaHCHOPTHBIX  MAIIMH, TEXHOJOTHH
yOOpKH yposkasi, 10 TPAHCIIOPTUPOBKU €TO K IMyHKTaM NEPBHYHOM
noapadotku (III1I1). [Ipu aHanm3e mporecca paccMaTpHBaid €ro
Kak cucteMy kombaitH — aBromo6mns — [IIIIT (K-A-IIIIIT). PaGora
KOMOaifHOB W 00CHy)XHBaromuX TpaHCopTHBIX cpeacts (OTC)
HNPOUCXOAUT B MpEAeNax MOJsl, KOTOPO€ MOXKHO, OMHCATh PSIOM
napaMerpoB: KOH(QUrypauusi, [UIMHA, IIHPUHA, YPOXKAHHOCTH,
orpanéuHocts oT I u ap. i pemieHus MocTaBiICHHBIX 3aaad
chucTeMy  1iejecooOpa3Ho pa3duBath Ha mojacucTemsl  [3]:
yOOpOUHBIE MAlIMHBI, TPAHCIOPTHBIE CPENCTBA; ITyHKT NEPBUIHOM
MOaPabOTKH.

CoBepIICHCTBOBAHUIO HOATEKHUT
CTPYKTypa pEIICHUs] TOCTaBICHHBIX 3a7ad

uepapxuyecKas
C TOYKHM 3pEHHS

MHUHUMH3AaLIUH 3aTpaT M COIJIACOBAaHHOCTH BCEX IIOJCHCTEM
HPOM3BOJICTBEHHOT'O MPOIIecca.

OOmast MeToauKa HCCIEJOBAaHUHM IpeaycMaTpHBana
pa3paboTKy TEOPETHYECKUX MPEANOCHUIOK, ux
9KCHEPUMEHTAIBHYIO MPOBEPKY B 11abopaTOPHBIX u
MPOM3BOJICTBEHHBIX ~ YCIOBHAX M  OKOHOMHYECKYIO  OLICHKY
pEe3yJbTaTOB HCCICIOBAHMUIH.

TeopeTuueckue  HMCCICHAOBAHUS  BBIIOJHSINCH — C

UCIOJIb30BAHUEM OCHOBHBIX IIOJIOKCHHUH, 3aKOHOB U METOJOB
NPUKIAIHOW MaTeMaTuKu (TEOpHsi MaccoBOro OOCTY)KHBaHMS,
TEOpHUsl BEPOSITHOCTECH U Ip.). DKCHEPUMEHTAJIbHBIE UCCIICIOBAHUS
IPOBOJMINCH B J1AOOPAaTOPHBIX M IIOJICBBIX YCIOBHUSIX Ha OCHOBE
OOIIETIPUHATEIX METOAWK, a TaKXKe II0 YaCTHBIM METOAUKAM,
pa3pabOTaHHBIM C  HCIOJB30BAHHEM TEOPHH  ILIAHHPOBAHHS
MHOTO(aKTOpHOTO  dKcrepuMmeHTa. OOpaboTka  pe3ynbTaToB
SKCIIEPHMEHTOB BBHIIIOJHSUINCE C HCIIOJB30BAaHUEM HM3BECTHBIX
MeToz10B pacueroB Ha [1K.

O0BekToM UCCIIEeJOBaHUA SBUIICS nporece
B3aMMOJCHCTBHS  OOCITY)KMBAIOIIMX TPAaHCHOPTHBIX CPEACTB C
yOOpOYHBIMH ~ MAIlMHAMH,  OCHAIIEHHBIMH  COBPEMEHHBIMH



CHCTEMaMH IO3ULHOHUPOBAHUA M MOHUTOPHMHIA TPAHCHOPTA U
MYHKT NIEPBUYHON NoapaboTku 3epHal3].
W3 MHOXECTBA TEXHOJOTHYECKHX CXEM TPAHCIOPTHOTO

oOCITy)XMBaHHA yOOPOYHBIX MAIIMH W TyHKTa MEPBUYHON
opaboTKI 3epHa c yuéToM TEXHOJIOIMYECKHUX,
MIPOM3BOJCTBEHHBIX M  30HAIBHBIX  (DAaKTOPOB  MPHMEHSUINCH

CIIeyIOINe: TIPSIMBIE MEPEBO3KH OJWHOYHBIMH TPAaHCIOPTHBIMU
CpeICTBaMH; IEPeBO3KH OOOPOTHBHIMM MpHUIENaMH M IOe3/laMu;
MEePEeBO3KH C MEeperpy3koil 3epHa OONBIICTPY3HBIMH MPHULICTTAMHE-
Heperpy)xaTeisiMi, Mpd 3TOM MMOTOK Marepuaiga OT YOOPOUHBIX
MallMH 0P HATMYUKd BOJU3H OOCIY)KHBAIOIIEr0 TPAHCIIOPTa
MOYKET UATH IPSIMO K HUM.

IIpu mpoBeAeHHH SKCIEPUMEHTAIBHBIX HCCICIOBAHHN B
MOUCKE ONTHMAJIBHOTO pEIIeHHs, IUIAHOM OKCHEPHMEHTOB
IpelycCMaTpUBAIOCh  BapbHpoBaHWEe  mATH  (akTopoB: 1)
YpOXKaifHOCTh; 2) 006EM OyHKepa; 3) 00bEM Ky30Ba; 4) pacCTosHHE
HepeBo30K; 5) 00bEM npHIena-neperpyxarens [4].

3. Pesynomamut ucciedosanuii

Kak nokazanu uccnenoBanus, npousBogurensHocts CTC
Ha BBIXOJE 3aBUCHT OT IPOU3BOJUTEIBHOCTH YOOPOUHBIX U
TPAHCIOPTHBIX MammH. V3 Bcero MHoecTBa (HakTopoB padOThI
CHCTeMBl HamOOJbllee BIMSHUE HA HAYAIBHOW CTAJUM JBHKCHUS
MOTOKAa 3epHa M ero 0oO0BEMBI 3aBUCAT OT EMKOCTH OyHKepa
(mpuHATO, 4YTO B MpOIEcCe HAMOJHEHHH OyHKepa KoMOaiiH
paboraeT 0e3 3aBHCHMOCTH OT APYI'MX 3BEHBEB CHCTEMbI). UTO B
CBOIO O4Yepeb C YIETOM TEXHHUYECKHX XapaKTePUCTHK YOOPOUYHBIX
MAaIlIMH CKa3bIBAETCS HA UX MPOU3BOUTENBHOCTH.

Kak rmoka3ana NpPOM3BOACTBEHHAs  SKCILUTyaTalus,
Pa3HOMAapOYHOCTb MAapKa MAIIMH B XO35HCTBaX 4acTO MPUBOIUT K
HEBEPHBIM KOMOMHALIMSM, TEM CaMbIM CHIXasg 3(PQPEKTHBHOCTH
paboTEHL.

