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Abstract:

Introduction/purpose: The aim of this paper is to obtain quantitative and
qualitative indicators of vehicle condition and reliability based on operational
data which can be used to determine the optimal periodicity of preventive
maintenance for special purpose vehicles, and to more accurately manage
the maintenance process and the operational readiness of these vehicles.

Methods: Based on operational failure data and statistical methods, a
mathematical model of the reliability of special purpose vehicles was
determined. Using this model and operational data, the periodicity of
preventive maintenance for the vehicles was determined through muilti-
criteria  optimization, considering both readiness and minimum
maintenance costs. The same methodology was applied to determine the
optimal preventive maintenance periodicity for 15 components of the
mechanical system of special purpose vehicles. A group analysis was
conducted using Minitab 15 statistical software, based on the theory of
similarity in preventive maintenance periodicity for the 15 components, and
a statistical analysis of the conducted research was performed using
Minitab 16 statistical software.

Results: Models for preventive maintenance of special purpose vehicles
were developed based on the recorded vehicle failures and the failures of




fifteen vital components. A group analysis grouped the fifteen components
into optimal maintenance groups, similar in terms of working time between
failures. The statistical analysis of the research determined a functional
relationship for the optimal periodicity of preventive maintenance for special
purpose vehicles.

Conclusion: The maintenance periodicity obtained through multi-criteria
analysis is optimal, as it achieves satisfactory vehicle readiness with optimal
maintenance costs. The statistical analysis of the research concluded that
the maintenance periodicities of the vehicle components are different. In
both fleets, the engine and the transmission block have the longest
maintenance intervals. The research results can be used to rationalize the
existing preventive maintenance concept.

Key words: vehicle, reliability, availability, preventive maintenance,
costs, optimal periodicity, multi-criteria analysis.

Introduction

Special purpose vehicles are the most common combat armored
vehicles in the Serbian Armed Forces. They are used for general, special,
and specific tasks, and are thus exposed to various workloads. Therefore,
vehicles, their components, subassemblies, assemblies, and aggregates
are exposed to constant environmental influences and disturbances that
occur in processes of state changes, resulting in failures of various kinds.
Such changes necessitate vehicle maintenance as a system, which should
have a required relationship of permissible deviations from its prescribed
technical and operational capabilities. The key question in maintaining
special purpose vehicles is primarily to avoid the consequences of failures
and to return the vehicle to a defined operational state. To achieve this, it
is necessary to minimize failures to an acceptable level and, if possible,
prevent their occurrence entirely by implementing preventive maintenance
procedures at appropriate intervals.

Given all of the above, the aim of this study is to determine, based on
vehicle operation data, the quantitative and qualitative indicators of vehicle
condition and reliability. These indicators are used to establish the optimal
periodicity for preventive maintenance of special purpose vehicles.

Methodology

The subject of this research refers to the vehicles from two technical
parks, the A fleet/park and the B fleet/park. Each fleet has 20 special
purpose vehicles (referred to as the vehicles in the following text). The
vehicles from both fleets were used and stored under different operational
and storage conditions. The data on operating times until failure were
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collected over a period of two years. During this period, the fleet of the A
park had 269 failures, and the fleet of the B park had 279 failures. The
mentioned failures, in both fleets of these vehicles, related to 29 vital
components.

One of the basic prerequisites for optimizing the vehicle maintenance
system and predicting its future behavior is finding a mathematical model
that can represent the behavior of vehicles in terms of fault occurrence. If
it is possible to determine the reliability distribution law, it is possible to
determine all reliability parameters (reliability, unreliability, failure rate,
failure density, time to failure). Therefore, based on the recorded failures,
a reliability model of vehicles in the two fleets in question was determined.

After grouping failures by intervals of operating times until failure, an
assessment was performed of the following reliability indicators: reliability
function, unreliability function, failure density distribution function, and
failure rate function (Catié, 2005, pp.157-232; Bio¢anin & Pavlovi¢, 2011,
pp.106-113; BioCanin & Timotijevi¢, 2020, pp.1-6; BioCanin & Timotijevi¢,
2021, pp.474-480; British Standards Institution, 2024). Based on the
obtained data, theoretical distributions that best approximate empirical
distributions were selected. The approximation of empirical distributions
was done using the theoretical Weibull, exponential, Rayleigh, and normal
distributions. The concordance of empirical and theoretical distributions
was assessed using Kolmogorov-Smirnov, Pearson, and Romanovsky
tests (Catié, 2005, pp.157-232; Bioganin & Pavlovi¢, 2011, pp.106-113;
Bio€anin & Timotijevi¢, 2020, pp.1-6; Bio€anin & Timotijevi¢, 2021, pp.474-
480; British Standards Institution, 2024; Krsti¢ et al, 2013). Based on the
test results, for both vehicle fleets, the Weibull two-parameter distribution
was adopted for the reliability model, confirming the universality of the
Weibull two-parameter distribution in determining the reliability of complex
technical systems.

