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Abstract: The development of recent years in the field of agriculture has been accompanied by increasing park of the 
means of production and land for services as tractors and agricultural machinery. Distribution and type of agricultural 
assets is done according to the requirements of farmers and their financial ability. The fact of a large number of small 
farms (farmers) has made this paper inventory of land resources and agricultural machinery to be very large and 
composed of by many types of tools. The number of tools and their diversity necessarily requires a well-organized basis 
of their technical service. Today's occasional shortcomings currently are not been performed in specialized services, 
and are not done the most of technical services planned (overhauls). This is due to the lack of services, specialized 
personnel and the existence of a few services in very remote distance between them and the areas above remedies, and 
possible outside territorial space to become their overhauls.  
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1. CONTENT 
 
The choice on which service points (from those who 
actually exist today) will be to perform technical services, 
and to define the place where to set up a new point service 
for tractors and for agricultural machines, is a significant 
problem. This fact is important because it concerns the 
conduct timely and quality services and repairs, the cost 
of performing these technical services but also regarding 
the competition and coexistence with other points of 
service. For solving this problem we will use some 
mathematical methods that will be guiding and assist 
those concerned to develop these methods in its own 
specific conditions. These methods in order to represent 
real data have to be encoded to be used in solving the 
problem. Today in world literature [3] for this problem 
are given orientation coefficients which give the number 
of service points per 100 km2 of land to work. For 
example, the coefficient Ks = 0, 06 means that we have 6 
service points per 100 km2. Crucial condition for the 
existence and further development of these service points 
is the quality of technical services connected with the 
training of service staff and the residence time in the 
service of means of agricultural mechanics. (This time 
should be preferably as the short as it can). The question 
of services quality degree and qualified personnel for 
execution of these services asks for special attention as 
for the present as for future when the tractors and farm 
machineries imported in the last 15 years get old and 
“senescent”.  
Based to the math methods as well as according to the 
number of tractors and farm machineries necessary for 
operation in a farm or certain zone, volume of work and 
methodology for definition of number of services and 
maintenances to be applied, a client can select the most 

effective service point to carry out the technical services. 
Also, these methods can help in making the proper 
orientation and definition for the best-possible location of 
the new service points for tractors and farm machineries 
of a certain zone by which the expenses for transportation 
or farm machineries transfer to the service point have to 
lower and within a favorable radius for the client. In 
addition, the interest and demands of the client for that 
service point have to be in a higher scale effecting directly 
to the economical balance of service point. 
 
2. GOAL 
 
The problem of service quality and personnel qualified to 
perform these services requires special attention not only 
to present but also for the future when it will start "aging" 
for the tractor and agricultural machine imported in these 
last 15 years. By virtue of mathematical methods, based 
on the number of tractors and agricultural machines to be 
used on a farm, or a specific region, the volume of work 
to be performed and the methodology of determining the 
number of services and repairs to be performed, is to 
determine at which point service set up is more profitable 
for the customer to perform technical service and to guide 
and determine exactly the possible occurrence location of 
the new service point for tractors and agricultural 
machines in a given region, where costs for the 
transportation or movement of agricultural tools to the 
point of service, be much lower and within a radius 
profitable for the customer and requirements (interest) on 
this point from the customer service to be more numerous, 
which affects the balance towards the economic point of 
service.  
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3. MATERIAL AND METHODS 
 
By virtue of our studies and world literature [2.3] for this 
problem are been presented some modern methods and 
will be discussed these as follows:  
A. On that occasion at which service point from those that 
exist today actually we pay more to perform services or 
repairs of agricultural tools. To answer this question we 
will use methods as follows.  
The analyses on the existing service station of the services 
and for maintenances Must Be carried to the Agriculture 
mechanismes of the existing service station.  
 

3.1. Model of gravity by Rejlit. The Approach of 
Gravity (Rejlis methods) 

 

In his model Rejli gets "borrowed" from physics, the law 
of mutual attraction of two electric charges not by the 
same token, where, according to this law attractive force 
is proportional to the size of the load and inversely 
proportional to the square of the distance between them. 
According to this model, the atraction point "A" service 
and repair, and point "P" as the customer is "FAP" This 
force depends on several important factors which are:  

 quality of services and repairs  
 technical service charge performed,  
 residence time in the service or repair which is 
required to be much shorter. 