ITpoBenéHHbIi 3KCIepUMEHT Ha Hoysix KOYKOBCKOTO H
OpIBIHCKOTO paitoHoB HoBocubupckoit obnacTu c
UCIOJIb30BaHNEM TEXHHUKH HE CTaplie TPEX JIeT, MOKas3aj, YTo MpH
YPOKaHHOCTH 10 2 T/Ta UCIOJB3Yys YOOPOYHOE 3BEHO COCTOSIIIE
u3 aByx kombaitHoB CLAAS Tucano 450 wu 3BeHO cocrosiiee u3
nByx John Deere 9670 STS, ¢ y4€ToM COriacoBaHHON pabOTHI
CIIOCOOCTBOBAJIO TIOBBIICHUIO MTPOU3BOAUTENBHOCTH cHCcTeMbl. Ha
MoNsiX C ypokailHOCTBIO ©Ooiee 2 T1/Ta ©W  3PPEKTUBHOTO
HCTIONB30BAHHS KOMOAIHOB ¢ EMKOCTBIO GyHKepa Goiee 8 M° GbiI0
chopMHpOBaHO 3BeHO, cocrosmiee u3 nByx CLAAS Tucano 450 u
aeyx John Deere 9670 STS. [lns uX ONTUMAIBHON 3arpy3Kd
MOSBISIETCS. HEOOXOJMMOCTh BBOJA B CHCTEMY IPOMEKYTOYHOMN
EMKOCTH B BHJE NpHIENa-Neperpyxareis B HalleM cilydae 3TO
CLAAS AXION 850 + Bourgault GS1200 &mkocTsio okono 42m°,
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4. Bwieoont

[Ipu BBOJIE IIPOMEKYTOUHOH EMKOCTH
(yHKOIMOHHpYIOIass CHUCTeMa TpHHHMaeT BHA: yOOpOYHEIE
MaIInHbl (KOMOaiHbI) — OONbIIEerpy3HbIe MPULIETIBI-TIEpErpyKaTeIn
— 00CIy)KHBaIOIIKE TPAHCIIOPTHBIE cpeacTBa (aBToMoOmmm)— I1I1I1
3epHa. IIpeAnmpuHATBIE MepBl MO TPHMEHEHHIO B YOOpPOYHO-
TPaHCIOPTHOM nporecce MpHILENoB-Neperpyxareneit
CIIOCOOCTBYET POCTY MPOU3BOIUTEIILHOCTH CHCTEMBI.

Buanmocts Xxoma yoopouHO-TPAaHCIIOPTHOTO Hpolecca B
pexume On-line, ¢ HCHOIB30BaHHEM HABHIALMOHHBIX CHCTEM
obecriedrBaeT  KOHTPOJIb  LEJIOCTHOCTH  BCEH  CHCTEMBI C
JIOCTOBEPHON pe3yabTUPYIOIEH IO NPOU3BOAUTENBHOCTH, TEM
CaMBIM oTpaxas peanbHbIe 3aTparhl, HCKITIOUast
HETEXHOJIOTHIECKHE TTOTEPH BPEMEHH U TIPOTYKTOB ypOsKasl.

IMocnenoBarensHOE pelIeHME TOCTABIEHHBIX  337ad,
KOMIUIEKTOBaHME Iapka MamlMH Ui  KOHKPETHOH  CXEMBI
TPaHCHOPTHOTO OOCIY)KUBAHHS U TEXHOJOTUH COKPATHIN HPOCTOM:
yOOpOUHBIX MaIllMH B OXKUAAQHWUH TpaHcropTta ¢ 19-24 no 6-11%);
TpaHCIOpTa B OXKUJAHUU 3arpy3ku — ¢ 45-55 no 23-36% BpemeHu
CMEHBI, YTO TO3BOJIMJIO MOBBICHTH mpom3BoguTenbHocTh CTC Ha
15-30%.
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COBEPHIEHCTBOBAHUE POTAIITMOHHBIX OPYIUM
JJISA HOBEPXHOCTHOU OBPABOTKH ITIOYBbI

IMPROVEMENT OF SURFACE SOIL TREATMENT ROTARY IMPLEMENT

Cand.Tech.Sci. Valiev A., eng. Hidiatov L., Dr.Sci.Tech. Ziganshin B.
Kazan state agrarian university, Kazan, Russia

Abstract: The article proposes a new rotary tillage implement for the surface soil treatment, which is based on an analysis of existing
designs. This tool can be used as a separate unit, or as part of combination machines. It provides an effective weed combing process,
dropping them on the field surface, the simultaneous crumbling, creating crumbly soil structure and the rolled seed boxes for rake crops.
KEYWORDS: ROTARY IMPLEMENT, COMBING OUT THE WEEDS, SURFACE TREATMENT.

1. Beeoenue

B COCTaBe COBPEMEHHBIX KOMOMHUPOBAaHHBIX
M04B00OpadATHIBAIONIMX  MAIIMHAX  IIUPOKO  HCIIOJB3YIOTCS
pOTallMOHHBIE OOPOHBI M KAaTKA pa3NU4YHOM KOHCTPYKUUH. B
OTAENBHBIX CIydasX OHH MPUMEHSIOTCS M KaK OTAENbHbIE OpYAUS
JUIsL TIOBEPXHOCTHOI 00pa®OoTKM MoyYBbL. IIpn 3TOM, B 3aBUCUMOCTH
OT KOHCTPYKIWH, OHH OOECIeUMBAIOT DPBIXJIEHHE BEPXHEro CJOs
MOYBHI,  KpOIIEHHE  KOMKOB,  YHHYTOXXCGHHE  COPHSKOB,
BEIPABHUBAHKE W IIPUKATHIBAHHUE IIOBEPXHOCTH 1O [1].

OpHa W3 BaXHEHIIMX 3a/7ad, KOTOPYIO JOJDKHBI peIIaTh

paboune opraHsl JaHHOTO THIAa — JT0 Oopsba C COPHBIMH
pacTeHUAMH. YUHTBHIBas, YTO MEXaHH4YEeCKHH crmocod OoprOBI C
COpHAKAaMH SBISETCS OJHMM M3 Hauboiee 3KOJOTHYECKH

0e30macHbIX, U3yYCHHE U COBEPLICHCTBOBaHME PabOuMX OPTaHOB,
o0ecreynBaloIX, Hapsly ¢ Ka4eCTBEHHOW MOATOTOBKOM IOYBBI,
oG QeKkTHBHOE  YHHYTOXEHHE COpPHIKOB  SBISETCS  BechbMa
AKTYaJbHBIM.

H3BecTHO, YTO MHOTOJIETHHE KOPHEBHUIIHBIE COPHSKH (IBIpel
KOPHEBHUIIHEIH, OCTPEI, XBOII IIOJICBOH, KPAIiBa, THICSIEITNCTHHK)
U KOPHEOTIPBHICKOBBIE (OCOT TOJIEBOH, OOISK IOJICBOH, TroOp4ax

PO30BBIH,  MOJIOYall,  BBIOHOK  TIOJIEBOM)  Pa3MHOXAlOTCS
BETETaTHBHBIM CrIocoOoM. M3 Bcero MHOrooGpasust poJioB ¥ BUIOB
COPHAKOB — 95TO HaumOojee 3JI0CTHBIE M TPYIHOMCKOPEHHMBbIC

copHble pacteHus. [logpesaHue KopHeW HpH BCHANIKe W IPYTHX
00paboTKax TOYBHI HE MPUBOAUT K ITIOJHOMY HX YHHYTOXXEHHIO.
OcraBnvecss B OYBE ITO3E€MHBIE ITOOETH, U KOPHH Pa3MHOXKEHHS
BBITOHSIOT HAa IIOBEPXHOCTh enle OoJiblliee KOJIMYECTBO HOBBIX
pacTeHHi, yeM OBUIO YHHYTOXKCHO WX mpu obpabotke [2]. st
00pbObl C COpHAKAMH JAHHOH TPYIIBI, OCOOCHHO B 3aCYIUIMBBIX
30HaX, OS(GQEKTUBHBIM  MEXaHMYECKUM  IIPUEMOM  SIBIACTCS
BBIUECHIBAHME KOPHEBHII M cOpachlBAHME MX HA MOBEPXHOCTH OIS
JUISL ACCYIIEHHSI.