The optimal maintenance interval for the vehicles was determined
based on the criterion of maximum readiness and the criterion of minimum
costs. The preventive maintenance interval obtained based on the criterion
of maximum readiness, where the highest allowable costs are the
constraint, is shorter than the interval obtained based on the criterion of
minimum costs, where the minimum level of readiness is the constraint.
This means that preventive maintenance according to the maximum
readiness model needs to be performed more frequently, leading to higher
maintenance costs. Preventive maintenance according to the minimum
costs model is performed less frequently, but the vehicle readiness is
unsatisfactory. Therefore, the preventive maintenance interval for the
vehicles was determined by a compromise solution that considers both




criteria. The maintenance interval obtained in this way is optimal because
it achieves satisfactory vehicle availability with optimal maintenance costs.

Following this, the maintenance interval for the vehicle components
was determined by a compromise solution, i.e., one of the methods of
multi-criteria optimization.

A statistical analysis of the functional relationship of the maintenance
periodicity of the vehicle components was performed.

In order to further optimize and manage preventive maintenance
processes more precisely based on the determined optimal maintenance
intervals for components, a group analysis of the obtained maintenance
intervals was performed using Minitab 15 statistical software, which
resulted in optimal grouping of local maintenance intervals for multiple
components into a single common interval. This yielded another model for
preventive maintenance of vehicles.

Results

The periodicity of preventive maintenance for specialized
vehicles

According to the established methodology (Catié, 2005, pp.158-232;
British Standards Institution, 2024; Bio¢anin & Timotijevi¢, 2021; BioCanin
Pavlovi¢, 2011, pp.106-130), based on the systematized data on the
vehicle failures from the A fleet and the B fleet, a reliability model of the
vehicles from both fleets was determined. Then, the optimal maintenance
periodicity for the vehicles was determined based on the criterion of
maximum availability (Krsti¢, 2009, p.488), the criterion of minimum costs
(Krsti¢, 2009, p.488), and a compromise solution (Bass & Kwakernaak,
1977, pp.47-58; Vincke, 1992.; Paul Yoon & Hwang, 1995; Pavli¢i¢, 2000,
pp.109-122; Vargas, 1990; BioCanin & Timotijevi¢, 2021; BioCanin &
Pavlovi¢, 2011, pp.106-130; Bio€anin & Timotijevi¢, 2023, pp.1084-1092),
which provides satisfactory availability of the vehicles with the optimal
maintenance costs.

a) The reliability model of the vehicles from the A fleet

In order to determine a theoretical distribution model that could be
used to approximate the empirical distribution, an approximation of the
empirical distribution was made using the theoretical Weibull, exponential,
Rayleigh, and normal distributions. The agreement between the empirical
and theoretical distributions was evaluated using the Kolmogorov-Smirnov
test, Pearson's test, and the Romanovsky test. Statistical data processing
was performed using the Statistics Toolbox for use with MATLAB.
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Utilizing non-parametric testing of hypothetical distribution models,
the quantitative indicators of deviation of theoretical models from the
empirical distribution are obtained. The calculated deviations can be used
not only to confirm whether the theoretical model satisfies a certain
significance level test, but also to adopt the theoretical model for which all
or the majority of deviations are the smallest (Cati¢, 2005, pp.158-232).
The reliability function of the vehicles from the A fleet according to
(BioCanin & Timotijevi¢, 2021) is as follows:

Bwa 2.4993
R(t) = e_(ﬁ) = e_(m) (1)

where:

- Ris the reliability function,

- Pua is the shape parameter for the A fleet,

- Nwis the scale parameter for the A fleet, and
- tistime.

b) The reliability model of the vehicles from the B fleet
According to the same methodology, a reliability model for the

vehicles in the B park was determined (Table 1).

Based on the obtained data, the Weibull two-parameter distribution
has been adopted as the approximate reliability model with a scale
parameter nwb = 385.7522 and a shape parameter fwb = 2.8800. The
reliability function for the special purpose vehicles from the B park is as
follows:

¢ \Bwb 2.8800

where:

R is the reliability function,

- Bw is the shape parameter for the B fleet,

- nw is the scale parameter for the B fleet, and
tis time.




