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Abstract. Agricultural production is connected with machine technologies of cultivation of agricultural crops. 

Tractors are operated under certain changing conditions, which are determined by the operation technology, 

organizational and climatic conditions, and technical operation conditions. The concept is introduced as a complex, 

dimensionless indicator that determines the conditions of functioning of tractors in agricultural production - the 

level of operation of tractors. Indicator of the level of operation of tractors reflects the state of their operation on 

the farm, which determines the degree of implementation of technical operation of equipment and the share of the 

labor-intensive process in the total volume of planned work for the upcoming period. Theoretically, this indicator 

can vary from 0 to 1. When equal to 1, the state of operation of the tractor is characterized as the best in terms of 

resource consumption, that is, all measures to maintain the tractor in working condition meet the requirements of 

GOST, and the tractor performs only work with minimal resistivity. If equal to 0, resource consumption of the 

tractor is maximum, i.e. the technical operation of the tractor is not performed and the tractor performs work with 

the maximum resistivity. The regularities of changes in the unit costs for eliminating failures and downtime 

depending on the level of operation of tractors are obtained. The article deals with the issues of optimizing the 

level of operation of tractors, presents a method for optimizing this indicator and provides a calculation on the 

example of farms in the Republic of Tatarstan. 
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Introduction 

The current stage of development of agricultural production is associated with market relations. In 

turn, market relations are characterized by crisis situations, especially at the beginning of the formation 

of a comprehensive mechanization of the activities of enterprises of the agro-industrial complex with 

domestic equipment [1-3]. In a situation where prices for new tractors are rising, and the needs of 

agricultural production are far from being met, the solution is to increase the efficiency of their use, 

which will reduce the cost of agricultural products and increase competitiveness [4; 5].  Improving the 

efficiency of tractor operation is directly related to the assessment of the conditions of their functioning 

in agricultural production and the development of measures to improve it. The operating conditions of 

machinery are evaluated by a complex dimensionless indicator - the level of operation of tractors [6-8]. 

The state of technical operation of tractors and the percentage of tractor involvement in various 

types of agricultural work, which is characterized by different resistivity of aggregates, determines the 

amount of the resource consumption of aggregates and equipment systems. Resource consumption is 

the amount of reduction in the remaining resource when performing a certain amount of work [9; 10]. 

The level of operation of the tractor (Yo) can be determined: for the past period, in order to determine 

the trend in resource consumption of tractor systems and units; for the planned period, in order to 

develop measures to increase the levels of factors of technical operation of tractors and the formation of 

the nomenclature of agricultural work. At the same time, the optimal values of resource consumption of 

tractor systems and aggregates are justified [11; 12].  

Improving the efficiency of operation of tractors in various conditions of their use is based on the 

establishment of patterns of changes in indicators of reliability of tractors from the level of operation, 

taking into account the state of technology. In this regard, the aim of the study is to optimize the level 

of operation of tractors. 

Materials and methods 

Optimization of the level of operation of tractors consists in carrying out measures to optimize the 

level of their technical operation and offer various options for differentiating agricultural work by 

tractors [13]. 

Since the magnitude of the weights of determining and generalized factors is influenced by 

production and climatic conditions, measures to optimize the level of technical operation consist in 
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determining the optimal level value and identifying all the determining factors that have the maximum 

efficiency coefficients for their implementation groups, ensuring a significant increase in the level of 

operation. If we increase the levels of these factors to 1, the value of the final result should provide the 

optimal level. 

Improving the efficiency of tractor operation in enterprises is associated with optimizing the level 

of technical operation of tractors according to the criterion of minimum total unit costs for repairs, costs 

from downtime and costs necessary to improve the level of technical operation. To do this, it is necessary 

to determine the dependence of changes in costs on downtime, on eliminating failures and on improving 

the technical operation of tractors on the level of technical operation. In this regard, experimental studies 

were conducted. 

Eight farms of the Republic of Tatarstan participated in the experimental studies. In each farm, the 

levels of technical operation of tractors were determined, according to the developed methodology [11]. 

Using the accounting data, we obtained the values of costs from tractor downtime and for eliminating 

their failures. The reliability of the dependencies was determined by the correlation coefficient (R) and 

its error (mR) [14], according to which, if the condition R > 3·mR is met, the dependence can be 

considered reliable. 

Results and discussion 

To do this, we need to determine the share of unit costs that depends on the level of technical 

operation. At the same time, it was assumed that the share of unit costs changes in proportion to the 

level of technical operation of tractors. 

Since the sum of the weights of generalized factors that determine the level of technical operation 

of tractors is 0.69 [11], the share of unit costs for eliminating failures and downtime in the total volume 

is 0.69. Therefore, the objective function of optimizing the level of technical operation of tractors is as 

follows: 

 ( ) minto c d tС D С С+  + → .  (1) 

where  Cto – unit costs for improving the level of technical operation of tractors, RUB·hour-1;  

Dc – share of unit costs for elimination of failures and downtime, depending on the level of 

technical operation of tractors in the total volume;  

 Cd – unit costs from downtime, RUB·hour-1;  

 Ct – unit costs for troubleshooting failures RUB·hour-1. 

The unit cost of downtime is determined by the formula: 

 
2133.4 –  273.2 144.1d o oС Y Y=  +  .  (2) 

 (Rd = 0.71, mRd = 0.15) 

The specific cost of eliminating failures is determined by the formula:  

 
2121 235.5 125.1t o oС Y Y= −  +  .  (3) 

 (Rt = 0.68, mRt = 0.21) 

The unit cost of improving the level of technical operation of tractors is determined from the 

following expression: 
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=  ,  (4)  

where  Yk – level of determining factors, the implementation of which depends on additional capital 

investments;  

 Ce – cost of the tractor engine, RUB;  

 α – standard of investment in agriculture;  

 Wy – annual operating time of the tractor, corresponding to the level of operation. 