Kpome TOro, ocHOBHBIM IIPU3HAKOM IHOYBO3AMUTHBIX CHCTEM
00pabOTKN TOYBHI SIBISETCS OCTAaBIEHHE HA MOBEPXHOCTH IIOJIS
MOCJIEyOOPOYHBIX OCTATKOB M COXpaHEHHE HX KaK BO3MOXKHO
noublre. [TociaeyOopouHble OCTATKHU 3alMILAIOT TOYBY OT BOAHOI
BETPOBOM 3PO3HH, CIIOCOOCTBYIOT HAKOIUICHHIO BJIArH, YMEHBIIAIOT
ee wucmapenue. Takas cucrema oOpabOTKHM Ha3bIBaeTCs
MynbuHpyorei [3, 4].

[IpousBogurensimu no4yBooOpabdaTeIBaroNei TEXHUKHU
MpeIaraeTcsi ~ MHOXECTBO  Pa3IMYHBIX ~ MOJENeHl  MalluH,
o0ecreunBaOMNX BEYECHIBAHIE COPHBIX pacTeHWi. B ocHOBHOM
9TO MallIWHBI, 000pYyIOBaHHBIE pOTanMOHHBIMH OopoHamu. Cpenu
HUX MOXXHO OTMETHTH OOpOHY KOJBLEBYIO MOAYIbHYIO «JImmep-
BKM», koTopas uMeeT IBYXpAOHOE paclojioXeHHe pabounx
OpraHOB, BBIMOJHEHHBIX B BHJE OaTapeil KOHMYECKHX KOJeI]
nuamerpoM 700 MM M PaCHONIOKEHHBIX MO yriaoM araku 25° [5].
M3BecTHbI TaKxKe MHOT0OTIEpAllMOHHbII KaToOK [6],
no4BooOpabdareiBatolii  katok [7], Gopona nauckosas [8, 9],
opyzue aiIs nocioitHoi 06pabotku nmoussl [10] n npyrwue.

OpHako, HECMOTps Ha OOJIbBIIOE pa3sHOOOpas3ne, W3BECTHEHIC
pPOTAIlMOHHBIE ~MamIMHBL ¥  pabodyme OpraHsl HE  BCETAa
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o0ecreynBalOT  MOJIHOE  BbIYECHIBAHME  KOPHEBHIL  COPHBIX
pacTenuii, cOpacblBaHME HMX Ha JHEBHYIO MOBEPXHOCTh OIS, a
TaKke OJHOBPEMEHHOE CO3[JaHHE MENKOKOMKOBATON CTPYKTYpHI
MOYBBL

2. Pe3ynbmamol u Ouckyccus

B memsx pemenHus yka3zaHHOM mpobieMel B Kazanckom
TOCY[JapCTBEHHOM arpapHOM YHHBEpPCUTETe pa3pabaThIBaeTCs
POTAaIliOHHOE OpyIue Ul IOBEPXHOCTHOH OOpabOTKM MOYBEI

(puc.1).

ﬁ

,ﬁ,,r ”ﬂ

Pucynok 1 — Poranuonnoe opyaue /s OBePXHOCTHOM
00padoOTKH NMOYBBI:
a — o0wuii BUJ cBepXy; 6 — oOmmii BH c3a1u

PoranmoHHOE oOpyaue COCTOMT U3 paMbl | C TNPUIETHBIM
MEXaHU3MOM 2, TiepenHed M 3agHeil momepedHsIx Oamok 3 u 4
COOTBETCTBEHHO, Ha KOTOPBIX 3aKpeIlIeHBI JUCKOBBIE Oarapen 5.
JluckoBble Garapen 5 COCTOSAT M3 OTACNBHBIX CEKIHMil (puc. 2a),
BKJIIOYAIOIMX B ce0s aBa Aucka 6, KOTOpHIE YCTaHOBJICHBI Ha
H30THYTOH OCH 7 € BO3MOXKHOCTBIO CBOOOZHOTO BpamieHus. [Ipu
3TOM IUIOCKOCTH BPAIICHHS 3THX JIBYX IHMCKOB O0pa3yroT MEXIy
coboit yronm o (puc. 2B). M30orHyTHIC OCH 7 CEKUWH COEAWHEHBI
MEXIy co00i HEMOIBIKHO M 00pas3yroT nenbHyro Oarapero. [Ipu
9TOM JIMHUHM W3TH0a M30THYTHIX OCEH 7 KaKIOH CEKUUH JexXaT B
OIHOM IUIOCKOCTH, OTKJIOHEHHOH OT BEpPTHUKAIM B CTOPOHY



MOCTYHATEeNbHOTO JBIXKEHUS opyaus Ve Ha yron ¢ (puc. 20), npu
KOTOPOM 00ECIeYUBACTCd MHMHHMMAIBHOE PACCTOSHHE MEXKIy
JMCKaMH 6 Ha ypOBHE IOBEPXHOCTH MOJIS B 30HE BBIXOJA MX W3
MOYBBL. 3HA4YCHHE YIJa ¢, YAOBJICTBOPSAIOLIEE 3TOMY YCIOBHIO,
ompenensercs 1o Gpopmyie:

@ = arccos (1 — %),

rae g — riayOMHa MOrpyKEHHs MCKOB B IIOYBY,
R — pamuyc nuckos.

Pucynok 2 — Cexnusi THCKOBOii 6aTapen:
a — BUJ CBEPXY CEKLUH JUCKOBOI OaTapeu; 6 — BUA COOKY CEKLUH
JIMCKOBOU OaTaped; 6 — BUJ A CEKIIUHU

IMpn HEOOXOANMOCTH, ISl 0OECTIEUEHHNS TIOJTHOTO ITEPEKPBITHS
oOpabaTeiBaeMOf 30HBI IO BCEH INMPHHE 3aXBaTa arperara,
JICKOBBIE 0aTaped 5 MOryT OBITH YCTaHOBJIEHHI OoJjiee 4eM B IBa
pana.

PotanmonHoe opyaue i MOBEPXHOCTHOW OOPaOOTKH MOYBBI
paboTaeT crenyromuM 00pazoMm.