Table 1 — Distribution models for the B fleet

Kolmogorov-Smirnov

S test Pearson’s test Romanovsky test Note
PA T ZIN PA T ZIN PA T | ZIN
. Adopted
Weibull 0.0401 | 0.0641 z 0.0103 | 12.592 z 1.7291 | 3 z distribution

Exponential | 0.3013 | 0.0641 N | 0.5531 | 14.067 | Z 17230 | 3 | Z

Rayleigh 0.1345 | 0.0641 N | 0.1358 | 14.067 Zz 1.8345 | 3 z

Normal 0.0538 | 0.0641 4 0.0146 | 12.592 z 1.7278 | 3 z

The reliability function for the 7(L)Bwb < ¢ )
vehicles in the B fleet R(t) =e “wp = ¢~ \3859522

2.8800

Determination of the periodicity of preventive
maintenance of the vehicles using the maximum avialibility
criterion

By varying the periodicity of the time between preventive
maintenance, a functional dependence of availability on maintenance
periodicity is obtained, based on which the maintenance periodicity that
provides maximum readiness can be determined.

The value of operational readiness (Krstic¢, 2009, p.488) is as follows:
trttny
G(t) = W 3)
where:
- G(1) is the operational readiness,
- I is the operating time,
- twris the waiting time for operation availability,
- 1, is the preventive maintenance time,
- F(t) is the unreliability function, and

-tk is the corrective maintenance time.

a) A fleet

The results of determining availability for different maintenance
periodicities in the A fleet are given in Table 2.

In Figure 1, a graphical representation of the dependence of
readiness on the periodicity of preventive maintenance of the vehicles in
the A fleet is given (Krstic et al, 2013).
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According to (BioCanin & Timotijevi¢, 2021), based on Figure 5, it can
be concluded that the maximum readiness of the vehicles from the A fleet
(Gmax=0.9940) is achieved for a maintenance periodicity of t. =113 hours
of work [h], because for this maintenance periodicity, the function G(t,)
reaches its maximum.

Table 2 — Results of determining the availability for different maintenance periodicities in

the A fleet
Maintenan
ce 50 | 100 | 150 | 200 | 250 | 300 | 350 | 400 | 450 | 500
periodicity
[h]
t [h] 50 | 100 | 150 | 200 | 250 | 300 | 350 | 400 | 450 | 500
t» [h] 10.0 | 10.0 | 10.0 | 10.0 | 10.0 | 10.0 | 10.0 | 10.0 | 10.0 | 10.0

t« [h] 90.0 | 90.0 | 90.0 | 90.0 | 90.0 | 90.0 | 90.0 | 90.0 | 90.0 | 90.0

0.00 | 0.04 | 012 | 024 | 0.39 | 0.54 | 068 | 0.79 | 0.88 | 0.93

F 88 | 88 88 65 00 15 22 82 33 89
R 099 | 095 | 0.87 | 075 | 061 | 0.45 | 0.31 | 0.20 | 0.11 | 0.06
12 12 12 35 00 85 78 18 67 11
o [h] 115 | 230 | 345 | 460 | 575 | 6.90 | 8.05 | 9.20 | 10.3 | 115
hr 0 0 0 0 0 0 0 0 50 00
) 099 | 099 | 0.99 | 0.99 | 098 | 098 | 0.97 | 0.96 | 0.93 | 0.89

10 39 35 18 88 41 63 32 985 59
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Figure 1 — Dependency of readiness on the periodicity of preventive maintenance of
the special purpose vehicles in the A fleet
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Figure 2 — Dependency of readiness on the periodicity of preventive maintenance of the
special purpose vehicles in the B fleet

b) B fleet

Using the same methodology as for the A fleet, the optimal
maintenance periodicity for the vehicles in the B fleet has been
determined. Table 3 shows the results of the availability determination for
different maintenance frequencies in the B fleet.

Table 3 — Results of determining the availability for different maintenance periodicities in

the B fleet

F’:/Lar:g:ﬁg:;ﬁ?] 50 100 150 200 250 300 350 400 450 500
t[h] 50 100 150 200 250 300 350 400 450 500
t, [h] 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0
& [h] 90.0 90.0 90.0 90.0 90.0 90.0 90.0 90.0 90.0 90.0
= 0.0028 | 0.0203 | 0.0637 | 0.1400 | 0.2493 | 0.3842 | 0.5303 | 0.6705 | 0.7895 | 0.8789
R() 0.9972 | 0.9797 | 0.9363 | 0.8600 | 0.7507 | 0.6158 | 0.4697 | 0.3295 | 0.2105 | 0.1211
t [h] 1.150 2300 | 3450 | 4.600 | 5750 | 6.900 | 8.050 | 9.200 | 10.350 | 11.500
G(t) 0.9915 | 0.9950 | 099554 | 0.9948 | 0.9934 | 0.9909 | 0.9868 | 0.9802 | 0.9688 | 0.9476

Based on Figure 2, it can be concluded that the maximum readiness
of the vehicles from the B fleet (Gnax = 0.9956) is achieved for a
maintenance periodicity of t.= 141 h.
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Determination of the periodicity of preventive
maintenance of vehicles using the minimum cost criterion

This model determines the optimal interval for the periodic
implementation of preventive maintenance procedures for vehicles, which
minimizes costs while ensuring the required availability and readiness.

