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Let us consider the question of the transition from machine to working time of
the park [1]. Let the requirement for service arise at the moment of computer time
;. In the system of counting the working time of the machine park, this will
correspond to the moment in time:

R (1)
where k,;, k,; — the coefficients of technical readiness of the system of serviced
elements and the use of serviceable elements for the time from the beginning of the
countdown to the moment the i-th requirement arises.

The value kg of the utilization rate of serviceable machines in the fleet can be
obtained by analyzing the annual and shift modes of operation. In addition, the results
obtained can be refined by comparison with the expected load of machines, based on
the planned amount of work, as well as with statistics on the actual use of serviceable
machines in the past [2].

With a constant intensity of use of machines throughout the year, we get

. However, if the operation of the machine park is seasonal, then
the value kp; will change over time. Let the distribution of the annual consumption of
machine resources by months be given. The specific weight of the consumption of
machine resources for each month as a percentage of the annual is known

For simplicity, we assume that during each month the intensity of use of
machines does not change. Then the utilization rate of serviceable machines kp; in
time from the beginning of the countdown to the moment the i-th requirement arises
can be determined with sufficient accuracy by the formulas:

—(dy+dy+-+d); =1+ [—]

where k, — the average annual coefficient of use of machines;
—moment of working time when the -th requirement arises;(i — 1)
— average monthly working time of the park;
[x] — a function of the integer part ofx.
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The coefficient of technical readiness of serviced elements k,; cannot be set in
advance at all, since its value depends not only on the intensity of the flow of
requirements, but also on the unknown, determined only in the process of solving the
task, the efficiency of the service system.

Therefore, the flow of requirements for closed queuing systems in the working
time reference system cannot be predetermined at all, but must be formed in the very
process of solving the problem on the basis of a predetermined flow in the machine
time reference system. Hence it follows that the computer time reference system
proposed for describing the incoming flow of requirements is the key to solving the
problems of queuing requirements in closed systems using the Monte Carlo method.

Let us assume that the mathematical model for servicing requirements has
already been compiled and is being implemented on the computer, as a result of
which the working time moments (i — 1) of the return of the serviced requirements
to an external source become known, of which only the values Ty, = 1,2,3,...,i — 1
bare contained in the memory of the machine T, > T;_;. The moment of occurrence

of the next th requirement can be determined by the formula:
krs

i = ris = g (T = Toia) + = BT~ Tydae (@)
where (x), = max(x; 0) or cannot take negative values;
kr 5 — coefficient of technical readiness of the machine park, which could take
place if the machines required maintenance only by their crews.

Coefficient krj.i1s determined analytically by formula (1), into which the
corresponding values of A" and p' are substituted. If there is no system for servicing
vehicles by their crews in the network, the value kr3 = 1 is substituted into formula
(2). On the right side of this formula, the second term determines the decrease in the

technical readiness factor for the period T,; — T,;—1, due to the occurrence of the

(i —1)-th requirement, and the third term — its increase due to the serviced
requirements returning to the external source for the same period of time, which
corresponds to the physical meaning of phenomena in a closed network of mass
service [3].

The formation of the moment of working time of the occurrence of the i-th
requirement is carried out by the iterative method in the following sequence. In the
first approximation k,;; = k, ;_4, it is assumed that. Then, according to the formula
(1), also 1n the first approximation, the value is determined which is used in order to
find a more accurate value Tp;; of the technical readiness factor k,; using the formula
().

At this, the first cycle of the process of successive approximation ends and the
transition to the second cycle is carried out, which is carried out similarly, starting
with the definition Tj,;s by formula (1), etc. Each time, the values of the moments of
occurrence of the i -th requirement obtained in this and the previous cycles are
compared T,;. The formation can be considered complete if the condition T;:

Tpis - Tpi,s—l < iﬁ’ (3)
where s — the serial number of the cycle of re-formation of the moment of occurrence
of the i-th requirement;
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p — predetermined calculation accuracy.

If condition (3) is satisfied T;, it is taken equal to Ty, all values are excluded
Ty < T,; from the computer memory and service simulation is carried out i-th
requirement in the queuing network, as a result of which the memory of the machine
is replenished by the time of its return to an external source T;..

