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Abstract. This work substantiates the rational structure of the repair and maintenance base of
agricultural machinery, methods for determining the needs for material and technical means,
taking into account the appropriate proportions between the links of the repair network. The
maintenance and restoration of the operability of tractors and other agricultural machines in
sufficient limits is ensured, as is known, with the help of a system of maintenance and repair,
which provides for the implementation of preventive maintenance operations and the conduct
of routine and major repairs of machines in a planned manner. The established system of
maintenance and repair, the creation of a material and technical basis for its implementation, as
well as a continuous process of improving the qualifications of machine operators and repair
personnel, contribute to the effective use of equipment in agriculture. At the same time, there
are significant disadvantages in the use of tractors and agricultural machines. The analysis of
the results of numerous studies of VIMa, ChIMESXa and other organizations made it possible
to identify and systematize the loss of time due to machine downtime. In particular, machine
downtime for regulated maintenance is 10-15% of the shift time, for technical malfunctions -
from 5-8% for plowing, up to 30% for harvesting crops. The volume of work on the repair of
cars in the country as a whole is more than 2 times higher than the standard. The efficiency of
maintenance and repair of machines largely depends on the level of the material and technical
base of these works - the availability of modern equipment and tooling, industrial buildings,
warehouses, and other structures, inventories, means of transport and communications.

1. Introduction
Modern views on the system and methods of organizing maintenance and repair of machines are based
on long and numerous studies. The scientific foundations and the general theory of the loss and
restoration of the working capacity of tractors and agricultural machines were developed in the works
of V.I. Kazartsev, A.L. Selivanov, L.S. Levitsky, LLE. Ulman, M.M. Severiev, D.G. Vadnvasov, and on
cars, in the works of V.V. Efremov, K.G. Koshkin, L.V. Dekhterinsky. The study of published works,
analysis of the shortcomings of the existing system, and generalization of advanced domestic and
foreign experience made it possible to define in a new way the ways and main directions of
improvement in maintenance and repair.

To study the patterns of changes in the main technical and economic indicators of the use of
machines, the data of the Tselinny branch of GOSNITI, obtained as a result of eight years of
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monitoring the work of a large group of tracked tractors of the 3™ class, were analyzed. These data
indicate a constant decrease in their post-repair resources as the operating time increases and the
number of bulkheads increases. Despite the increase in the number of repairs, the average shift
operating time of these tractors by their average service life (4 years) decreases by 10% in comparison
with the operating time in the first years of operation. The number of shifts worked by tractors after 4
years is reduced by 20%, the annual operating time by 27% [1, 2, 3, 4]. By the amortization service
life of tractors (8 years), such indicators change and the rate of deterioration is almost twofold. The
consumption of spare parts by the average service life of tractors increases 2-3 times for transmission
parts, 4-5 times for road wheels, and 8-10 times for cylinder-piston group parts.

Along with a decrease in the productivity of tractors, it was noted that the consumption of funds
and the labor intensity of repair work on tractors change linearly as they age, increasing at the end of
the depreciation period by about 2.5 times compared with the indicators of the second year of
operation [5]. Similar indicators were noted when observing the operation of combine harvesters and
other machines. Consequently, the applied system and methods of maintenance and repair of
machines and the performed repair actions do not ensure the maintenance and restoration of their
normal performance.

This happens in many cases because the existing system is based on a simple relationship between
the operating time of machines and their need for repair effects. The system does not sufficiently
reflect the structural and technological properties of various machines and the patterns of their wear,
does not take into account the whole variety of conditions of their operation and the influence of
random factors on the change in the state of machines [5, 6]. Such a system does not contain justified
methods for determining the time points for performing the required maintenance and repair
operations, which is one of the sources of violation of the regulations and the content of repair actions
[7, 8, 9]. The production conditions of maintenance and repair also often do not correspond to the
actual needs of the machines.

Thus, the improvement of the existing system and methods of maintenance and repair of machines
is an important national economic problem. This became especially evident in connection with the
broad statement in the research of a more modern, probabilistic approach in the study of the
phenomena of wear and identification of the needs of machines for repair effects.