Ilpn mpoxoxme opyaus MO MOMIO, MPEABAPUTETHHO
00paboTaHHOMY IHCKOBBIMH WJIH JIALIOBBIMH pabOYMMH OpraHaMHy,
JIMCKH 6 HaJpe3aloT MOBEPXHOCTHBIH CJION M 3ariTyOIISIIOTCS B TIOUBY
Ha ITyOuHy a. B npornecce aBmkeHns, 3a CHET CHUJI TPEHUSL, TUCKU 6
BPAIAlOTCS B HAIIPABJICHUH MTOCTYIATEIBHOTO JIBI)KEHUS arperata.
IIpu 3TOM 32 CUET TOrO, YTO AMCKU 6 KaXIOW OTACTBHON CEKIUU
YCTaHOBJIEHBI HA W30THYTON OcH 7 W 00pa3yloT MeXAy co0O0i yroa
0, MPOUCXOAUT CyXKEHHE MEXIICKOBOTO MPOCTPAHCTBA B €€ 3aJHEiH
yacTu. [lo Mepe ABMKEHUS! OpYyIusi, IOBEPXHOCTHBIN CION MOYBBI,
cpe3aeMblii TUCKaMH, IPOXOJIs Yepe3 MEeKAUCKOBOE IPOCTPAHCTBO,
ToJiBepraeTcsl CKaTHIO IUCKaMH 6 M KPOIINTCS Ha Oojiee MeJkue
CTPYKTYPHBIE JIEMEHTHL. B Lensx Jydiiero KpoueHus MOYBEeHHbBIX
KOMKOB, 3a)aTHs M 3axXBaTbIBaHUS KOPHEH COPHBIX pPacTEHHI
JUCKAaMH B MEXKIHCKOBOM  IIPOCTPAHCTBE,  HEMOIBIXKHO
COCIMHEHHBIE MEXIy co0oil m oOpasyromue 0atapero, H30THYTHIE
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OCH 7 CEKUWH YCTaHaBIUBAIOT TaK, YTOOBI JIMHHM HX H3rHda
JIe)Kaau B OIHOM IUIOCKOCTH, OTKJIOHEHHONW OT BEpPTUKAIM B
CTOPOHY TOCTYMATEIBHOTO ABIXEHUS arperata Ve Ha yron ¢. Ilpu
BBIMOJTHEHUN 3TOTO  YCJIOBHS oOecrednBaeTcss MHHUMAIbHOE
MEXJIUCKOBOE PACCTOSIHUE Ha YPOBHE IMOBEPXHOCTH MOJS B 30HE
BBIXOJIa PEXKYIIECH KPOMKH JUCKOBBIX pab0YMX OPTraHOB W3 MOYBBL
Tem cambiM JocTHTaeTcst OoJyiee JIydlnee KPONIEHHE IIOYBBI U
3aXBaThIBaHUE KOPHEHN COPHBIX paCTEeHHUM.

[Ipu nanbHeimeM IBMKEHUH U BPALEHUH TUCKOBBIX pabounx
OpraHOB 3a)kaThle MEXIY HUMH KOPHH CODHBIX DPacTCHHH
M3BJICKAIOTCS M3 TOYBBI M BBHIOpAcHIBAIOTCS BMECTe C HEW Ha
MTOBEPXHOCTD HOJIA.

PortammonHoe opyame MoOXeT OBITh HCIOJIB30BAHO IS
MMOBEPXHOCTHOM 00pabOTKH MOYBBI, KaK OTHACIbHBIN arperar, Tak u
B COCTaBE KOMOMHUPOBAHHBIX TOYBOOOPAOATHIBAIOIINX MAIIIHH.

3. Bwieoowi

Takum 00pazom, B mporecce paboOThl, POTAIMOHHOE OpY/IHE
JUIS ~ TIOBEPXHOCTHOW  0OpabOTKM  TOYBBI  O0ECHeYMBaeT
3¢ dexTBHOE BbIYECHIBAHHE COPHIKOB, cOpachlBaHWe HX Ha
HEBHYIO TOBEPXHOCTh MOJS C OJHOBPEMEHHBIM KpOLICHHEM,
CO3JaHHEM MEJIKOKOMKOBAaTOH CTPYKTYypbl TMOYBBI, a TaKxke
MPUKATAaHHOTO CEeMEHHOTO JI0Ke TSt rnocena
CENTbCKOXO03IUCTBEHHBIX KYIBTYP.
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Abstract. This article presents the developments of scientific research institute of farm mechanization of Southern Ukraine under Tavria
State Agrotechnological University (Melitopol). They deal with complex implements as parts of power units with classical and integrated

arrangements and front hitch.
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1. Beeoenue

Crieuurkoil cenbCKOX03IUCTBEHHOTO MIPOU3BOJICTBA YKpau-
HBI SIBJIETCS HalIUYUEe MHOXKECTBA MENKUX Mpeanpustuii (c obpa-
OarbpiBaeMO¥ IUIOIAAEI0 moieit He Oonee 100 ra). Tak, Hampumep,
o 3amopoKCKON 00JIaCTH UX JOJSI cocTaBisieT 55,5%. W mo Hanm-
YHI0 TEXHUYECKHX CPEACTB OHM IIPAKTHUYECKH HE CHOCOOHBI KOH-
KypHpOBaTh C KPYIHBIMH X03s1iicTBaMH. Maible IpenpusiTys He B
COCTOSIHUM IIPUOOPECTH Y3KOCHEIHATN3UPOBAHHYIO TEXHUKY IS
BBIMIOJIHEHUSI BCEX CEJILCKOXO3AHCTBEHHBIX OMNEPAIMi COTIACHO
arpoTEXHOJIOTHYECKUX TPEOOBAHHH, a HCIOIB30BAHNE UMEIOIIUXCS
B HAIMYMH TEXHUYIECKHX CPEJCTB YACTO BEAET K 3HAUYUTEIBHOMY
YBEIMYEHHIO 3aTPaT, U, KaK CIEJCTBHUE, K MOBBIIICHHIO CEOECTOM-
MOCTH TOJIy4aeMOH MpPOIYKIMH ¥ CHIDKCHHIO PEHTA0ENbHOCTH.
OpHUM M3 TyTeil rapaHTHPOBAHHOTO IOBHINIEHHST pecypcochepe-
JKEHUS B CEJIbCKOXO3AHCTBEHHOM NPOU3BOJCTBE SIBIIETCS BHEIpE-
HHE KOMOWHHPOBAaHHBIX  MAIIMHHO-TPAKTOPHBIX  arperaTros
(KMTA). menHo Takue arperatsl COOTBETCTBYIOT MOTPEOHOCTIM
MaJbIX CEIbCKOX03SIICTBEHHBIX MPEANPUITHH.

O0beM TpUMEHEHHsT KOMOWHHPOBAHHBIX arperaToB B XO3sii-
CTBaX 3aBUCHT OT INPHUPOJHO-KIMMATHIECKHX YCIOBUH, (U3HUKO-
MEXaHMYECKUX CBOWCTB 00pa0aThIBaeMbIX IIOYB, NPHMEHSIEMOU B
XO3SMCTBE CHCTEMBI 3eMIICENNS, arpOTEeXHHYECKHX TpeOOBaHUH,
NpexbsBIIEMbIX K 00pabOTKe IOUBHI, IOCEBA, yXOJa 3a IIOCEBAMH
1 yOOPKH CEIbCKOXO3SMCTBEHHBIX KYJIBTYP, BOBMOXKHOCTH U IieJe-
C000pa3HOCTH COCAWHEHHS TEXHOJIOTHIECKHX OMEpaIHii, a Takke
HMEIOILEHCsI SHepreTrndeckoi 6a3sr [1, 2].

KomOnHMpOBaHHBIE MAMIMHHO-TPAKTOPHBIE arperarsl MOTYT
CO371aBaThCsI TPeMsI ITyTSIMH:

— TIOCJIe/IOBATENBHBIM COSJUHCHHEM MEXIy C000# C MOMOIIBIO
CIIENIOK OHOOTIEPAIMOHHBIX MAIINH / OpyIH;

— YCTAQHOBKOH Ha €IMHOI paMe IOCTOSHHBIX WM CMEHHBIX pabo-

YHUX OpPraHoB (MOHOOJIOYHBIE MAIINHEL / OPYAHNs);

— COCTaBIICHHEM H3 HECKOJBKUX OJHOONEPANMOHHBIX MAaIIMH /
OpYAUH, OJJHU U3 KOTOPHIX HABEUINBAIOTCS HA IIEPEAHUH, a Ipy-
THE — Ha 3aJHUI HAaBECHOH MEXaHU3MbI YHEPTeTHIECKOTO Cpell-
CTBa (CXeMa «TOJKAW-TSIHWY).