To illustrate this let’s get an example.  
Let be two service points "A & B". Point "A" performs 
high quality services, has a great specific weight in the 
total technical service, technical service time is small and 
with reasonable prices, but customers are geographically 
dispersed in considerable distances to this service points. 
Point "B", performes technical services of all kinds with 
high quality, but there are delays in performing technical 
services, and on the other hand the geographical 
distribution of customers is in short distance toward this 
point. 
To determine which of the points of service for 
performing technical services, will choose the customer, 
Rejli uses gravity model. According to this model, the 
attraction force "FAP", is defined by;  
a-quality of service (relevant koeficents B

T
A

T KK > , 
which means that the quality of services performed at 
point "A" of service is higher, then the quality of service 
performed at point "B" that is a different service)  
b-distance between the centers of service "A & B" and the 
customer which is namely AS & BS ”. Influence of 
distance between the customer and the service point may 
be reflective and the customer in this case uses two 
assumptions: 
The first is analogly the square of the distance between 
the centers and the customer (classic model), and the 
second law of exponential distribution (transformed 
model).  
1) Let's look at the first opportunity. Equations system 
that reflects the withdrawal of services centers "A & B" 
has the following form; 
 

( )2A

A
T

AP
S
KF =   and  ( )2B

B
T

BP
S
KF =  (1) 

For the condition "of non-interest" have FAP = FBP, 
where the attractive force between customer centers for 
this case is the same and therefore receive the following 
equation;  

( ) ( )22 BA SKS =  (2) 

where: B
T

A
T

K
KK = - coefficient, which reflects the quality 

of service are provided points of  service 'A & B' and 
when K> 1, (means that the quality of service at the point 
of service 'A' is higher than the quality of service at the 
point ' B ').  
Let be the distance between two points of service 2a. 
(Fig1a) has placed the center of Cartesian coordinates at a 
point such that the points of services "A & B" be found in 
the X-axis horizontal axis and symmetrically from the 
center of coordinates. Determine the square of the 
distance "SA & SB" and the coordinates of the points "A 
(-a, 0), B (a, 0), P (x, y), and from equation (2) we have:  
( ) ( )[ ]2222 yxaKyax +−=++  (3) 
By performing actions, we conclude the following: 
( ) ( ) ( )
( ) 01

1211
2

22

=−

++−−+−

Ka
xKayKxK

 
(4) 

Record, that attraction from two points of service 'A & B' 
we have (K = 1), for this case we get x = 0. This indicates 
that attractive interest-free line for customers is the axis 
'OY' and in accordance with the settled point of service 
where customers are located in one or another quad of the 
system of coordinates.  On the occasion of the accepted 
condition (K> 1) limits that are not of interest are been 
described by the following equation:  

( ) ( )12222 −=+− mayamx , (5) 

where m> 1  
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Equation (5) we get from equation (4) by substitution 

1
1

−
+

=
K
Km , by sharing all the "limbs" in (K-1), by 

dividing both sides of the equation (4) with K-1 and 
adding the two sides size ' a2m2 '. Then transforming the 
above equation in the form of distance squared, we 
benefit equation of a circle that is shifted from the initial 
position coordinates with size 'am, where' am> a 'and' m> 
1 '. Rezja of this district is presented with the following 
equation: 

BS

B
T

BP
e
KF =  (6) 

This circle represents the line of no interest, which can be 
interpreted in this way: For any point 'P', there is the 
internal circle (6), where the attraction of point 'B' is 
greater than the point 'A' therefore customers prefer 
service point 'B'. In this case if customer (point P) is 
located outside the district line, it selects the point of 
service 'A' (Fig.1a).  
2) The second case (model transformed): 
In terms of the system of coordinates, attractive centers 
srviseve "A & B" are characterized and presented by the 
following equations  

AS

A
T

AP
e
KF =  (7) 

BS

B
T

BP
e
KF =  

The line of non interest lies in the condition, which after 
logaritmimit evolves as in equation 8:  

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
=−=− B

T

A
TB

T
A

T
BA

K
KKKSS lnlnln  (8) 

In this case we have the term const
K
K

B
T

A
T =⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
ln  and in 

accordance with, (8) represents the equation of a 
hyperbole, which represents the locus of points, in which 
the difference of distances from two points of given 
services is a constant size (this feature hiperboles) [2] The 
graph shown in fig.1b, characterizes two areas in which 
the service operates.  

 

 
 

Fig.1b 

B. Determination of the location where you can build a 
new service points. 
Difinition of the new service station location. 
As a result of unplanned development of private farms in 
terms of the type of agricultural activity withdrawn from 
agricultural product demand, initially arise and develop 
different types and their size, and displayed in the second 
phase of the needs of the service problems technical 
machinery. For solving this problem use the following 
methods:  
 

3.2. Method for determining the center of gravity 
of the area plans (the area).  

 

The method with the definition of Gravity center plans 
within the surface. Establish point of service, assuming 
that the first performance of current technical services, 
and the prospect of the area where research is to be done. 
Determination of the location where you will set up the 
point of service and method of determining the center of 
"gravity" of the area. For this purpose, is to be studied the 
area at points where are concentrated loads of technical 
service (ie, tractors and agricultural machines to be 
repaired), which may be 1, 2.3, .... N, and put these points 
on orthogonal system of the coordinates. For each point 
determine the amount of the aggregate volume of 
agricultural services, which for this case are Q1, Q2 ... 
Qn, which include work performed for technical services 
as well as costs for the movement of vehicles to the point 
of service. The projection of these points in the coordinate 
axes give us sizes 'x1, x2, ... xn, and y1, y2 .... Yn.' After 
this determine the coordinates of the unknown, that 
represent the center of gravity of the area. These 
coordinates are 'XP and YP' and determined by the 
following equations:  

n

nn
P QQQ

QxQxQxx
...
....

