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ANALYSIS OF EXPLOITATION-TECHNOLOGICAL RELIABILITY  
OF COMBINE HARVESTERS 
O. M. Bystriy, I. L. Rogovskii 

Abstract. In the process of operation of combine harvesters, the 
main criterion of effective use is maximum productivity at the lowest cost 
of living and materialized labor with the measures compliance with agro-
technological quality of the process and requirements of labor protection 
and the impact on the environment. Therefore, one of the most effective 
ways of ensuring maximum performance of the combine harvester is its 
operational and technological reliability. 

To establish the analytical relationship between the performance of 
combine harvester and its operational and technological reliability, as a 
complex technical system with a predetermined quality, it is necessary to 
apply the general theory of reliability and performance that with a high 
degree of reliability can apply are identified in the production processes. 
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Abstract. The spatial location system of service maintenance of 

the dealer, the main parameters of its functioning, defining the technical 
readiness of agricultural machinery, are the direct subject of the study.  

The development of agricultural commodity production, and 
associated industries, requires certain adjustments in the improvement of 
organization and technology service activities companies, dealer 
education system without returning to the forms, developed earlier for 
production and maintenance of large agricultural companies.  

The landowner did not have time and opportunities for surveying 
intermediaries and bringing services to the solution of production 
problems due to the lack of the ability to maneuver production assets, 
ongoing attachment to processes of production, interruption of which is 
fraught with huge losses and damages.  

Agricultural producers are in need of committed partners that are 
economically motivated and reacting promptly to problems as ensuring  
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of high efficiency of the machines, the effective implementation of all 
agricultural production processes are directly dependent on the location 
and duration of services determine the profitability of the farms.  

Research in the field of sales of services technical service through 
a network of service centers prove a significant increase in production 
with increasing demand and application. 

In the paper, we assume extensive use of methods of probability 
theory and mathematical statistics, physical and mathematical modeling 
of the system settings service and technical-operational indicators of 
machines.  

Key words: analytic, spatial requirement, maintenance, 
agricultural machine 

 
Formulation of problem. In accordance with the modern concept 

of development of technical service in agroindustrial complex, involving 
the formation of system of enterprises-providers of services in 
maintenance and performance of machines throughout their service life 
provided by the dealers. On the basis of a national system of dealers, it 
is planned to reconstruct and improve the effectiveness of the system of 
support to agriculture machinery and equipment, spare parts and other 
logistical resources, as well as the efficiency of maintenance of machines 
and equipment in warranty and post-warranty periods of operation.  

Domestic and foreign experience of such companies proves that 
the dealer engaged in the service of agricultural equipment needs to be 
closer to producers. This achieves rapid elimination of failures during the 
warranty and post-warranty periods of operation, the regulatory allowable 
downtime of machines. The efficiency of dealerships in this is to ensure 
the smooth implementation of agricultural technologies by rural 
producers through quality maintenance equipment in the off-season 
through the complex service delivery institutions – system for 
maintenance. 

The problem of placement and functioning of regional system of 
service maintenance dealer of the enterprise due to several reasons: 

a) theoretical: 
- imperfection of the theory of designing, formation and optimization 

of systems whose purpose is the sale of finished products and services 
of technical service, taking into account features of development of 
agriculture, 

- lack of range of problems within a field of view of spatial 
Economics, taking into account the competition between dealer 
companies on the market, 

b) methodological: 
- need to adapt our previously developed calculation methods of 

the specialized service enterprises, 
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- the need to develop new calculation methods and work 
organization system of dealerships maintenance, 

c) economic: 
- significant number of factors and the unpredictable nature of their 

interaction, have a significant effect on the results of commercial 
activities of enterprises, 

- high degree of confidentiality of information relating to the 
commercial activities of the enterprises, which does not allow to develop 
and implement strategies for their development. 