The dependence of changes in the annual operating time on the level of operation of tractors is as 

follows: 
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 25712.48 1421.32 – 3064.3 .y o oW У У− =    (5) 

 (Ry = 0.65, mRy = 0.17) 

The level of determining factors, the implementation of which depends on additional capital 

investments, is determined by the formula: 

 k sf oY D Y=  ,  (6)  

where  Dsf – share of factors that require additional capital investment to increase. 

With the above in mind, formula (4) will take the following form: 
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However, the task is to increase the factors of technical operation only. In [11], the factors are 

divided into 3 groups of implementation: organizational measures; improvement of labor discipline and 

factors that require additional capital investment. Factors that require additional capital investment 

include: location of maintenance; availability of equipment for maintenance; location of running-in; 

location of repairs; availability of mobile repair facilities; storage of fuel and lubricants; fuel filtration 

during refueling. In this regard, it was necessary to determine the share of 7 factors in the total volume 

of factors of technical operation of tractors. At the same time, it was assumed that the factors that require 

additional capital investments to increase change in proportion to the level of technical operation of 

tractors. To determine the proportion of factors that require additional capital investment, the level of 

technical operation should be equated to the nominal value. Further, calculations will be made to 

determine the share of factors that require additional capital investments to increase: 

 

7

7
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where  Yfk – level of factors that require additional capital investment to increase;  

φij
k, zij

k – accordingly, the level and weight of the i-th determining factor included in the  

j-th generalized factor, the increase of which requires additional capital investment;  

 kj – weight of the j-th generalized factor. 

Substituting the necessary values in formula (8), we obtain the level of factors that require additional 

capital investment to increase. 

Yfk=1⋅0.45⋅0.24+1⋅0.29⋅0.24+1⋅0.43⋅0.18+1⋅0.41⋅0.12+1⋅0.28⋅0.12+1⋅0.38⋅0.09+1⋅0.07⋅0.08=0.38 

Therefore, for farms in the Republic of Tatarstan the level of factors that require additional capital 

investment is 0.38. 
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where Yto =1 – level of technical operation is equal to the nominal (0.69) [11]. 
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Thus, given the formulas (2), (3), (6), (7) the target function will look like: 
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where Yo – level of operation of tractors; 

Cc – unit costs for increasing the level of technical operation, RUB·hour-1; 

α – coefficient of efficiency of additional capital investments. 

The objective function (9) is presented in Figure 3.  
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Fig. 1. Schedule for optimizing the level of technical operation of MTZ-80 and MTZ-82 tractors: 

1 – unit costs for increasing the level of technical operation; 2 – share of unit costs from downtime and 

failures accounted for by factors of technical operation; 3 – total costs 

The figure shows that the optimal level of technical operation of tractors for farms in the Republic 

of Tatarstan is 0.62. In order to increase the level of technical operation to the optimal value, the factors 

that have the maximum effect were identified. We also determined the optimal level of differentiation 

of agricultural work by tractors for the planned period, for farms in the Republic of Tatarstan it is 0.24 

[11]. Thus, the optimal value of the level of operation of tractors (Yo) will be equal to 0.86. 

The obtained optimal value of the level of operation of tractors allows to calculate the economically 

feasible terms of repairs and maintenance of equipment. As a result of mathematical processing of the 

data obtained during the experimental studies, the optimal values of the total output before the first (T1), 

second (T2) repairs and before the decommissioning of tractors (Td) were obtained, which are presented 

in the form of dependencies: 

 Т1 = 17871.6∙Yo – 3467.5 – 8607.6∙Yo
2,  (11) 

in this case, the correlation coefficient and the error of the correlation coefficient, respectively 

R2 = 0.68, m2 = 0.21 [14].  

 Т2 = 13728,2 – 2812,57∙Yo
-1,49,  (12) 

in this case R2 = 0.71, m2 = 0.15 

 Тd = 41217,35∙Yo – 7058,8 – 19521,4∙Yo
2.  (13) 

in this case Rd = 0.63, md = 0.18 

Using the obtained dependencies (11, 12, 13), the optimal terms of repair and service of tractors 

were determined. As a result of increasing the level of operation of tractors from the actual value to the 

optimal one, it is expected to increase the time to repair periods and the service life of equipment by 

25%. 

Conclusions 

1. Determining the optimal level of technical operation of tractors in agricultural production is 

necessary for planning the costs of their maintenance during the entire service life of the equipment; 

2. Increasing the level of technical operation of tractors depends on additional capital investment and 

determines the cost of eliminating the consequences of failures and downtime during repairs; 

3. A method for determining the optimal level of technical operation of tractors in agricultural 

production is developed and calculations are presented on the example of farms in the Republic of 
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Tatarstan. From this, it can see that for the considered zone, the optimal value of the level of 

technical operation of tractors is 0.62, and taking into account the level of differentiation of 

agricultural work by tractors for the planned period (0.24), the level of operation of tractors is 0.86; 

4. This means that it is not advisable to bring the level of operation of tractors to 1, since the cost of 

maintaining tractors will be greater than the effect of reducing the cost of eliminating failures and 

downtime; 

5. For the optimal value of the level of operation of tractors, the appropriate terms of repair and service 

of tractors are calculated. It is revealed that with an increase in the level of operation of tractors 

from the actual to the optimal value, the terms before repairs and before write-off will increase by 

25%. 
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