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Abstract. The analysis of existing methods of determining automobile fleet parameters at the area is carried out 

and their disadvantages are substantiated. The proposed method of substantiation of the parameters of the milk 

trucks of the dairy enterprise involves the implementation of five complementary stages. The first stage provides 

the creation of a database of production conditions and characteristics of vehicles. The second stage involves the 

definition of rational customary routes for the delivery of milk from the points of harvesting to the milk 

processing enterprise for variants of the fleet of cars with the same cargo. In the third stage, the calculation of the 

functioning indicators is carried out, the needs for identical cargo vehicles and their basic parameters are 

determined. The fourth stage provides the definition of rational local routes for variants of the fleet of cars with 

different cargo. The fifth stage involves the indicator calculation of the milk trucks functioning and the definition 

of effective parameters for dairy processing enterprises, which provide the minimum cost of resources for their 

operation. It is established that with the increase of cargo tank truck capacity from 1.3 to 11.5 tons, their average 

daily run in the intensive milk harvesting period is reduced from 2.64 to 0.57 thousand km, which is described 

by a second degree polynomial. At the same time, the need for tank trucks for these conditions is reduced from 

12 to 5 units. An efficient variant of the transport infrastructure of the dairy processing plant involves the 

attraction of 6 cars with a cargo capacity of 3.7 tons and trailers with a cargo capacity of 0.9 tons. The proposed 

method and the results of the conducted researches underlie the creation of an information support system for 

decision making in logistics systems of milk procurement. They also underlie the planning of the transportation 

infrastructure of the dairy enterprise. 
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Introduction 

There is a problem of food security in the world. It is somewhat specific for Ukraine. With the 

accession of Ukraine to the world trade organization, it became even more acute. This is largely due to 

the production of dairy products and the harvesting of raw milk. The producers of milk in Ukraine are 

households that provide 80 % of their income to processing enterprises. At the same time, the quality 

of the dairy production depends to a large extent on the efficiency of the milk harvesting system. At 

the same time, the tasks of determining the effective parameters of tracks at dairy processing 

enterprises, which depend to a great extent on the conditions of production, remain out of the question. 

Specific methods and models should be used to form tracks for dairy processing enterprises. The 

indicated methods and models should take into account features of the production conditions of milk 

production (the presence of milk producers, their territorial location, seasonality and milk production, 

the state of the network of roads, etc.). This greatly affects the parameters of milk trucks at dairy 

enterprises and functional indicators of the tanker use.  

To substantiate the parameters of the road tanks of dairy enterprises, there should be appropriate 

theoretical foundations and methods and models that form the toolkit for making quality management 

decisions. To identify the state of science in this direction, an analysis of a number of scientific works 

has been carried out. In particular, scientific work [1] relates to the planning of the fleet during the 

servicing of seaports. In scientific papers [2-5], it is proposed to improve the efficiency of the fleet of 

cars using various criteria for its evaluation (cost, impact on the environment, etc.). In scientific papers 

[6-8], issues related to efficiency increase of the freight vehicle use are considered. However, it is not 

possible to use these scientific works to justify the parameters of the milk trucks of dairy processing 

enterprises, since they do not apply to perishable goods to which milk belongs, where the quality and 

duration of cargo delivery should be used according to the criteria. 

A number of scientific papers [9-11] indicate that the definition of functional indicators of cars 

requires modeling of their work. However, these scientific works cannot be used to justify the 

parameters of milk trucks of milk processing enterprises, because they do not take into account the 

seasonality of cargo volume transportation during the calendar year and the specific production 
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conditions of individual enterprises. Noteworthy are the scientific works [12; 13], which outline the 

peculiarities of the forecasting production conditions and the study of transport processes of milk 

harvesting on the basis of simulation. However, in the scientific paper [14] it is proved that each dairy 

enterprise has specific production conditions and needs specific research to justify the parameters of 

their milk trucks. 

Known scientific papers [15-17], which partially take into account the production conditions of 

milk transportation, provide volume prediction of the transport work. However, they are intended for 

the harvesting of milk from households [18-19], which does not adequately reflect the conditions for 

determining the parameters of vehicles of dairy processing enterprises. Based on the above analyzed 

scientific works, it can be said that they cannot be used to determine the parameters of milk trucks of 

milk processing enterprises, because they have a number of shortcomings. In particular, they do not 

take into account: 1) the seasonality of transport operations; 2) restriction on the duration of milk 

transportation, which determines the quality of cargo delivery; 3) use of tank-vehicle working time 

during a working change; 4) the presence of different cargo on the market of tank-vehicles etc. 