With increasing equipment of agriculture with modern technology 
through a network of dealer points of particular importance was the high 
use of the machines, defined rational scheme of construction of 
distribution system maintenance in the regions. Therefore, the research 
aimed to develop scientifically based recommendations on the 
substantiation of the system of placing and functioning of the service 
regional dealer companies is an important and urgent task of agricultural 
production. 

Problems that require further methodological and theoretical 
research, has identified the main aim and objectives of the present 
research. 

Analysis of recent research results. In the simplest case, we can 
assume that the requirements for maintenance of machines [1] occur at 
points uniformly distributed on the plane [2] bounded by a circle of radius 
 It is obvious that such a hypothesis can be accepted if the location of .ࡾ
the machinery park (objects) is not known in advance [3], and known 
only to the estimated size of service area [4]. In this case, to determine 
the position of points [5], in which there are requirements, it is convenient 
to take the polar coordinate system ሺࢻ;  .ሻ (Fig. 1)࢞

 

 
Fig. 1. Polar coordinates requirements. 
 
Purpose of research is an analytical research of the spatial 

requirements for maintenance of agricultural machines, which occur at 
points uniformly distributed on the territory.  

Results of research. Assuming a uniform distribution of the 
accepted elements in the plane bounded by a circle of radius ࡾ, the 
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value of ࢻ will be distributed according to the law of probability density 
distribution in the range   ࢻ  ࣊, is equal to: ߮ሺߙሻ ൌ

ଵ

ଶగ
. 

The distribution function of the variable ࢞ within   ݔ  ܴ can be 

determined as follows: ܨ௫ ൌ
గ௫మ

గோమ
ൌ

௫మ

ோమ
, where the probability density: 

݂ሺݔሻ ൌ
ଶ௫

ோమ
. This is determined by the probability density of the random 

coordinates of requirements for their uniform distribution in the plane. 
However, almost often, it can meet uneven distribution on the ground of 
the accepted elements, and, consequently, the flow requirements that is 
uneven in space. 

This flow is in some cases described as a discrete scheme in which 
the requirement can arise at an arbitrary point in a known region, but 
only in one of a finite number of fixed points with predetermined 
coordinates. Such a description, for example, with the known 
approaches can be used in relation to Park construction vehicles, 
dispersed on construction sites, the size of which compared to the 
distances separating them are small. Let ࢠ ൌ  of the same cars are 
scattered in five fixed points on the ground (Fig. 2). 

 

 
Fig. 2. Placement of machines on the ground at fixed points. 
 
At some point in time there is a requirement to service one of the 

cars park. We assume that the probability ܲሺࢻ;  ሻ that this requirement࢞
originated in the point with coordinates ሺࢻ;  ሻ, is proportional to the࢞
number of cars centered on the corresponding object. 

Then for the sample random coordinates of the requirements can 
be defined according to: 

Coordinates of point Probability that claim arose at point 
ሺα; xሻ Pሺα; xሻ 
ሺαଵ; xଵሻ 0,20 
ሺαଶ; xଶሻ 0,10 
ሺαଷ; xଷሻ 0,24 
ሺαସ; xସሻ 0,16 
ሺαହ; xହሻ 0,30 
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In general, the distribution of the accepted items on the ground can 
be set by the plan, which elements are depicted as separate points 
(Fig. 3). This plan is overlaid with a rectangular grid of coordinates is 
dense enough for a given degree of accuracy can be considered that all 
the elements in the me or square have the coordinates of the geometric 
centre of the square ሺݔᇱ;  .ᇱሻݕ

 

 
Fig. 3. Plan the placement of accepted elements in general. 
 
The number of items in each square is recorded in the lower-right 

corner squares. We assume that the absolute probability ܲሺݕᇱሻ the 
ordinates of the center of each square will be equal to the ratio of the 
number of elements that are concentrated in all the squares of the plan, 
having the corresponding ordinate to the total number of elements. 
Conditional probability ܲሼݔᇱ|ݕᇱሽ will be equal to the ratio of the number of 
elements, centered in the square with coordinates ሺݔᇱ;  ᇱሻ, to the numberݕ
of elements that are concentrated in all the squares of the plan with the 
ordinate of the geometric center of ݕᇱ. 