Maintenance costs can be expressed as (Krsti¢, 2009, p.488; Krsti¢
et al, 2013):

Cr—(Ck—Cp)R(E)

¢ = R(D)dt

(4)
where:

- C(t) is maintenance costs,

- Cyis corrective maintenance costs, and

- G, is preventive maintenance costs.

a) A fleet

By applying the given expression for maintenance costs, for different
periodicities of preventive maintenance of special purpose vehicles, the
maintenance cost values for the vehicles in the A fleet were obtained, as
shown in Table 4.

Table 4 — Maintenance costs for different maintenance periodicities of the vehicles in the

A fleet
Maintenance
periodicity [h] 50 100 150 200 250 300 350 400 450 500
Cx [mu] 35000 35000 35000 35000 35000 35000 35000 35000 35000 35000
Cp [mu] 7000 7000 7000 7000 7000 7000 7000 7000 7000 7000
R(t) 0.9912 0.9512 0.8712 0.7535 0.6100 0.4585 0.3178 0.2018 0.1167 0.0611
t
f R(t)dt 49.87 98.590 144.31 185.07 219.23 24593 265.26 278.13 285.96 290.30
0
C(t) [mu] 145.30 84.86 73.49 75.11 81.74 90.11 98.39 105.52 110.,96 114.67

Note: The abbreviation "mu" in Table 4 reffers to a "monetary unit".

The data on preventive maintenance costs (Cp) and corrective
maintenance costs (Cix) are taken from the accounting documentation of
the authorized maintenance workshop.

Table 2 shows that the minimum maintenance costs for the vehicles
in the A fleet are achieved for a preventive maintenance periodicity of 100
to 200 h. By discretizing the maintenance periodicity interval from 50 to
500 with a step of 1, the minimum total specific costs and the maintenance
periodicity for minimum total specific costs are calculated.




Figure 3 provides a graphical representation of the dependence of
total specific costs on the periodicity of preventive maintenance of
vehicles.

According to (Krsti¢ et al, 2013) and Figure 3, the optimal
maintenance periodicity is 163 h.
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Figure 3 — Dependency of total specific costs on the periodicity of preventive
maintenance of the special purpose vehicles in the A fleet
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Figure 4 — Dependency of total specific costs on the periodicity of preventive
maintenance of the special purpose vehicles in the B fleet
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b) B fleet

Using the same methodology as for the A fleet, the maintenance costs
(Table 5) and the optimal maintenance periodicity for the vehicles in the B
fleet were determined (Figure 4). Based on Figure 4, it can be concluded
that the minimum costs (Cnin=56.6405 [mu]) are achieved for a
maintenance periodicity of the vehicles from the B fleet of .= 193 h.

Table 5 — Maintenance costs for different maintenance periodicities of the vehicles in the

B fleet
Maintenance
periodicity [h] 50 100 150 200 250 300 350 400 450 500
Cx [mu] 35000 35000 35000 35000 35000 35000 35000 35000 35000 35000
Cp [mu] 7000 7000 7000 7000 7000 7000 7000 7000 7000 7000
R(t) 0.9972 0.9797 0.9363 0.8600 0.7507 0.6158 0.4697 0.3295 0.2105 0.1211
t
f R(t)dt 49.964 99.475 147.50 192.55 232.94 267.19 294.34 314.26 327.64 335.80
0
Ct [mu] 141.658 | 76.077 59.555 56.709 60.015 66.456 74.230 82.012 88.835 94.126

Determination of the optimal periodicity of preventive
maintenance of vehicles using multi-criteria optimization

For solving this task, a multi-criteria optimization method known in the
literature as MCDM (Multi Criteria Decision Making) was applied. One of
the methods of multi-criteria optimization used in the paper is the Analytic
Hierarchy Process (AHP). This method is based on the principle of
decision making based on the knowledge and data available at the time of
decision making. The creative decision-making process is scientifically
based on the concept of analytics, hierarchy, and process, as well as on
the benefit and the cost criteria of optimality.

a) A fleet

The optimal periodicity of preventive maintenance has been
determined and amounts to 162 h (BioCanin & Timotijevi¢, 2021).

b) B fleet

Using the same methodology, the optimal periodicity of preventive
maintenance for the special purpose vehicles in the B fleet was adopted
and amounts to 192 h. Figure 6 provides a graphical representation of
finding the best alternative.
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Figure 6 — Graphic representation of alternatives for determining the maintenance
periodicity by a compromise solution in the B fleet