[epBblii myTs Hanbonee nerkuii B peurenny, T.K. KMTA kom-
IVICKTYIOT U3 UMEIOLIUXCS B XO3SIMCTBE OJHOONEPALMOHHBIX Ma-
IIWH / OpyIMi, KaK MpaBuiio, 0e3 MepeiesiKi WM ¢ He3HAYUTEIb-
HBbIMM KM3MeHeHusiMH. HelocTaTkom sBisieTcss BbICOKAas MeETalIo-
E€MKOCTb U 4acTO HECOBIAJICHUE IMIMPHUHBI 3aXBaTa C ONTHMAaJIbHOM
CKOPOCTBIO, YTO YCJIOXKHAET BBIOOpP ONTHMAIBHBIX IapaMETPOB
po6oTHI Takoro koMOuHUpOoBaHHOTO MTA.

Bropoif myTh HO3BOISET HCIONB30BaTh pabodme OpraHbl H
CEeKIIMH MAaIIWH / Opyaui B HE0OXOMMOM TEXHOIOTHYECKOM COoUe-
TaHud. Ho 3TO MpUBOOUT K 3HAUUTEIHHOMY YCIOXKHEHUIO KOHCT-
PYKIMU paMBbl, YaCTO YBEIMUYMBAET BEPOSTHOCTh 3a0MBaHMs pabo-
YHUX OPraHOB MOYBOH M PACTUTEIBHBIMU OCTAaTKAMM, CHH)KAET JKC-
IUTyaTal[MOHHYI0 HAaJEKHOCTh IO CPABHEHHUIO C OJHOOIEPAIMOH-
HBIMH MAaIIMHAMH / OPYAUSIMU.

HawnGonee mepcrekTHBHBIM HANpaBICHHEM, Ha HaIl B3IJLLA,
sBiseTcss nocyenuuii Bapuant Qopmuposanus KMTA. IMpenmy-
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[eCTBA TAKUX arperaroB 3aKIFOYAlOTCS B TOM, YTO Macca W TATO-
BOE CONPOTHBJICHHE (QPOHTAIBHO HABEIICHHBIX OPYIMH yBEIUYH-
BAlOT BEPTUKAJBbHYIO HAarpy3Ky Ha IepefHHe BEIyIHe Koieca
9HEPreTHYECKOr0 CPE/ICTBA, MOBBINIAS UX CLEIUICHHE C TMOYBOH U
yMeHblIasi OykcoBaHue. B pesynbTraTe ynydmialoTcs YCIOBHS HC-
MOJTb30BAaHUSI MOIITHOCTH HEPTETUYECKOTO CPEJICTBA 3a CUET Iepe-
pacrpeneneHuss Harpy3kd MO €ro MOCTaM, MOBBIIIACTCS MPOU3BO-
JITEBHOCTh TPY/Aa M CHIDKACTCS YICTbHBIA pacxoj TommBa. Bo
MHOTHX CIIy4YasX CHIDKAFOTCS METAJUIOEMKOCTh M KHHEMAaTHYCCKas
JUTHHA arperara, 4To MPUBOAUT K YMEHBIICHUIO IIUPUHBI TIOBOPOT-
HOU MMOJIOCHI U HEMTPOU3BOIUTEIIBHBIX 3aTPAT BPEMEHHU.

Opnnako s cocrapinennss KMTA 1o Takoit cxeme Tpedyercs
SHEPTEeTHYECKOE CPEICTBO C MEPEIHUM HABECHBIM MEXaHHU3MOM H,
JKeJIaTeIbHO, OCHAIICHHOE EPEeIHUM BajOM 0TOOpa MOIIHOCTH.

2. Ilpeonocoviiku u cpeocmea O0na pewieHus
npooemol

JUIs MOCTHXKEHHS TOJOKUTENIBHOTO d(PdeKTa OT MpUMEHEHHS
KMTA [0JiKHBI BBITOJHATBCS Clieyrolne TpedoBanus [3, 4]:
— DHEProeMKOCTh TEXHOJOTHYECKOTO IPOLECCa, BITOJIHEHHOTO
KOMOMHHPOBaHHBIM arperaToM, JIO/DKHA ObITh MeHbLIEe OOLIei
SHEPrOEMKOCTU TPU BBINOJHEHUH €r0 OJHOONEPAIMOHHBIMH Ma-
IIMHAMH;
— MPOU3BOJHUTEIBLHOCTD TPyJa AOJDKHA OBITH BBINIE, YEM y COOT-
BETCTBYIOIIHMX OJHOOIEPAI[HOHHBIX MaIllHH;
— KaueCTBEHHBIE ITOKA3aTeIN PAOOTHI IOJDKHBI OBITH HE HIDKE, YeM
QHAJIOTHYHBIC [TOKA3aTEeJIM COOTBETCTBYIOIINX OJHOONEPAMOHHBIX
Malll}H;
— IPUCTIOCOOTEHHOCTH AJ1s1 pabOTHI B HEOJIATONPHUATHBIX MOTOJHBIX
u nouBeHHbIX yciaoBusix KMTA nomkHa OBITH Takas ke, Kak U 'y
arperaros ¢ OJ{HOONCPALMOHHBIMU MallIMHAMU;
— COXpaHEHHUE IIJI0JI0PO/IMS OUBbI;
— o0ecrieueHne yI0BIETBOPHTEIbHON MaHEBPECHHOCTH.

3. Pewenue paccmampusaemoii npoodiemol

VY4eHBIMH HAy4HO-HCCIIEJOBATEIFCKOTO HHCTUTYTa MEXaHH-
3anyy fora YKpauHbl IpH TaBpHUECKOM TOCYZapCTBEHHOM arpo-
texHonorndeckoMm yHuBepcurere (TTATY) COBMECTHO ¢ IOXKHBIM
¢unnanom HaunoHansHOro HayqHOro reHTpa «/IHCTUTYT MeXaHH-
3alUM U 3IEKTPUGUKALUH CETBCKOTO XO3sHCTBa» ObLI pa3paboTaH
PAA cXeM MepCreKTHBHBIX KoMOMHUpoBaHHBIX MTA Ha 6a3e uHTe-
rpaibHOrO TpakTopa (puc.l).

Cerongus YkpanHa BBITYCKaeT TPaKTOpa MHTETPATLHOH KOM-
naHoBku cemeiictBa XT3-160, koTopsle OTBeYarOT cHOPMYIUPO-
BaHHBIM BBIIIE TPEOOBAHMSM, a TAKKe 000PYIOBAaHEl PEBEPCHBHBIM
IIOCTOM YIpaBJIeHHs M PEeBepCUBHOM TpaHcMuccuedl. Ha ux Gase
Oobutn  cosnanbl 3¢ dextuBHble KMTA, KOTOpBIE 32 0OAMH HPOXOX
BBIMIOJTHSIOT KaK MHHUMYM J[BE TEXHOJIOTHUYECKHe omeparnuu. IIpo-
U3BOCTBEHHYIO MPOBEPKY OHU MPOIILIH HA MOJISIX I0XKHOTO (HIHa-
na HaroHansHOTo Hay4qHOTO IEHTpa «MHCTHTYT MeXaHU3aLHN H
INMEKTPUGHUKAIIH CENBCKOTO XO3SHCTBaY.