Thus, the random ordinate the maintenance requirements of the 
elements arranged as shown in Fig. 3, can be set in accordance with the 
following data: 

Ordinate of the point Probability 
 ᇱ 0,00ݕ
ଵݕ
ᇱ  0.14 
ଶݕ
ᇱ  0,25 
ଷݕ
ᇱ  0,07 
ସݕ
ᇱ 0,11 

ହݕ
ᇱ  0,19 
ݕ
ᇱ  0,10 
ݕ
ᇱ  0,03 
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When modeling the spatial coordinates of the requirements initially 
given probabilities is generated realization of a random ordinates of the 
point at which there is a requirement that у', and then with the 
probabilities given in Table. 1 for this implementation of the ordinate is 
formed by the realization of the random abscissa ݔᇱ. If to solve this 
problem is better to use rectangular and polar coordinates requirements, 

latter are determined by known formulas: ߙ ൌ tanିଵ
௬ᇲ

௫ᇲ
ݔ ; ൌ ඥݔᇱଶ   .ᇱଶݕ

 
1. Conditional probability of random abscissa of point at 

which there is another requirement 
 ᇱሽݕ|ᇱݔᇱ ܲሼݔ

ଵݕ
ᇱ ଶݕ 

ᇱ ଷݕ 
ᇱ ସݕ 

ᇱ ହݕ 
ᇱ ݕ 

ᇱ ݕ 
ᇱ ଼ݕ 

ᇱ  
ଵݔ
ᇱ  0,00 0,11 0,08 0,00 0,00 0,08 0,00 0,00
ଶݔ
ᇱ  0,00 0,22 0,16 0,00 0,18 0,16 0,14 0,00
ଷݔ
ᇱ  0,00 0,00 0,00 0,00 0,23 0,22 0,17 0,00
ସݔ
ᇱ  0,00 0,00 0,00 0,00 0,04 0,10 0,12 0,00
ହݔ
ᇱ  0,00 0,22 0,20 0,20 0.00 0,00 0,02 0,00
ݔ
ᇱ  0,00 0,34 0,20 0,47 0,00 0,10 0,12 0,17
ݔ
ᇱ  0,00 0,11 0,22 0,33 0,00 0,08 0,17 0,50
଼ݔ
ᇱ  0,00 0,00 0,00 0,00 0,00 0,00 0,07 0,33
ଽݔ
ᇱ  0,00 0,00 0,14 0,00 0,23 0,10 0,05 0,00

ଵݔ
ᇱ  0,00 0.00 0,00 0,00 0,32 0,16 0,14 0,00

 
If within the time during which planned maintenance, the 

deployment of the machines on the ground does not change, for each i-
ro requirements in accordance with constant probability ࡼሺ࢟ᇱሻ and 
ܲሼݔᇱ|ݕᇱሽ may be obtained the coordinates of the point ࢻ and ࢞ where 

this requirement originated. If you change in a time of deployment of 
machines, for example upon completion of one object and move on with 
the construction of the other, must, from this time, continue building a 
realization of the random coordinates is accordingly changed to the 
probabilities ଵܲሺ࢟ᇱሻ, ଵܲሼݔᇱ|ݕᇱሽ, etc. 

Conclusions. Found ࢻ random variable and define ࢞ to given 
spatial stream, the moments of occurrence of claims in the reference 
system of machine time, the requirements and the coordinates of the 
points in which they arise. However, at the decision of tasks of technical 
operation it is necessary that the moments of occurrence of the 
requirements recorded in the frame of reference of the working time 
servicing vehicles. 
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АНАЛІТИЧНІСТЬ ПРОСТОРОВИХ ВИМОГ НА ТЕХНІЧНЕ 
ОБСЛУГОВУВАННЯ СІЛЬСЬКОГОСПОДАРСЬКИХ МАШИН 

І. Л. Роговський, В. І. Мельник 
Анотація. Просторове розташування системи сервісного 

обслуговування дилера, основні параметри її функціонування, 
визначають технічну готовність сільськогосподарської техніки, 
що є безпосереднім предметом дослідження. 