The value of the optimal periodicity for conducting preventive
maintenance procedures for special purpose vehicles is determined
according to the criterion of the maximum vehicle readiness to be 113 h
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for the vehicles from the A fleet and 141 h for the vehicles from the B fleet,
and according to the criterion of the minimum maintenance costs to be 163
h for the vehicles from the A fleet and 193 h for the vehicles from the B
fleet. By compromising, the value of the sought optimal periodicity for
conducting preventive maintenance procedures was determined, taking
into account both optimization criteria, and it amounts to 162 h for the
vehicles from the A fleet and 192 h for the vehicles from the B fleet. A
graphical representation of the periodicity of preventive maintenance for
special purpose vehicles, determined according to the three mentioned
criteria, is given in Figure 7 for the vehicles from the A fleet and in Figure
8 for the vehicles from the B fleet.
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Figure 7 — Graphic representation of the preventive maintenance period for the
specialized vehicles in the A park
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Figure 8 — Graphic representation of the preventive maintenance period for the
specialized vehicles in the B park




The calculated periodicities of preventive maintenance for the special
purpose vehicles in the A fleet and the B fleet are different. The
maintenance periodicity for the vehicles in the B fleet is longer than that
for the vehicles in the A fleet.

The vehicles from B fleet were used under harsher operational
conditions in a geographic area with notably hilly terrain. The driving crews
and maintenance personnel are less trained, and the workshop capacities
are inadequate for work, especially during the winter period, with workshop
equipment being of an older generation. The storage and preservation
conditions for the vehicles are also worse since vehicles in the A fleet are
stored under a canopy, while those in the B fleet are stored in an open
area.

Determination of the optimal periodicity of preventive
maintenance of vehicles by analyzing the maintenance
periodicity of vehicle components

Most models optimize preventive maintenance of technical systems
at the component level. Therefore, it is a major challenge to optimize the
preventive maintenance process of a complex technical system such as a
motor vehicle, which consists of several tens of thousands of components,
50-60% of which lose their initial properties during operation, 30-40% have
a shorter lifespan than the vehicle, and an average of 200-300
components are critical in terms of reliability and require more frequent
preventive inspections and corrective actions. The solution lies in finding
an optimization model for preventive maintenance of vehicles based on
the combined application of the results of several maintenance
mathematical models for vehicle components, and then grouping the
preventive maintenance periods for multiple components into a common
periodicity. To avoid frequent vehicle downtimes for preventive
maintenance, optimal grouping of local periodicities for multiple
components into a common periodicity was performed through a group
analysis. This approach enables more precise management of vehicle
maintenance processes and their operational readiness, which was the
goal of this study.

Using the same methodology as in the previous section of this study,
a reliability model and optimal periodicity of preventive maintenance were
determined for fifteen vital components of the vehicles.
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The optimal periodicity of preventive maintenance for the
vital components of the vehicles in the A fleet
The results of the research on the optimal periodicity of preventive

maintenance for vital components of vehicles according to the three
models are presented in the following Table 7.

Table 7 — Optimal maintenance periodicities for the components of the specialized
vehicles in the A fleet

Maintenance

No. | Component name Criterion Periodicity Time (h)
1 2 3 4

Maximum Availability | 115
1. Transmission Unit Block (TUB) Minimum Costs 341

Compromise Solution | 332

Maximum Availability | 105

Hydraulic System for Fan Drive Minimum Costs 183

(HCPF) - -
Compromise Solution | 172
. ) Maximum Availability | 109
3. Coolant Heating Device for Minimum Costs 169

Engine and Transmission

Compromise Solution | 181

Maximum Availability | 144

4. Control Block Minimum Costs 199

Compromise Solution | 162

) L i ) Maximum Availability | 127
5. Side Transmission with Disk Minimum Costs 161

Brakes
Compromise Solution | 157

Maximum Availability | 174

6. Hand Brake with Command Minimum Costs 113

Compromise Solution | 164

Maximum Availability | 123

Water Ingress Protection

Mechanism for the Engine Minimum Costs 194

Compromise Solution | 181

Maximum Availability | 117

8. Engine Throttle Controls Minimum Costs 201

Compromise Solution | 173

Maximum Availability | 139

9 Armored Body (connecting Minimum Costs 175

parts) - -
Compromise Solution | 194

. o Maximum Availability | 129
10. Commander's Turret with links Minimum Costs 187

to the Armored Body - -
Compromise Solution | 169




No. | Component name Criterion I\P/I:rlinotgirc];?t;(ﬁme )
1 2 3 4
Maximum Availability | 117
11. | Cooler Louver and Fan Controls | Minimum Costs 176
Compromise Solution | 171
Maximum Availability 147
12, Windbrgak with Movement Minimum Costs 184
Mechanism
Compromise Solution | 173
Maximum Availability | 154
13. | Fire Prevention Device Minimum Costs 191
Compromise Solution | 181
Maximum Availability | 112
14. | Barrel Gas Vent Device Minimum Costs 184
Compromise Solution | 163
Maximum Availability | 142
15. | Engine OM-403 Minimum Costs 372
Compromise Solution | 362