2. Materials and methods

The object of the study was certain constructive and technological properties of machines, wear
characteristics and indicators of the durability of their elements, and mainly the DT-75 and MTZ-50
tractors, which are the most complex in a constructive sense, in connection with which their proper
organization, maintenance and repair present the greatest difficulties [10,11].

In accordance with the set goal and the main content of the study, its specific tasks are determined:

-to substantiate methods for improving the management of the operability of machines, and to
develop the main directions for organizing actions to improve their maintenance and repair.

-to investigate the main causes and nature of the wear of machine elements, to determine the
structure of repair and maintenance work, and to find ways to restore their performance.

-to determine the methodology for the development of the main repair standards characterizing the
modes of partial reimbursement of the machine's suitability: the frequency and structure of the repair
cycle, the assessment of the complexity of the repair, etc.

-to substantiate the most rational methods of organizing maintenance of machines as probabilistic
systems that provide partial compensation for their suitability.

-to determine the expedient structure of the repair and maintenance base of agriculture, and to
develop methods of material and technical support for the maintenance and repair of machines.

-to substantiate the control system for the reliability of machines: methods of control, methods of
standardization, and control of reliability.
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3. Results and Discussions

The multifaceted nature of the work predetermines the variety of methods for studying particular
issues. At the same time, they are based on some general principles that allow finding a unified
approach and establishing the relationship between various aspects of the problem.

y=4019 - Bx+72x° (1)
where, x - the number of repairs.
Establishing the pattern of reducing the MTBF made it possible to formulate a hypothesis about the
occurrence in the mechanisms of machines with an increase in the duration of operation and as a result
of bulkheads during the repair of unfavorable operating conditions of parts that affect their durability.
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Figure 1. Change in the MTBF of the gearbox of 3t class tractors.
depending on from the number of repairs.

Taking into account that the basis of the repair and maintenance base is made up of equipment and
tooling, classified by us in terms of cost, productivity and complexity of work, the following
conclusions were drawn:

- the operations of successive reimbursement of the suitability of machines with an indicator of
Cuex <1.7, which do not require complex and expensive equipment, are carried out directly on the
farms (detailed);

- operations of successive reimbursement of the suitability of machines with an index of Cpex> 1.7,
performed with the help of expensive and high-performance equipment, are subject to a certain
centralization within economically justified limits;

- the processes of one-time reimbursement of the suitability of machines and assemblies, the
restoration of parts, requiring a high level of production equipment, must be carried out centrally at
special enterprises. Thus, the repair base seems to consist of three main structural links: the repair and
maintenance base of the economy, the production and technical base of the district level and a network
of specialized repair enterprises.

Optimal solutions for the centralization of service are made by minimizing the reduced costs,
characterized by a decrease in the amortization of production assets and losses from downtime during
service with an increase in the number of machines serviced in one place and an increase in the cost of
transporting machines to places of service and losses from downtime during transportation, which is
shown in figure 2 [12, 13].

The need for production capacities of various links of the repair and maintenance base was
determined by analyzing the technological content of repair and maintenance work, a model of their
distribution among the links of the repair network was created A model of the need for repair and
maintenance work was calculated to assess the availability of production capacities in comparison
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with the required ones. The model of the distribution of work on the maintenance of machines
between the links of the repair network was obtained in two conditional versions [12]:

- in the first - it is envisaged to perform all operations of periodic maintenance and more than two-
thirds of the volume of work of current repairs by the forces of farms;

- in the second - complex maintenance of tractors (TO-3), cars (TO-2) and their current repairs by
specialized repair services. Depending on local conditions, other options for the distribution of work
may be accepted, however, they will all be within the intervals established by us.

According to the annual reports of the enterprise, labor costs for maintenance and repairs by types
of machines and the resulting models of the distribution of work between the links of the repair
network, the following distribution is determined, given in table. 1, [14].

According to the most promising second variant of the distribution of work, in which, for example,
in 70 farms in the Rostov region, the average annual unit cost of repair and maintenance of machines
has a minimum value (0.76 rubles / ha c.p.), it was concluded that farms should

Z,

A

Unit costs losses for maintenance and

delivery of machines

Number of serviced machines

Figure 2. Dependence of the main variables of unit costs for
maintenance on the number of serviced machines.