\¢/

a)

)
L1

0 & & o U

) 3)
K) )

Puc. 1. Cxemst KMTA Ha 6a3e HHTETpansHOTO TPaKTOpa:
a — >KaTBEHHO-IYNIWIbHBIH; O — JHUCKOBOYHO-KYJIHTUBATOPHBIN;
B — JJUCKOBOYHO-YH3EJIHEIN; T — KOTKOBAIEHO-TIOCEBHOM; I — (hpe-
3epHO-TIOCEBHOM; € — KyJIbTUBAaTOPHO-TIOCEBHOI; X — ynabpuBato-
IIe-axXOTHBIN; 3 — ynabpuBarole-IUCKOBOUHBIN; K — HU3MENb4H-
TEeNBbHO-MTAXOTHBIN; JT — MAaXOTHBIH 10 cxeme «push — pull».
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4. Pe3ynbmamol u OucKyccus

OpHa U3 caMBIX OCTPBIX NMPOOJIEM B CEIBCKOM XO03stiicTBE YK-
pauHBI — cOOp 3€pHOBBIX KOJIOCOBBIX KYJIBTYP, @ HIMEHHO KOIIEHHUE
UX B BAJIKM MPHULENHBIMH MM HABECHBIMHM BAJKOBBIMU >KaTKaMH.
370 BBI3BAHO HEOOXOAMMOCTBIO HEMEUICHHOTO MPOBEJICHHS MOCIIe
yOOpKH ypoxas JyLIeHHs C.-X. KyIbTyp. YBEIHUYEHHE pa3phIBa
MEXIy 3TOH omepauueil ¥ mog0OpOM BaJKOB MPUBOAMT K 3HAUU-
TEJILHOW TOTepe IOYBEHHOH Biard. l30exarh 3TOr0 BO3MOXHO
ITyTEM COBMEIIEHHS ONepalii KOMIEHHS C.-X. KYJIBTYp B BAJIKH U
JIYIICHUS] MEXBAJIIKOBOTO IpOCTpaHCTBa. st 9TOr0 Ha 0ase WHTe-
IpajIbHOTO TPaKTopa OB pa3paboTaH KAaTBEHHO-TYLIHIBHBIN arpe-
rar (puc. 2). Jlns nydmei o63oproctu xatku JKBH-6b snepro-
CPE/ICTBO TEPEHACTPAUBAIOT HAa PEBEPCHUBHOE IBIKECHHE: HKATKY
MIPUCOEUHSIOT K MEepPEeIHEMY HABECHOMY MEXaHM3MY IIPU MOMOIIN
amanTepa, pazpadoranHoro OAO «bepasHCKcenbMal», a Ha 3al-
Huii — uckoByro 6opony BITH-3 (puc. 3) [5].

g 3 ""=-,_,

Puc. 2. Karsenno-nyumibabiit KMTA npu HacTpoiike sHepro-
CpPEZCTBA MPSMBIM XOJJOM
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Puc. 3. XKarsenno-mymmisastit KMTA npu HacTpoiike sHepro-
CpeCTBA PEBEPCUBHBIM XOJ0M

JIabGopaTopHO-TI0JIEBbIE UCIIBITAHUS TIPOBOJIMIINCH HA BYX ap-
rooHax: cynaHckas Tpasa U oBec. llluprHa HeB3JIyLIEHHON MOJIO-
cbl coctaBria 1,08 M u 17151 1,79 M COOTBETCTBEHHO. Y CTAaHOBJICHO,
YTO Ha B3JIYIIEHHOM y4YacTKe BIa)KHOCTb IOYBHI Ha 1,5 — 2 % BbI-
mre. DTa pasHHIA MOXKET OBITh YBENHUYEHa ITyTeM BKIIOYECHHS B
COCTaB JAWCKOBOTO OpyAusi OOPOHOK JUIsi BBIPABHHBAHMS MHKpO-
pernbeda B 00paboTaHHOTO MEXBAJIKOBOTO IPOCTPAHCTBA.

[Ipu y6opke rpybocTedenbHBIX KyIbTyp (TOICOTHEYHHKA U
KYKypy3bl) BO3HHKAaeT HE MEHee BaKHas mpoOiieMa — OTHOCH-
TEJIFHO BBICOKAsl CTEPHSA, KOTOPYIO Iepell OCHOBHOH 00paboTKoOit
cregyer m3MenbuuTh. OOBIYHO Cpasy HPOBOIST OAHO WM IBY-
KpaTHOe JUCKOBaHME arpo()oHa, a MOTOM BBINOJHSIIOT €r0 OCHOB-
HyI0 00paboTKy. /17151 OTHOBPEMEHHOTO BBIIOJHEHHMS 3THX OIepa-
i K.T.H. MuTtkoBeiM B.B. ObuT pa3zpaGoTaH W3MeNbUYUTETHHO-
MaXOTHBIH KOMOMHUPOBAHHBIA arperat (puc.4), COCTOSAIUN u3
3agHeHaBecHoro miyra tuna [IJIH u ¢ppoHTansHOrO M3MensuuTess
cTepHH 1o ycioBHOM mapkoit [IPP-1,5 ¢ mmpuHoit 3axBara 1,5m,
npuBoAUMOro oT mepeauero BOM Ttpakropa. MccnenoBanus mpo-
BOJIHJIN 1IOCNIE YOOPKH IOACONHEYHNKA. ATperaT ABUTalCs MPaBbl-
MH KoJiecaMu B 60po3Jie co ckopocTbio 2 M/c. [linyr ¢ paboueii mu-
puHO# 3axBara 1,38 M Gbul HacTpoeH Ha riryouny 25 cMm. CrepHs
u3Menpyanach Ha gpaxuuu, 6oabmKMHCTBO YacThl (41,3 %) umenu
iy 10 15 e [6].

Taxxe B IPON3BOJCTBEHHBIX YCIOBHSAX OBUIN HCIIBITAHBI JHIC-
KOBOYHO-YHU3ENBHBIN U TUCKOBOYHO-KYIbTUBATOpHBII KMTA.



Puc. 4. U3menpuntenbHo-naxotHeii KMTA

TexHonoruueckasl 4acTb NMEPBOrO COCTOMT M3 IIIyra-um3els
IT4-2,5 u nuckooit 6oponst BIH-3 (puc.5), a BToporo — HaBecHO-
r0o KyJIETHBATOpa-INIOCKOpe3a ¢ pabounMy OpraHaMu OT KyJIETHBA-
topa KII3-3,8 u nuckoBoii 60pons! (prc.6). 3a cuer yCTaHOBKH Ha
nepeHeil HaBECHON MeXaHM3M TpakTopa quckoBoi 6oponsr B/IH-
3 yBenmumMBaeTCs IOrpy3ka IEpeaHero MOCTa TPAKTOpa, 4To IpH-
BOJHUT K yMEHbIIeHHI0 OykcoBaHus konec. IlosTomy mpu arpera-
THPOBAHHH CEIbCKOX03sicTBeHHbIX opyamid ([TY-2,5 + BJIH-3)
MOIIHOCTHU JIBUTATENs SHEPTETHUECKOTO CPEACTBA JOCTATOUHO IS
MIPOBEACHUST OJHOBPEMEHHO JBYX CEJbCKOXO3SIHCTBEHHBIX OIEpa-
. Pe3ynbTaTel poOOTHI MOKa3aid, YTO MX HCIIOJIb30BaHHUE IIO-
3BOJIAET CHU3UTH 3aTparhl TomIMBa Ha 31 — 39% no cpaBHEHUIO C
IIPOBEICHHUEM JIBYX OIIEpalnil OTACNBHO.

