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When organizing the production cycle of the agro-industrial complex in
terms of transport servicegrain transportationaccording to the scheme of reversible
trailers (Fig. 1), they sought to build a technological process in such a way that the
operation of cleaning machines does not depend on transport [1], that is, the
tractor-tractor delivers an empty trailer to the field on time, without participating
in the grain collection process, picks up the loaded trailer and transports it to post-
harvest grain processing [2].

The analysis of mileage data in the case of random distribution of threshing
places of the hopper of grain harvesters using satellite navigation (positioning) [3]
and monitoring [4] systems made it possible to identify rational options for the
laying of unloading lines. So, when the length of the run is less than 2000 m and
the yield does not exceed 6 t/ha, it is advisable to lay one unloading main with
coordinates of 0.5 Ip (where Ip is the working length of the run), when the length
of the run is from 2000 m and the yield is more than 60 t/ha, it is advisable lay
three highways, one of which in the middle of the field fence will have coordinates
of 0.5 Ir, and the lateral ones, located on the edges of the field fence, will be laid
at a distance of 0.17 Ir, which ensures a 3-fold reduction in the average mileage of
the vehicle on the field — respectively 145 and 462 m [5]. As a result of
experimental studies, taking into account the above, the dependences of the
indicators of the efficiency of the collection and transport system on the change in
the number of tractor-tractors in the system for transportation by direct and
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reversible trailers were obtained [6]. Analysis of these results shows that with an
increase in the number of tractors in the system, the vehicle idle rate decreases,
and the productivity of the collection and transport system increases [7]. At the
same time, the point of maximum productivity of the collection and transport
system also determines the rational number of tractors in the system [8].

Fig. 1. The process of transport service with reversible trailers

The use of reversible trailers for the transport service of the harvesting and
transportation system of grain transportation reduces the required number of
tractor-tractors by m units [9], while the downtime rates of grain-harvesting
combines and tractor-tractors decrease depending on the distance of transportation.
At the same time, as the transportation distance increases, the downtime ratio of
grain harvesters, both theoretical and experimental, increases, while that of tractor-
tractors decreases [10]. At the same time, on the condition that the maximum value
of the productivity of the collection and transport system is reached at Kk—0 (Kk
1s the idle ratio of harvesters, it is the ratio of the average number of idle harvesters
to their total number and estimates the loss of time due to waiting for transport),
and based on this, it is possible to define rational transportation distance L=5 km,
in which Kk <0.05, Kt <0.10, flow coefficient € = 0.93.

Experimental studies of transportation by reversible trailers were carried out
on fields with a yield of up to 5 t/ha, 6 t/ha to 7 t/ha, with a transportation distance
of 2 to 6 km. In all variants, T-150K tractors with OZTP-9557 trailers were used
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as vehicles. The analysis of the results of shift time allows us to reveal that the
percentage of time of operation of the collection and transport system is 64.5—
81.8%, the time for eliminating technical malfunctions is 2.3—-8.9%, the time for
unloading the combine hopper is 14.6—18%, idle time waiting for a free trailer 1.3—
8.6%. For tractor-tractors, the percentage of time for uncoupling and coupling the
trailer is 2.3-11.6%, driving time 49.8—-55.2%, unloading time for post-harvest
processing of grain 13.5-21.2%, troubleshooting time 0.2—1.9%, idle time waiting
for a loaded trailer 10.5-34.4%.

Table 1
Indicators of the collection and transport system of grain transportation during
transportation by reversible trailers

Indicators 1 2 3 4 5 6
Productivity, t/ha 42 | 42 | 42 | 42 | 52 | 5.2
Transportation distance.km 4 4 2 2 3 3
Numbertractors, pcs. 1 1 | 1 2 2
Numbertrailers, pcs. 2 2 2 2 2 2

The coefficient of downtime of the | 44 | 6.2 | 39 | 55 | 59 | 7.3
combine, %

Vehicle idle rate,% 88 | 79 | 81 | 6,7 | 7.3 | 5,6
Productivitycollection and 116 | 102 | 178 | 159 | 228 | 207
transport system,t/shift

Fig. 2. The process of transport service using heavy-duty loader trailers.

The indicators of theoretical and experimental data are presented in the
table. The calculated results of theoretical studies are close to the experimental
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ones. The analysis of comparative data of transportation options allows us to draw
conclusions that the number of vehicles (tractors) required for transportation with
reversible trailers is 25% less than with straight-through trailers. Thus, the
transport service of harvesting machines according to the scheme of reversible
trailers with the use of positioning and monitoring makes it possible to make the
work of the collection and transport system of grain transportation independent of
the work of tractor-tractors, which, with a transportation distance of up to 5 km,
allows to increase the productivity of the collection and transport system of grain
transportation itself grain by 4.9%.

In order to reduce the idle time of grain harvesters and the need for vehicles,
to increase the productivity of the system, in our work, experimental studies of the
technological scheme of the transport service of harvesters with grain overloading
by a heavy-duty trailer-transloader, which is aggregated with a tractor-tractor with
the use of positioning and monitoring, were conducted in our work (Fig. 2).

For the analysis of experimental studies presented in fig. 2 of the harvesting
and transport system used data on the time of threshing of grain harvesters' hoppers
with their random distribution, the number of vehicles, their carrying capacity and
circulation time, the volume of the loader trailer's hopper. The final result of the
experimental studies was the idle time of grain harvesters and vehicles, the
productivity of the harvesting and transport system. The result of the analysis of
the obtained dependencies is that the use of heavy-duty trailer-transloaders reduces
the required number of vehicles by 2-3 units. At the same time, the coefficient of
downtime of grain harvesters when organizing transport service with grain
overloading by a loader trailer is 2-7%, the vehicle does not exceed 10%, the
productivity of the harvesting and transport system is 7-18% higher.

Conclusion. The intensification of the transport process of grain
transportation when serviced by reversible trailers is possible with the
organization of transport service of harvesting machines according to the
transshipment scheme with positioning and monitoring and the introduction of a
heavy-duty trailer-transloader.

The solution to the problem of the rational use of rolling stock in the
technology of grain transportation as an agricultural product requires the
development of a system of indicators characterizing the efficiency of the use of
vehicles in specific operating conditions. The application of the system of
indicators will create an opportunity to objectively identify which operations of
the transportation process have the greatest energy losses of the vehicle, and to
determine reserves for increasing the efficiency of the use of rolling stock.
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