Z;O - unit costs and losses in the maintenance of machines; Z, is the amount of depreciation of
production assets; Uro - losses from downtime during machine maintenance; Z;O - unit costs and
losses for transportation of machines; Z,, - the cost of transporting machines; Uy, - losses from

downtime during transportation of machines; ZZ- total unit costs of losses for maintenance and
delivery of machines.

Table 1. Job distribution options

Variants General Performed in%
distribution of work volume farms my district Spetsializirovannymi
works link predpriyatiyami
I - option 100,0 61,6 10,0 28.4
II- option 100,0 46,4 22,2 31,4

To carry out simple operations in terms of the labor intensity of about half of the total volume of
repair and maintenance work. The share of specialized enterprises is about 30%. and district services
-20% of the volume of work, and the most complex. It means that the district services should
specialize in performing complex periodic maintenance and current repairs of machines [15].

Calculations show that the capacity of specialized enterprises to carry out work on the repair of
units and machines currently reaches only 48% of the required capacity, maintenance points - about
25%, mobile repair shops - 38%, mobile maintenance vehicles - 56%. The basis of the material base
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of the service is made up of stationary facilities, in combination with which mobile ones operate,
reducing the downtime of machines [16]. The paper gives a schematic diagram of the interaction of
maintenance and repair facilities.

The calculation of the need for service facilities is carried out using the accepted methods in terms

of their performance and duration of service. The total duration of service P8 is determined by the

expression:

n m
i=1 j=1

"R - kyj (2)

where Pg - duration of one service (repair), h:
k;j - the number of serviced cars; n and m - the number of services and their types.

The tenological fund of the time of operation of the means of maintenance and repair F,, is equal to
the difference between the operating fund of time F, and the time of downtime of the means of service
in the repair Trgy as well as the time spent on moving Tpgg.

Fppn — Fp — (Trem + Tpgr)- 3

The need for one or another type of service facilities R¢p is divided by the ratio of the operational
duration of service PO to the technological annual fund of time from the expression:

(0]
Pep = )
where K3 - coefficient taking into account intra-shift loss of time,

Kp=0,85-0,95.

The effectiveness of the use of one or another set of maintenance and repair tools is determined by
the well-known methods of minimizing losses Urgr from a decrease in the productivity of machines
and, therefore, a shortage of products or a decrease in prices with a deterioration in its quality, the
reduced costs of maintenance and repair tools and wages for repair workers [16]

T, .
Uror = STty C U P + X1y By E; TP 7 +Zpk T Y, Tix K3 > min )
ik j=1"U

where S - the area on which the serviced machines operate, hectares;

Cy - cost of 1 centner of the k-th product, rubles;

Uy - yield of the k-th product, c / ha;

Py, - the coefficient of yield losses of the k-th product from downtime and reduction of the
chain from deterioration in quality;

B; - the book value of the i-th means of maintenance and repair, rubles;

E; - standard coefficient of efficiency of capital investments;

n; - the number of funds of the same name;

Tji - the time spent by the i-th maintenance and repair facilities for the production of the ki-th
product, h;

T;j - the time spent by the i-th maintenance and repair facilities on other j-th work performed
during the hearth, h;

K3; - the cost of an hour of work of workers during maintenance and repair, rubles.
Modern machines have a large number of series-connected parts, which inevitably degrades their
reliability indicators. Therefore, in order to improve the reliability indicators based on the works of D.
Neumann, it is concluded that it is necessary to create an unloaded reserve of spare parts for machines,
which are concentrated, depending on their cost and scarcity, directly on machines, on mobile or
stationary service facilities, or in regional and regional technical exchange points. At the same time,
the reduced losses of farms from failures should be greater than the cost of the reserve elements,
therefore the total present value of the unloaded reserve is controlled on the basis of the following
criterion:
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(6)

1=
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-

i=1 i=1
where Gip - cost of reserve i-elements, rubles;
U; - losses of farms from machine failures, rubles;
A;P - the magnitude of the increase in the reliability of the i-th element.