Розвиток аграрного товаровиробництва, як і асоційованих 
виробництв, потребує певних коректив у поліпшенні організації і 
технології діяльності сервісних підприємств, освіти дилерської 
системи без повернення до форм, що склалися раніше для 
виробничо-технічного обслуговування великих агрофірм. 

Аграрій не має часом і можливостями для пошуку 
посередників та залучення сервісних послуг до вирішення 
виробничих проблем в силу відсутності можливості маневрування 
виробничими фондами, постійної прихильності до процесів 
виробництва, переривання яких загрожує величезними втратами і 
збитками. 

Аграрні товаровиробники потребують відданих партнерів, 
економічно зацікавлених і оперативно реагують на виникаючі 
проблеми, так як забезпечення високої працездатності машин, 
ефективне виконання будь-яких процесів сільськогосподарського 
виробництва перебувають у прямій залежності від місця та 
строків надання сервісних послуг і визначають прибутковість 
господарств. 

Дослідження в області реалізації послуг технічного сервісу 
через систему сервісного обслуговування доводять значне 
зростання виробництва сільгосппродукції з збільшенням їх попиту 
і застосування. 

У роботі передбачається широке використання методів 
теорії ймовірностей і математичної статистики, фізичного та 
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математичного моделювання параметрів системи сервісного 
обслуговування і техніко-експлуатаційних показників машин. 

Ключові слова: аналітичність, просторове вимога, 
технічне обслуговування, сільськогосподарська машина 
 

АНАЛИТИЧНОСТЬ ПРОСТРАНСТВЕННЫХ ТРЕБОВАНИЙ 
НА ТЕХНИЧЕСКОЕ ОБСЛУЖИВАНИЕ 
СЕЛЬСКОХОЗЯЙСТВЕННЫХ МАШИН 

И. Л. Роговский, В. И. Мельник 
Аннотация. Пространственное месторасположение 

системы сервисного обслуживания дилера, основные параметры 
ее функционирования, определяющие техническую готовность 
сельскохозяйственной техники, являются непосредственным 
предметом исследования. 

Развитие аграрного товаропроизводства, как и 
ассоциированных производств, требует определенных корректив 
в улучшении организации и технологии деятельности сервисных 
предприятий, образования дилерской системы без возврата к 
формам, сложившимся ранее для производственно-технического 
обслуживания крупных агрофирм. 

Аграрий не располагает временем и возможностями для 
изыскания посредников и привлечения сервисных услуг к решению 
производственных проблем в силу отсутствия возможности 
маневрирования производственными фондами, постоянной 
привязанности к процессам производства, прерывание которых 
чревато огромными потерями и убытками. 

Аграрные товаропроизводители нуждаются в преданных 
партнерах, экономически заинтересованных и реагирующих 
оперативно на возникающие проблемы, так как обеспечение 
высокой работоспособности машин, эффективное выполнение 
любых процессов сельскохозяйственного производства находятся 
в прямой зависимости от места и сроков предоставления 
сервисных услуг и определяют доходность хозяйств. 

Исследования в области реализации услуг технического 
сервиса через систему сервисного обслуживания доказывают 
значительное возрастание производства сельхозпродукции с 
увеличением их спроса и применения. 

В работе предполагается обширное использование методов 
теории вероятностей и математической статистики, 
физического и математического моделирования параметров 
системы сервисного обслуживания и технико-эксплуатационных 
показателей машин. 

Ключевые слова: аналитичность, пространственное 
требование, техническое обслуживание, сельскохозяйственная 
машина  
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