OmHMM W3 BapHaHTOB HCIIOJIL30BAHMS TPAKTOpa ceMelcTBa
XT3-160 o nepcneKTUBHON CXeMe «TOJKAN-TSHW SIBISETCS KOM-
OMHAIVST TEXHOJIOTHMYECKUX IIPOIECCOB BHECEHHS MHIHEpPAIbHBIX
yAOOpEeHuil U UX 3aleNIKi B MOYBY. B peanbHBIX yCIOBHAX XO3si-
CTBOBaHMA 3TH ONeEPaMi OOBIYHO OCYIIECTBIISIOT OTAEIBHO COOT-
BercTByromMu MTA. Yacto ¢ cymiecTBeHHON pa3HHUIIEH BO Bpe-
MEHH, YTO SIBISIETCS HEXKENATENbHBIM, OCKONbKY OMpEICICHHBIE
MHHEpaJbHbIE yIOOpEeHUs IOCiIe MX BHECCHUs TpeOylT HeMen-
JICHHOH 3a/ienky B HouBy. Ciemyer NMoq4epKHyTh, YTO MPU MOCEBE
C.-X. KyJIbTYp 3TH OIlepalliy IPOMCXOIAT OTHOBpEeMeHHo. [t ox-
HOBPEMEHHOT'O BHECEHHs MUHEPAIBHBIX YHXOOPEHUH U 3aleNKu UX
B MOYBY II€J€COO0OPA3HO HCIIOIB30BATh arperaT Ha OCHOBE TPAKTO-
pa cepun XT3-160, B coctaB KOTOpOro BXOIAT (POHTAIBHO HaBe-
IIEHHBIN pa30pachIBaTeNb yIOOPEHUH U 3aJHEHABECHOE WM IIPU-
LIEMHOE MoYBooOpadarTkiBatoniee opyane. B kadecTse mocnenHero
MOXKHO HCHOJIB30BaTh IUIYT, AWCKOBBII JIYNIMIBHUK WIH OOpOHY,
KyJIBTHBATOP JUIS CIUIONIHOM 00paboTKK moUBsI [7].

PaspaboTanHblii B HamleM YHHUBEPCHTETe yHOOpHBAIOIIe-
naxoTHbIi KMTA coctouT u3 uHTerpanpHoro Tpakropa XT3-16231,
mwryra [IJIH-5-35 wu pasOpackiBaTenss MHUHEpaIbHBIX YHOOpEHHUi
(puc.7). MuHNMAaITbHAS [IMPUHA 3aXBaTa Pa3OpachIBaTENsl COCTABI-
et 6 m, Toraa kak y mwiyra [IJTH-5-35 ona He npessimaer 1,8 m. st
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COTJIaCOBaHWS INMPHHBI 3aXBaTa YYCHBIMH YHUBEPCHUTETa ObLIH
pa3paboTaHBI CliennaibHbIe perynupyemble orpannautend. [Ipex-
BapUTENbHBIE WX HCIBITAHUS ITTOKA3aJH, YTO PAaBHOMEPHOCTH BHE-
CEeHUsI MUHEPATBbHBIX YAOOPEHHH ITPH 3TOM He yXy/IIaeTcs.

—

Puc. 7. Y nobpusaromie-naxotasiit KMTA

K arperatam, KOTOpbIE HCIOJB3YIOT (POHTAIBHBIC OPYAHS,
Takxke OTHOcHTCS W maxoTHeii MTA mo cxeme «push — pull»
(puc.8), TexHOJOrHYECKass YacTh KOTOPOTO MPEACTAaBICHA IBYX-
KOPITYCHBIM (DPOHTAJBHBIM M IIATHKOPIIYCHBIM 3a[HECHABECHBIM
wiyramu [8]. [l mpoBeneHus 1aGOPaTOPHO-MONIEBBIX HCCICAOBA-
HUI ObUT pa3paboTaH U M3rOTOBJIEH ONBITHBIN 00pasen GppoHTaNb-
HOTO JIBYXKOPITyCHOI'O ILTyra Hoj ycioBHOI Mapkoi ITJIH-2-35.
TIpu ero arperaTMUpOBaHUU TPAKTOP NEPECTPAUBAIOT HA PEBEPCHB-
HOE JIBIDKCHHE.

CpaBHHUTENbHBIC HCTbITaHMs Moo st MTA B cocraBe
HMHTETPANBHOTO TPaKTOpa W 3agHeHaBecHbIX Iuryros I[1JIH-4-35
(0+4), TIJTH-5-35 (0+5), a Takke MTA mo cxeme «push — pull» —
IIJTH-2-35 + TIJIH-4-35 (2+4). Bce muiyru ObLIM HACTPOCHBI Ha
OOHY W Ty e rinyomHy Bemamku - 27 oM. Ee cpen-
HEKBaJpaTHYEeCKOE OTKIOHEHUE KaX[bIM arperaroM He MpeBbllla-
JI0 arpOTeXHUUECKUX TpeboBaHUH (+2cM) u coctaBmio: st MTA
o cxeme (0+4) — +£1,74 cm; qs MTA o cxeme (0+5) — +£1,52¢wm;
it MTA no cxeme (2+4) — £1,88cm.  Ilpu oguHakoBoif rayOunHe
BCHALIKK AelicTBUTeNbHas mupuHa 3axBata KMTA mo cxeme 2+4
6bu1a Ha 21,3% Goabiue no cpaBHenuto ¢ MTA ¢ muyrom ITJTH-5-
35, a NpOM3BOJMTENBHOCTD 3a | Yac YUCTOrO BPEMEHH arperaTtom
mo cxeme (2+4) okazanacek Oomnbineit Ha 20,2%. BykcoBanue nBu-
JKUTENEeH Tpu paboTe ¢ LICCThIO KOPIyCaMy HE MPEBBILIANO arpo-
TEXHUYECKH JOMYCTHMBIN ypoBeHb (18...20%).

Puc. 8. [Naxoruerit MTA no xeMe «push — pull»

KomOunnpoBaHHbIe arperaTbl Ha 0a3e TpPaKTOPOB KJAacCH-
YeCKON KOMMAHOBKU HCTIOIB3YIOTCSI 3HAYMTEIBHO MEHBIIIE, TI03TO-
MY PEKOMEHJALUH MO UX HCHONb30BAHHIO NMPAKTHYECKH HE CyIIle-
cryet. [ coznanus takux KMTA HeoOX0IMMBI HOBBIE TPAKTO-
pa ¢ mepeJHUM HaBECHBIM YCTpOHcTBOM. B0o3MOXKHOCTH OCHamie-
HUS UMEIOLIMXCA B XO35ICTBaX TPAKTOPOB KJIACCUYECKOM KOMIIO-
HOBKM TaKUMHU MEXaHU3MaMH 3HAYUTEIBHO PACHIMPHUT UX BO3MOX-
HOCTH TIPUMEHEHUS.

CeronHst B GOJIBLIMHCTBE XO3SIMCTB MMEIOTCS TPAKTOpa Kiac-
cuueckoit kommanoBku Mapku MT3. Ha ocHOBaHMM mpOBEAEHHBIX
HCCIeA0BaHUN OBUIO MPEIIOKEHO yCOBEPIICHCTBOBAHHE MX KOH-
CTPYKLUH, ITyTeM NPUCOCIUHEHUS K paMe TPaKTopa - HEepeIHEro
HABECHOI'0 MEXaHU3Ma C FHPABIMYECKUM MPUBOAOM AJIS IIPUCOE-
JIUHEHUs K HeMy IUIeida celbCKOXO3SHCTBEeHHBIX opynuil. Ile-
penHUi HaBeCHON MEXaHU3M K OCHOBHOW paMme TpakTopa IpHcoe-
JUHAIOT 4epe3 MepexoiHyro paMmky. Ha Hee ycTaHaBiuBaroT me-
penHre pelyaru MoabeMa, MePeqHIO IEHTPATbHYIO TATY U THIPO-
OUIAHAP. [l HafeKHOTO 3aKpEIUICHUs] MEPEXOAHYI0 PaMKy CO-



CAMHAIOT C OJIOKOM KOPOOKM Tepenad MpU IOMOLIHM PACIOPHBIX
iaHok [9].