Therefore, the purpose of the work is to determine the parameters of dairies, taking into account 

the seasonality, duration of transportation, working hours and types of milk trucks. 

Materials and methods 

We have developed a method of substantiating the parameters of milk trucks of dairy processing 

enterprises, which eliminates the above-mentioned shortcomings. This method involves the 

implementation of five steps (Fig. 1). This method is based on the system approach, the theory of 

routing and purposeful iterative studies of the operation parameters of the tank vehicle fleet, subject to 

changes in its parameters. This makes it possible to determine the cargo capacity of tank-vehicles, 

where the transport of all the volume of harvested milk requires minimal resources.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. Stages of parameter substantiation for transport  

infrastructure at dairy enterprise 

This load capacity is the base for finding an efficient fleet of tankers with different loads. This 

search is carried out on the basis of iterations. Considering different variants of milk truck operation 

(with different load of vehicles) in all periods of the season of harvesting allows us to find rational 

(optimal) parameters of the tank fleet at dairy processing enterprise. 

At the first stage, the presence of milk procurement points, their productivity at different periods 

of the harvest season is investigated. The presence on the market and specifications of tankers for milk 

transportation, equipment for loading and unloading of tank-vehicles, refrigeration equipment of 

procurement points, etc. are explored. 

The second stage involves the definition of rational customary routes for the delivery of milk from 

the points of harvesting to the milk processing enterprise for variants of the car fleet with the same 

1. Formation of the database on the production conditions and characteristics of vehicles 

2 . Determination of rational local routes for the delivery of milk from the provision points to the 

dairy processing plant for the fleet of vehicles with the same capacity 

3. Calculation of indicators of the specialized road tanks functioning, determination of requirements 

for cars of identical load and their basic parameters 

4. Definition of rational local routes for variants of a tank-car park with different load-carrying 

capacity 

5. Calculation of specialized road tank indicator functioning and definition of car fleet effective 

parameters for the dairy enterprise 
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cargo. To do this, we use the method of determining the approximate routes, developed in the work 

[1]. 

At the third stage, the calculation of the milk truck functioning indicators is carried out, as well as 

the definition of needs in cars of equal cargo and their basic parameters. At this stage, first of all, there 

is a selection of routes for individual car enthusiasts. Indicators of the functioning of the milk trucks 

are the way of tank vehicles, the cargo turnover, the length of service of individual routes and the need 

for tank-vehicles. They are determined on the basis of simulation of the use of tank vehicles on 

individual routes.  

The fourth stage of the proposed method involves the definition of rational public routes for 

different variants of car fleet with different loads. For this purpose, in relation to the determined basic 

load of tank vehicles, possible variants of their fleet with different loading capacity are substantiated.  

The fifth stage involves the calculation of milk truck functioning indicators and the definition of 

effective parameters of the car fleet for the dairy enterprise. Using the cost criterion for assessing the 

cost of resources for the functioning of the milk trucks and the amount of investment for its formation, 

the effective parameters of the tanker fleet at the dairy enterprise are determined. 

The developed method of substantiating the parameters of the milk trucks at the dairy enterprise 

has practical application. Investigation of milk truck functioning indicators at the dairy enterprise was 

carried out for the conditions of PJSC “Brody Plant of Dry Skim Milk” in Brody, Lviv region. Based 

on the developed computer program, the functioning of the milk trucks at the milk processing 

enterprise was modeled, which enabled to determine the functional parameters of the tank vehicle use 

for eleven variants of their capacity.  

According to the results of the conducted researches, trends of changing the functional parameters 

of the tank vehicle use for changes in their load capacity have been determined (Fig. 2-5). 

The obtained dependence of the total daily traversed path (L) of tank vehicles on their payload (Q) 

is described by the polynomial of the fourth degree: 

 L = 9·10
–4

·Q
4
 – 3.08·10

–2
·Q

3
 + 0.36·Q

2
 – 1.91·Q + 4.57.  (1) 

The obtained dependence of the total required cargo capacity (Qs) of tank vehicles on their 

contents (Q) is described by the linear equation: 

 Qs = 4.15·Q + 8.41. (2) 

The resulting dependence of the demand (N) on tank trucks on their payload (Q) is described by 

the polynomial of the fourth degree: 

 N = 2.2·10
–3

·Q
4
 – 8.23·10

–2
·Q

3
 + 1.11·Q

2
 – 6.48·Q + 18.72.  (3) 

The received volume of investments (V) in the fleet of tank-vehicles from their carrying capacity 

(Q) is described by a polynomial of the second degree: 

 V = 0.28·Q
2
 + 4.32·Q + 56.055.  (4) 

In the obtained dependencies (Fig. 2-5) the correlation ratio is 0.99, which indicates a strong 

connection between the functional and cost indicators of the tank vehicle use and their capacity. These 

dependencies indicate that the type of tank-vehicles for the transport of milk and their parameters 

affect the functional parameters and the volume of investments in the tank vehicle park. 

