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A flow of requirements for the maintenance and repair of machines of the same
model can practically arise during the operation of the machine park of highly
specialized organizations in freight [1], passenger and special-purpose fleets [2],
provided that they are equipped with the same type of machines [3].

When solving problems of technical operation, a set of machines of the same
model in mixed fleets can sometimes be considered in isolation [4]. A prerequisite for
this i1s the availability of specialized plants (workshops, workshops or sites) for the
repair of machines of each model. However, most often the fleet consists of machines
of different models, and their maintenance is carried out by universal repair units.
Therefore, it is necessary to consider a more general case of a flow of requirements
for the maintenance and repair of machines, the source of which is mixed fleets [5].

Let there be cars £ models in the park, each of which will be denoted by the
symbol w =1,2,3,...,E. Number of cars of one model z,. Naturally, the total
number of machines in the fleet will be Y.E_, z,. Expressions are known A, (/M)
that determine the intensity of the total flow of requirements for all types of
maintenance and repair of machines of each model, depending on the consumption of
machine time and the flow of requirements for each type of maintenance or repair
separately A ¢ (m).

Let us consider the issue of forming the moment of working time Tp,,,; of the
occurrence of the i-th application. We will take the index w with the value of the
moment of working time T,;, which means that at the moment T,; there is a
requirement for servicing the machine of the model w, the moments of machine and
working time of the occurrence of the previous application m;_; and Tp,;_; are
known, the coefficients of technical readiness and use of serviceable machines in
time for the mixed fleet as a whole k., ;_; and kg, ;—1, and for groups machines of
each model separately k;.;_; and k;;_, as well as moments of working time (i — 1)
of returning the served requests to the external source Ty, @ = 1,2,3,.., E, of which
only the values are contained in the memory of the machine.

When forming the time interval between the moments t,,; of occurrence
(i — 1) of the i-th requests, it is necessary to take into account the following feature
of a mixed source of requirements. In a mixed fleet, machines of each model can be
used in different ways in terms of time. Therefore, one and the same moment of
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working time corresponding to one specific moment of machine time T,;_; and
measured by the average consumption of machine resources per one listed machme
of the mixed fleet as a whole, corresponds to different values m,, ;_; of moments of
machine time for groups of machines of each model. These moments of time can be
determined by the formulas:
mw,i—l = krw,i—lka,i—lTp,i—l: atw = 1,2,3, . E. (1)
Knowing A, (M) the dependencies and moments of machine time m,,;_4, it is
possible to determine the total intensity of the flow of requirements for all types of
maintenance and repair of machines of each specific model A, (M, ;—1), as well as
the overall intensity of the flow of requirements for all types of maintenance of
machines of all models of a mixed fleet at the moment m;_; according to the
formula:
Ao(mi—l) = ZE)=1 Awo(mw,i—l)a ()
If for all models of machines, the total flow of requirements has the property of
stationarity, then the total intensity of the flow of requirements will be equal to:
Ao = 5)=1 A0, (3)
Substituting the values A,(m;_,) into formulas (2) or (3), one determines the
probability density of the distribution of the interval of machine time between
adjacent events in the general flow of requirements for all types of maintenance of
machines of all models f (¢t,,;)-
In accordance with this probability density, it is possible to form a random
implementation of machine time t,,,; and get:
m; =m;_q + ty;. 4)
If the moment of occurrence m; of the i-th request in the machine time
reference system is known, then it is necessary to determine for which machine
model this request is submitted. Let us assume that during a short period of time the
intensity t,,; of the demand flow does not change. Then with a probability
proportional P,,(m;) to the intensity of the total flow of requirements for servicing
the machines of the model w at the moment m;_;y we can assume that at the

moment m; a request for maintenance or repair of a model machine has w.
Knowing the probability:
P, () = 2etTeith Ap g =123, ., E. (5)

Ag(Mi—q)
it is possible to obtain random realizations of the quantity w;, which

determines which model of the machine an application arose at the moment of time,
;.

The moment of the working time of the occurrence of the -th request is formed,
as in the case of a simple source of requirements, by the iterative method in the
following sequence. First, the value of the utilization coefficients of serviceable
machines of each model is determined over time (formula 1), which for a mixed

source of requirements takes the formi

12ka
kBa)l - 100; (dwl + de + et dw]) (6)

where

136



3bipnux me3 VI-i Mixnapoonoi nayKpeo-npaxmuunoi Kongepenuti «Asmomobireruil mpancnopm ma ingpacmpyKmypas

Ty i-
w=123,...,Ej=1+ [;_1]
p.M
The total utilization rate of serviceable machines over time for a mixed fleet

will then be:

1
kot =~ Xto=1Zw Kowi (0)

As a first approximation, it is assumed that
kril = kr,_i—l; (7)

— M
Tpil N krilksi’ (8)

Putting the value Tp,; in the formula (1), we obtain the coefficients of technical
readiness of machines of each model:

k”w raw
rwil rwi—1 Zpril( pil p.i 1) 2T
X D) (Tpiz — T;;Z)r)Jr, w=123,...E. 9)
Where
1
krilzz Zzlzw kewits (10)

Then, starting from the substitution k; into formula (8), the second cycle of
successive approximations is performed until a value with T,; a predetermined
accuracy is obtained. Having written T,; with the index w, the value of which is
formed according to the probability P,( m;), we get Ty,

It should also be taken into account that with a mixed source of requirements
for determining the values of &;, @;- and x; it is necessary to apply the initial data in
relation to the model of machines for which an application arises at the moment T;.
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