The optimal periodicity of preventive maintenance for the
vital components of the vehicles in the B fleet
Using the same methodology as for the vital components of the

vehicles in the A fleet, the periodicities of preventive maintenance for the
components in the B fleet were calculated and provided in Table 8.

Table 8 — Optimal maintenance periodicities for the components of the specialized
vehicles in the B fleet

Maintenance

No. | Component name Criterion Periodicity Time (h)
1 2 3 4
Maximum Availability | 140
1. Transmission Unit Block (TUB) Minimum Costs 352
Compromise Solution | 348
. ) Maximum Availability | 112
o z-ll_%/g;a;)hc System for Fan Drive Minimum Costs 194
Compromise Solution | 186
) . ) Maximum Availability | 116
3. Coolant Heajmg Device for Engine Minimum Costs 187
and Transmission

Compromise Solution | 182
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Maintenance

No. | Component name Criterion Periodicity Time (h)
1 2 3 4
Maximum Availability | 152
4. Control Block Minimum Costs 204
Compromise Solution | 195
Maximum Availability | 141
5. Side Transmission with Disk Brakes | Minimum Costs 192
Compromise Solution | 184
Maximum Availability | 133
6. Hand Brake with Command Minimum Costs 188
Compromise Solution | 186
. Maximum Availability | 136
T | et noress rotecton
Compromise Solution | 203
Maximum Availability | 121
8. Engine Throttle Controls Minimum Costs 204
Compromise Solution | 198
Maximum Availability | 140
9. Armored Body (connecting parts) Minimum Costs 202
Compromise Solution | 194
o Maximum Availability | 161
10. Commander's Turret with links to Minimum Costs 193
the Armored Body
Compromise Solution | 183
Maximum Availability | 137
11. | Cooler Louver and Fan Controls Minimum Costs 199
Compromise Solution | 187
Maximum Availability | 162
12. Windbrgak with Movement Minimum Costs 201
Mechanism

Compromise Solution | 190
Maximum Availability | 157
13. | Fire Prevention Device Minimum Costs 218
Compromise Solution | 212
Maximum Availability | 141
14. | Barrel Gas Vent Device Minimum Costs 201
Compromise Solution | 191
Maximum Availability | 152
15. | Engine OM-403 Minimum Costs 369
Compromise Solution | 361




Based on the obtained results, it can be concluded that there are
different maintenance periodicities for the components, and that in both
fleets, the transmission unit and the OM 403 engine of special purpose
vehicles have the longest maintenance periodicity.

Cluster/group analysis

A cluster analysis was performed based on the theory of similarity of
the adopted compromise solution for the optimal maintenance periodicity
of 15 vehicle components.

The analysis was carried out using Minitab 15statistical software,
based on Jaccard similarity coefficients:

similarity coefficient = AnB (5)
AUB

where:
- A and B are the lengths of the optimal maintenance periodicity for
two consecutive components/assemblies compared.

The similarity coefficient matrix for the A fleet is shown in Table 9, and
that for the B fleet in Table 10.

Table 11 displays the results of grouping the optimal maintenance
periodicities of components into two, three, four, five, and six groups for
the A fleet and the B fleet.

Within each group, the components are simultaneously subjected to
preventive maintenance with adopted optimal maintenance periodicities.

Depending on the number of optimal maintenance periodicities, a
vehicle will enter the workshop many times for the purpose of preventive
maintenance.

For the second group, the vehicle will enter the workshop twice, and
for the sixth group, six times.

Biocanin, S. et al, Determination of a model of preventive maintenance of special purpose vehicles, pp.1832-1868
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Table 11 — Grouping of components/aggregates for simultaneous preventive

maintenance
A fleet B fleet
Group o Opt. period. . pg?c:;i.
Agregate X;; i=1,2,3,...,15 Min Xi Agregate X;; i=1,2,3,...,15 Min X;
/hour/ En)
Il 1,15 332 1,14,15 191
group 2,3,4,5,6,7,8,9,10,11,12,13,14 157 2,3,4,5,6,7,8,9,10,11,12,13 182
1,15 332 1,15 348
g,.lcilup 3,7,13 181 4,7,8,13 195
2,4,5,6,8,9,10,11,12,14 157 2,3,5,6,9,10,11,12,14 182
1,15 332 1 348
\Y 2,3,7,8,9,11,12,13 171 2,3,4,5,6,7,8,9,10,11,12,13 182
group 456,14 157 14 191
10 169 15 351
1,15 332 1 348
Vv 2,8,9,11,12 171 2,3,4,5,6,7,8,9,10,11,12 182
group 3,7,13 181 13 212
4,56 157 14 191
10 169 15 351
1 332 1 348
2,8,9,11,12 171 2,3,4,5,6,7,8,9,11,12 182
VI 3,7,13 181 10 183
group 4,5,6,14 157 13 212
10 169 14 191
15 362 15 351