From the analysis of formula (2) it follows that k,.; less and less differs in value
from k,;_; with an increase T,; in when T,; — oo the value of the coefficient of
technical readiness stabilizes. However, the formation of the moments of occurrence
of service requirements by the proposed iterative method showed that even in the
initial period of modeling, in order to achieve a calculation accuracy of up to one
thousandth, it is usually sufficient to perform no more than 3—4 repeated cycles of
formation of the moment of occurrence i-th applications.

The moment of occurrence T,; of each request in an external source in the
reference system of the working time of serviced elements is obtained. If we accept
the same working time counting system for service devices, then the described
transition from machine to working time is sufficient for solving practical problems
of mass service. However, more complex situations often occur in practice. For
example, a machine park can work in one shift, and the workshops servicing it in two
shifts, or vice versa. The machine park can work in two shifts and be serviced by
several workshops with one-, two- and three-shift operation modes. In this case, for
an external source of requirements and for each queuing system connected to a
common network, different working time reference systems are adopted.

So, for an external source of requirements and all queuing systems operating in
different modes, one could adopt a single calendar time reference system. But then
the flow of working time of serviced elements and devices with different
interruptions in each system would be discrete, which would undoubtedly lead to
significant difficulties in modeling and especially in optimizing queuing systems by
changing their operating modes. Therefore, while maintaining for the source of
requirements and each queuing system the reference of working hours corresponding
to their specific modes of operation, it is proposed to use calendar time only for the
transition from one of the accepted systems of reference of working hours to another.
To do this, the time is conditionally taken as a calendar time minus weekends and
holidays, common requirements for the source and all queuing systems.

To change from working hours 7}, in one system through calendar time 7T to
working time in another system, taking into account the discrete nature of the flow of
working time, as well as the fact that requirements arise at the source or leave the
queuing system only during working hours, the following logically obvious formulas

can be proposed:
T =[] o+ et @

T
T,=T— [t_u] (ty —nete) — (T — H ty — Nete)s (5)
where n, — the number of work shifts per day; t. — the duration of the shift; ¢,
calendar cycle time (days) (24 & and 1440 min, depending on which unit of time
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measurement is adopted); /x/, {x} — integer and fractional part functions x, (x), =
max(x; 0).

With different operating modes of the source of requirements and the service
system, there are periods of time when the service devices are working, but the
requirements are not received (for example, during the second shift of the workshops
during one-shift operation of the fleet), and vice versa. In the first case, the devices
can be busy servicing earlier received requests that were in the process of servicing or
were waiting for servicing at the beginning of the considered period of time. In the
second case, a queue may form even if the attendants are free, but do not work
according to the mode set for them. Then, at the end of the break, the devices
immediately receive several requests at the same moment of their working time. In
this case, the ordinariness of the flow of requirements disappears, which, obviously,
like stationarity, is a relative concept, it may or may not manifest itself depending on
the accepted time reference system.

All these complex situations are described by the above formulas (4) and (5).
Let the park work in one shift (7 %), and the service workshop — in two (14 /). The
same moment of park working time T,,=A hat according to formula (4)
corresponds to two moments of calendar time A— 0, T; =31 2 and T, = 48 & and
two moments of the working time of the workshop -T},,; = 21 4 and T, \, = 28 A.
The workshop works without receiving new applications for one hour T, y; — Ty w1 =
7 h. Suppose now that the park works two shifts during the day, and the workshop

one seven-hour shift. In the park, demands arise at the moments of working time and
hours T, ;1 = 50; T, n; = 54; Ty ns = 56. Then, according to formulas (4) and (5) and
hours T; =80;T, =84; T3 =96 h Ty y1 = Tpmz = Tyms = 28, the  workshop
receives three demands at the same time at the same moment of its working time.

However, formulas (4) and (5) are valid under the condition of the same
operating modes of service systems every day, for example, with a five-day working
week. With a six-day working week, seven-hour shifts and a working day reduced by
1 hour on weekends, for practical calculations, an average shift duration equal to
6.83 working hours can be taken. At the same time, errors in determining the
moments of working time should not exceed 2.5% even in the initial period of
simulation. Consequently, the possibility of determining the moments of occurrence
of applications in different reference systems of working time has been obtained,
which will be repeatedly used in the future when modeling queuing processes
occurring in complex stochastic networks.
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