With regard to the total cargo car fleet of tank vehicles (Fig. 3), it increases in proportion to the 

selected capacity of tank vehicles, which is described by the linear equation. The analysis of the graph 

shown in Fig. 4 shows that with the increase in the load of tank vehicles in the structure of the park of 

the processing enterprise, their number decreases by the polynomial of the fourth degree. 

Based on the obtained dependencies (Fig. 2-4), it can be affirmed that the limitation of the 

duration of individual routes ([tlim] = 3 hours) leads to the fact that tank trucks with a capacity of more 

than 5.2 tons have approximately the same daily distance traveled (Fig. 2) and the need for them does 

not depend on the load N = 5 units (Fig. 4). 

This is due to the fact that the formation of separate routes using heavy-duty tankers is limited by 

the length of these routes. This causes the tankers to be under-load and consequently reduces the 
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utilization rate of their tanks. At the same time, the content and number of routes remain almost 

unchanged. 

Analysis of the milk truck functioning indicators (Fig. 2-5) convinces that with the increase in the 

load capacity of tank vehicles in the fleet structure, current and capital costs have opposite trends in 

change. They are the basis for finding optimal parameters of the milk trucks at the milk processing 

enterprise. 

 

Fig. 2. Dependence of the total daily traveled way of tank vehicles on their cargo capacity 

 

Fig 3. Dependence of the total required load of tankers on their capacity 

 

Fig 4. Dependence of demand on tank trucks on their payload 

The increase in the tanker truck capacity of more than 5.2 tons leads to a decrease in the loading 

factor, a significant increase in the total required cargo capacity (Fig. 3) and the volume of investments 

in the tanker truck (Fig. 5). This indicates that it is inappropriate for the given production conditions 

(PJSC “Brody factory of skimmed milk powder” in Brody, Lviv region) to use tank trucks with a 

capacity of more than 5.2 tons. 

The results of the conducted research indicate (Fig. 5) that the total consolidated expenses of 

funds for the export of the annual volume of harvested milk, subject to the attraction of tankers of the 

same load capacity, vary within the limits of 64.12-142.37 thousand USD. Minimal specific aggregate 

expenditures of funds fall into the variant involving the tank-vehicles GAZ-3309 + Г6-ОТА-3.7 with 

the carrying capacity of 3.7 tons, which should be at the enterprise 6 units. For peak periods of milk 

harvest, in the structure of the fleet of tankers, there should be specialized trailers for the transport of 

milk with a cargo of 0.9 tons. 
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Fig 5. Dependence of the volume of investments in the fleet  

of tank vehicles on their freight capacity 

Results and conclusions 

The developed method of synthesis for four groups of factors of milk truck efficiency at the dairy 

processing enterprise is based on purposeful machine experimentation with the simulation model and 

substantiation of rational routes for variable characteristics of tank vehicles. It takes into account the 

volatile time of milk transportation, as well as the duration of successive calendar periods, which 

makes it possible to determine by a numerical method the optimal number and structure of the tank 

fleet at the dairy processing enterprise.  

Based on the proposed method, computer experiments and calculations were carried out, which 

made it possible to identify the causal relationships between the load of tank vehicles and their 

required quantity for the period of intensive milk flow, total cargo, current and capital expenditures for 

the export of annual milk volume, which have close correlation and underlie optimization calculations. 

The opposite nature of the trends in current and capital cost changes is the basis for the search for a 

cost criterion for the basic variant of the milk truck parameters, which is determined by the numerical 

method. 

It was established that the minimum specific aggregate expenditures of funds belong to the variant 

with the involvement of GAZ-3309 + Г6-ОТА-3.7 tank-vehicles with a carrying capacity of 3.7 tons, 

which need to have at the enterprise of 6 units. For peak periods of milk harvest, in the structure of the 

tanker fleet, there should be specialized trailers for the transport of milk with a cargo of 0.9 tons. The 

expected annual economic effect of the proposed milk trucks for Brody Plant of Skimmed Milk in 

Brody, Lviv Oblast is 16.753 USD. 

The results of the study can be used for other enterprises in different sectors of the economy 

where road transport occurs. 
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