IlpuBox mepennero Bama oTOOpa MOIIHOCTH Ha TPaKToOpe
MT3-82 ocymuiecTBIsUICS THAPOMOTOPOM, KOTOPBIN MPUBOIAMUTCS B
JeHicTBHE OT MAaclIsIHOIO HAacoca, yCTaHOBJIEHHOro Ha 3agHeM BOM
Tpaktopa. [lns mpuBeneHWe B JeWCTBHE (PPOHTAIBHBIX OpYyAHit
aKTHBHOTO THIA, Ha 0a3e TpaKTOopa KIACCHYECKOIl KOMITOHOBKH,
HY)XKHO YCOBEpIIEHCTBOBATh CYIIECTBYIOUIYIO THAPABINYECKYIO
CHCTEMY TPAKTOPA.

Hayunoit naboparopueii «MaInHOUCTIONB30BAHUE B 3EMIIC-
nemun» HUW mexanmsauuu rora Ykpaunsl npu TTATY, ans pac-
mUpeHnst GyHKIHOHANBHBIX BO3MOXKHOCTEH TPAaKTOPOB KiaccHude-
CKOM KOMIOHOBKH, ObLT pa3pa0oTaH mepenHHil HaBECHOH Mexa-
HU3M, Ha 6aze KoTophix co3naHo psiu KMTA [10].

IIpn BEIpamMBaHUM C.X. KYJBTYp WIHPOKO PacHpOCTPaHCHBI
KHUAKHAE yNOOpeHHs, KOTOphle HEOOXOIMMO BHOCHTH B IIOYBY C
OJTHOBPEMEHHBIM HX 3a/ieNIbIBaHUEM. [ 3TOro HEOOXOAMMO Kak
MHHHMYM JBa arperara. OOBbeIUHHUTH 3TH 2 ONEpalul MOXKHO C
nomonibio KMTA Ha Gase tpaktopa mapku MT3 (puc. 9). s
3TOTO Ha MEepeJHNI HABECHOH MEXaHU3M YCTaHABIHBATHCS OMPBI-
ckuBarenb «PeHay» ¢ mmpuHOW 3axBara 14 MeTpoB, a c3amu - 60-
poHa 3youaro-npyxuna b3I1 ¢ mmpuHoii 3axBata 15 MeTpos.

Puc. 9. KMTA ni1s BHeceHus: TepOULMIOB U
MPEANOCeBHOI 00paboTKH

ITpu UCTIOIB30BaHHUHU TOTO arperara:

- IepeKpHITHS ITpU GOpPOHOBAHMU cocTaBisieT He Gonee 0,5 m;

- COKpaIaeTcsl pacxXoj TOIUIMBA 33 CUET UCIIONB30BaHuUs | arperara
B OTIMYMH OT UCIIOJB30BaHHSA ABYX (OopoHoBanme - 1,4 m/ra u
BHECEHUH ynooOpeHuit 1,4 n/ra);

- 6osee 3((eKTUBHO HCMOIBb3YETCsI TPAKTOP, 3a CUET arperaTupo-
BaHUA JIBYX HE HEPrOHACHILICHHBIX OINEPALMil B COCTaBE OJJHOTO
MTA.

YcranoBka Ha TpakTop Mapku MT3 nepenHero HaBeCHOTO Me-
XaHH3Ma M03BOJISIET BHOCUTH I'PaHyJIMPOBAHHbBIE YAOOPEHHUS C I10-
MOIIBIO MAIIMHBI Al BHeceHMs1 ynobOpennit MBY-800 u mposo-
JIUTH TI0CEB C IOMOIIBIO CLENKH C JBYMS 3€pHOBBIMU CESUIKAMH
(puc. 10). Takoe oObenUHEHNE C.X. OpPYAHH ITO3BOJISIET OJHOBpE-
MEHHO NPOBOANTH 3aIPaBKy arperara, a TakkKe YMEHBIIUTh PacXo.
toruBa (pazopaceiBanus 1,0 1/ra, noces 2,3 n/ra).

Puc. 10. KMTA a5 BHeceHUst y0OpeHHIi 1 TIOCEBa 3ePHOBBIX

Jlnst u3MenbUeHNs PacTUTENbHBIX OCTaTKOB MOcie yOOpKH
MIPOTANIHEIX KYJIBTYP U UX 3aJIKH B ITOYBY MOXKHO HCIOJIB30BaTh
TpakTop Mapku MT3 ¢ GppoHTAIBHEIM N3METBYUTETIEM PACTUTENb-
HbIX ocratkoB [IPP-1,5 (mmpwuna 3axBara 1,5 M) u ¢ 3agHepacno-
nokenubM ryrom ITIUTH 3-35 (puc. 11). 310 MO3BOJMT 32 OJMH
MPOXOJ arperata IO MOJMI0 TPOBECTH H3MENbUYEHHS CTEPHU H
BCTIAILIKY, TTOCJIE YETO BECEHHHUH IOCEB MPOBOAUTCS Oe3 3a0uBaHUs
paboyux OpraHoB CesUIKH.
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Puc. 11. U3menpuarome-naxotHbiii KMTA

5. 3axnrouenue

Takum 06pa3zoM, UCTIOIb30BaHIE KOMOMHHPOBAHHBIX MAallHH-
HO-TPAKTOPHBIX arperaTtoB Ha 0a3e TPaKTOPOB WHTETPANbHON MU
KJTaCCHYECKO KOMIOHOBKH MO3BOJISAET:

- CHU3UTB PacXo]l TOIUINBA P OJJHOBPEMEHHOM BBHIOHEHUH JBYX
CEIIbCKOXO03SHICTBEHHBIX OTIEPaltii, 32 CUeT yMEHBIICHUS KOJIUe-
CTBa IIPOXOJIOB arperaTos I10 IOJIIO;

- CHM3UTH HETAaTHBHOE BIIMSIHUE YIUIOTHEHHS ITOYBHI 33 CUET 00be-
JIMHEHUS OTIepaLvii;

- JOTPY3UTh HEPEAHIOI0 OCh TPAKTOpa, YTO CHWXKAET OyKCOBaHUE
KOJIEC TPAaKTOpa M MO3BOJIsieT Oojee 3(PPEKTUBHO €ro MCIOJIB30-
BaTh.

Hanuure nepeaHero HaBeCHOTO MEXaHU3Ma y TPaKTOpa Kiac-
CHYECKOH KOMIIOHOBKH ITO3BOJIUT HMCIIOJIB30BATh €TI0 IPH KOMILIEK-
toBaundt KMTA c¢ ¢QpoHTaIBHEIM pacrojoXEeHHEM OpYIH.
CToMMOCTh MEXaHW3Ma M €r0 YCTaHOBKAa 3HAYHMTENHHO YCTYIaeT
MOKYIIKE HOBOTO TPaKTOpa. DTO CHOCOOCTBYET MOBBINICHUIO (-
(heKTUBHOCTH HCTIONB30BAHUS CYHIECTBYIOMNX B XO35MCTBaX Tpak-
TOPOB TPH MPOBEAECHUHU CETbCKOXO3SMHCTBEHHBIX TEXHOIOTHIECKIX
omeparuii.
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