21

2211

++
++

=
 

(9) 

n

nn
P QQQ

QyQyQyy
......
......

21

2211

++
++

=
 

Intersection point coordinates 'XP and YP' design the site 
where can set up a new service point for agricultural 
aggregates. But at this point can not be fulfilled the 
conditions and other requirements that may be, the lack of 
electricity, water, not suitable terrain, lack of transport 
routes of movement for agricultural aggregates to the 
point of service, etc.. In this case the point of service is to 
be moved to a closest point that satisfies all the conditions 
for such services in view of agricultural machinery in the 
area. Such solutions have some limitations in practical 
application that may be. Customers who are expected to 
come to the point of service to perform their services in 
aggregate, often do not respect graphs for services, this 
may be the weak power of prosperity to afford the service 
at the right moment and planned, but, the ignorance that 
they have to perform the service thinking that will not 
occur any defect in their agregates. This is unacceptable 
for life and certainly aggregate Deferred expenses will be 
larger. Of course, that it is based on data as for any 
aggregate but also in world literature data, will be taken in 
consideration when calculating the load and its 
distribution throughout the year. The final solution for 

b 0a R x-R

y

Y=f(x)
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this method will be obtained after correction and 
adjustment of convrete conditions to study the territory.  
 

3.3. The method of gravity center of each rib is 
trapes where curve.  

 

The method of Gravity center of the trapes.  
Understanding the gravity center with a steep curve trapes 
presented with the condition: ( ),0 xfy ≤≤  

For bxa ≤≤  
Suppose the dependance  y = f (x) has no interruption in 
the segment [a, b] where trapes measure is distributed 
uniformly, so that the importance of superficial ρ 
(kg/cm2) is constant and equal to the unit. In this case, to 
find the mass "m" to trapes calculate its surface. It should 
therefore be to determine the coordinates of the center of 
gravity of the half circle of radius "R" with its center in 
the center of the system of coordinates and which is 
located in the upper plan of the axis of abscissa (fig.1b) 
for ρ = 1. For this purpose, study the system of material 
points A1 (x1, y1), A2 (x2, y2 ),............. An (xn, yn), on 
the surface "Oxy" measures of which correspond to "M1, 
M2 .... mn."  
Static moment of this system in relation to the axis 'ox' 
will be,  

nnx ymymymM ....2211 ++=  (10)  

While the static moment about the axis "oy" will be, 

nny xmxmxmM ...2211 ++=
 

Point coordinates ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
m

M
m

M xy , , where;  

m = m1 + m2 + .... mn is called the center of gravity of 
the system.  
Measure all trapezit based on mathematical analysis [2] 
defined:  

∫∑ ==∆=
=

→

b

a

n

i
ii Sdxxfxfm )()(lim

10
ε

λ
 

(11) 

where "S" - is all trapezit surface.  

From which derive the coordinates of the center of gravity 
trapezit (to study the area): 

( )

S

dxxxf
x

b

a
c

∫
=

   

( )

S

dxxf
y

b

a
c

∫
=

2

2
1

 
 (12) 

From the above conclusion is that, this method can be 
used as a method of mass material points, and the area of 
service with this method is presented in a circle where its 
radius is:  

22 xRy −=  
 

3.4. The method of the Curb Gravity center 
 

Let's assume that plans AB curve, with equation y = f (x), 
for there is no break in the segment [a, b]. Curve is linear 

homogeneous and its weight ρ = 1 (kg / m) is constant, L-
length of all curve AB. So the curve measures will be ρL 
= m = L, and the coordinates of the center of gravity than 
curve AB will be: 

L

dxyy
y

L

dxyx
x

b

a
c

b

a
c

∫∫ ++
=

2'2' 1
,

1

 
(13) 

From equation (13) results 
 

∫ +=
b

a
c dxyyLy 2'1

 
By multiplying both sides of the above expressionby π2 , 
we get: 

∫ +=
b

a
c dxyyLy 2'122 ππ  (14) 

Turn right equalizer (14) represents an area which derived 
from rotation curve about axis "ox" while the left 
represents the length of the periphery of the circle with 
radius "yc [2] Analysis of this method allows us to get 
conclusions and to determine the most appropriate place 
to set up a new service point considering the curve as a 
system of material points (in the sense that we have given 
material points in this study, as points that represent an 
aggregate number of agricultural service will be 
conducted at points of service to determine)  
 
4. CONCLUSIONS 
 
The analysis methods mentioned above and the study of 
work processes conclude that the optimal placement of 
point of service to be oriented agricultural mechanics; to 
minimize costs that do not produce income, to minimize 
transport time agragateve agricultural point of repair, to 
minimize the length of service time technical in the 
highest quality of service etc. 
The final choice of one or the other method mentioned 
above, for determining the location where can be set up a 
service point, should be well studied in each case in 
particular, and in line with the concrete conditions of the 
terrain that was studied 
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