4. Conclusion

The calculation results show the expediency of the direction of development of production and
technical bases for high-quality maintenance and repairs of agricultural machines. The costs of labor
and funds for the maintenance and repair of machines for the amortization period significantly exceed
the same costs for their manufacture. For tractors, for example, these pile costs are 6-10 times higher
than the labor costs for manufacturing and, accordingly, the cost of money is 3-6 times. Increasing the
efficiency of using a particular set of maintenance and repair tools is determined by the known
methods of minimizing Uter losses from a decrease in the productivity of machines and, therefore, a
shortage of products or a decrease in prices with deterioration in its quality. The need has ripened to
attract investments in the field of reconstruction and construction of new production and technical
bases with more modern equipment and tools that meet the requirements of machines produced for
agriculture.

References:

[1] Apatenko A S, Sevryugina N S, Golubev I G, Toigambayev S K, Mishurov N P 2020 Systems of
telemetry and monitoring of agricultural machinery. Silver Medal. XXII Russian Agro-
Industrial Exhibition (Moscow).

[2] Toigambayev S K, Apatenko A S 2020 Adjustment of calculations of car maintenance for
the economy of Kostanay region International Journal Of Professional Science 10 40-
51

[3] Toigambaev S K 2020 The calculation of the annual programme of repair of machines for
agriculture in Kostanay region Polish journal of science 33 (2) 67 - 79

[4] Varnakov V V, Didmanidze O N 2006 Textbook for students of agricultural higher educational
institutions (Moscow: Kolos)

[5] Didmanidze O N, Mityagin G E 2006 Prospects for the development of agriculture in Russia in
modern conditions Agribusiness: economics, equipment, technologies 5 13-14

[6] Legeza GV, Didmanidze O N, Mityagin G E, Shulga E F 2006 United Scientific Journal 25 66-69

[71 Sevryugina N S 2010 A systematic approach to the assessment of the impact of the ergonomical
indicators of transport vehicles on the efficiency of technical service Occupational safety in
industry 7 56-59

[8] Glagolev S N, Sevryugina N S, Konev A A 2013 Materials of the 3rd International Scientific and
Practical Conference 2 206-210

[9] Toigambayev S K, Bondareva G I, Didmanidze O N, Apatenko A S 2020 Calculation of the
number of maintenance and repairs of tractors for the economy of Kostanay region Rural
machine operator 11 27-25

[10] Karpuzov V, Golinitsky P V, Cherkasova E, Toigambayev S K, Antonova O 2020 Journal of
Physics: Conference Series 1691 012031

[11] Martynova N B, Shavazov K A, Telovov N K, Toigambayev S K, Yusupov Sh A 2020 /OP
Conference Series: Earth and Environmental Science 614 012145

[12] Toigambayev S K, Bondareva G I, Didmanidze O N 2020 Organization and calculation of the site
of maintenance and repair of machinery Rural machine operator 12 43-47

[13] Kravchenko I N, Galinovsky A, Kartsev S, Korneev V M, Toigambayev S K, Abdumuminova D
2020 Studies of the influence of the regime parameters of the plasma deposition process on the
porosity of the coating AIP conference 19 00189



HIRM-2021 IOP Publishing
Journal of Physics: Conference Series 2176(2022) 012089  doi:10.1088/1742-6596/2176/1/012089

[14] Toigambaev S K 2020 Assignment of species and determination of repair works in the DEM
farms of Kazakhstan Norwegian Journal of the Development of International Science 51 (1)
3453-9875

[15] Evgrafov V A, Novichenko A I, Podkhvatilin I M, Gornostaev V I, Anisimov A V 2015
Application of the multi-agent approach in the formation of the optimal composition of the fleet
of machines in the environment of ANYLOGIC simulation24 123-127

[16] Bondareva G I, Leonov O A, Shkaruba N Zh, Vergazova Yu G 2016 Evaluation of the economic
efficiency of the functioning of the quality management system at repair enterprises Scientific
result. Series: Business and Service Technology 2 (7) 51-56