An example dendrogram for grouping parts into three groups is shown
in Figure 9.

An example dendrogram for grouping parts into five groups is shown
in Figure 10.

Based on the obtained results, the following preventive maintenance
model for components has been selected:

A fleet: The optimal periodicity for preventive maintenance for the
engine and transmission in the specialized vehicle unit block is 332 h, while
itis 157 h for all other components. In order to reduce maintenance costs,
the engine and transmission in the unit block should undergo preventive
maintenance every other time the vehicle enters the workshop.

B fleet: The optimal periodicity for preventive maintenance for the
engine and transmission in the specialized vehicle unit block is 348 h, while
it is 182 h for all other components.




Dendrogram with Average Linkage and Correlation Coefficient Distance
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Figure 9 —
Cluster

Example of software grouping of components/aggregates into three groups
1: 1 15; Cluster 2: 2 3 4 5 6 7 8 9 11 12
13 14; Cluster 3: 10
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Figure 10 — Example of software grouping of components/aggregates into five groups

Cluster 1

: 1 15; Cluster 2: 2 8 9 11 12; Cluster 3: 3

13; Cluster 4: 4 5 6 14; Cluster 5: 10

7
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Statistical analysis of the research

Based on the analysis of the periodicity of preventive maintenance of
vital vehicle components, using the same methodology, it was concluded
that the maintenance periodicities of these components are different. In
order to investigate the functional relationship of optimal periodicities of
preventive maintenance of vehicles, an experiment was conducted in
Minitab 16 statistical software based on 5 measurements of time between
two failures for the observed 15 groups of components, in the A fleet and
the B fleet.

The General full factorial design with two factors was applied:

1. Factor A: Relating to the specialized vehicle fleet, with two levels
(A fleet and B fleet).

2. Factor B: Relating to the components/aggregates of the specialized
vehicles, with 15 levels (components from 1, 2, 3, ..., 14, 15).

The Xo hypothesis was set, assuming that the mean times between
failures in the A fleet and the B fleet are equal, i.e., y; = u, with an
alternative hypothesis Xi: u; # py,.

Similarly, for the component groups "system/aggregate groups," the
mean times between failures were observed, with Xo (4, = u,) and
Xi( puq # uy) hypotheses.

After entering the data, certain statistical characteristics of the failure
times behavior were obtained depending on the FLEET and the observed
COMPONENT.

Multilevel Factorial Design

Factors: 2 Replicates: 5
Base runs: 30 Total runs: 150
Base blocks: 1 Total blocks: 1

Number of levels: 2. 15

General Linear Model: TIME BETW. FAILURE versus FLEET.
SYSTEM GRUPS/AG

Factor Type Levels Values
FLEET fixed 2 1. 2
SYSTEM GRUPS/AGREGATES fixed 15 1. 2. 3. 4. 5. 6. 7. 8. 9.
10. 11. 12.
13. 14. 15

Analysis of Variance for TIME BETW. FAILURE, using Adjusted SS for
Tests

Source DF Seq SS Adj SS Adj MS F
P

FLEET 1 100259 100259 100259 6,16
0,014




SYSTEM GRUPS/AGREGATES 14 360803 360803 25772 2,58
0,044

FLEET*SYSTEM GRUPS/AGREGATES 14 72137 72137 5153 0,32
0,991

Error 120 1954597 1954597 16288
Total 149 2487795

Based on the given analysis of variance and based on the F-statistic
and p-value for factor A, it can be concluded that Fy > Fiap. (6.16 > 2.76)
and p < a (0.014 < 0.05), which means that the fleet, as a factor of
observation, has a different effect on failures, thus rejecting the null
hypothesis and accepting the alternative hypothesis.

Based on the given analysis of variance and based on the F-statistic
and p-value for factor B, it was concluded that Fy: > Fiap. (2.58 > 1.80) and
p <a (0.044 < 0.05), which means that the fleet, as a factor of observation,
has a different effect on failures, thus rejecting the null hypothesis and
accepting the alternative hypothesis.

In addition, the coefficients R-Cq = 21.43%, R-Cqadj) = 2.45% indicate
that there is no strong correlation between the observed levels of this
factor. The regression equation of the time between failures depending on
the fleet is:

TIME BETWEEN FAILURES = 227.3 + 51.71 FLEET (6)
and there is no polynomial relationship.

The functional relationships between the failure times of the vehicles
in the A and B fleets is given in Figure 11, and the groups of components
are shown in Figures 12 and 13.

Fitted Line Plot
Time between failures = 227.3 + 51.71 Fleet

1000 S 127,012
.

[ ] R-Sq 4,0%
R-Sq(adj) 3,4%

800+

600

400

Time between failures

2001

Fleet

Figure 11 — Functional relationship Time between failure — Park/fleet
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Fitted Line Plot
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Figure 12 — Functional relationship Time between failure — System/Aggregate groups

Fitted Line Plot
Time between failures =302.8 - 8.41 System/Aggregate groups + 0.8392
System/Aggregate groups**2
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Figure 13 — Functional relationship Time between failure — System/Aggregate groups in
the polynomial relationship

A spatial view of the functional relationship of time between failures
for fleets and system/aggregate groups is provided in Figure 14, a contour
view in Figure 15, and the main effects in relationships and time between

failures in Figures 16 and 17.
1856



Surface Plot of Time between failures - System/Aggregate groups - FLEET

1000

s00
Time between failures
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IFLLIETEY 2l 0 System/Aggregate groups

Figure 14 — Spatial view of the functional relationship Time between failure — Fleet -
System/Aggregate groups

Contour Plot of Time between failures - System/Aggregate groups - FLEET

System/Aggregate

ures
s B8
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=}
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FLEET

Figure 15 — Contour view of the functional relationship Time between failure — Fleet -
System/Aggregate groups

The regression equation for the function of time between failures
depending on a system/aggregate group is:

TIME BETWEEN FAILURES = 264.8 + 5.012

and the polynomial relationship is:

TIME BETWEEN FAILURES = 302.8 —

8.41 SLTEMOR cRoUP + 0.8392 2LTEMOR cROUP x 2 (8)
AGGREGATE AGGREGATE

SYSTEM OR

SRR GROUP (7)
AGGREGATE
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Main Effects Plot (data means) for Time between failures
GRUPE SISTEMA/AGREGATA PARK

Time between failures
g g
)

]
o
=]

Figure 16 — Main effects in relations Time between failures - Fleet - System/Aggregate
groups

Figure 16 clearly shows that there is a polynomial relationship
between the maintenance periodicity of fifteen vital components. There is
no polynomial relationship between the maintenance periodicity of the vital
components in the two specialized vehicle parks.

Interaction Plot (data means) for Time between failures

500

450

400

350

Mean

300
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Systen/Aggregate groups

Figure 17 — Main interactions in relations Time between failures - Fleet -
System/Aggregate groups

From Figure 17, it can be seen that, by analyzing five times between
failures in Minitab 16 statistical software, different maintenance
periodicities for vehicles were obtained in fleet 1 (A fleet) and fleet 2 (B




fleet). Approximately the same maintenance periodicity in both fleets is
observed for the Coolant Heating Device for the Engine and Transmission
(Component 3), the Control Block (Component 4), and the Water Ingress
Protection Mechanism for the Engine (Component 7).

Discussion

Stemming from the data from vehicle operation, the quantitative and
qualitative indicators of the system condition and reliability of the special
purpose vehicles were obtained. Based on it, the optimal maintenance
periodicity of these vehicles was determined.

The periodicity of preventive maintenance of the special purpose
vehicles was determined by a compromise solution. The maintenance
periodicity obtained in this way is optimal because it provides satisfactory
vehicle readiness and availability with optimal maintenance costs.

According to the research results, the maintenance periodicity of the
vehicles from the B fleet is higher compared to the maintenance periodicity
of the vehicles from the A fleet.

Compared to the existing maintenance concept, the calculated
periodicity of preventive maintenance for the entire vehicle falls between
the first and second technical inspections of the special purpose vehicle.
Itis concluded that it is unnecessary to implement preventive maintenance
with two technical inspections in a relatively short time interval (first and
second technical inspection); nevertheless, only one preventive inspection
at the calculated time of preventive maintenance is sufficient. This
approach would rationalize the existing concept of preventive
maintenance, reduce maintenance costs, and increase the availability of
special purpose vehicles.

Based on the analysis of the periodicity of preventive maintenance of
vital components of special purpose vehicles, it was concluded, using the
same methodology, that the maintenance periodicities of these
components are different. The analysis and calculations showed that the
engine of the vehicle and the transmission, in both fleets, have the highest
reliability, which is why their maintenance periodicity is significantly higher
than the maintenance periodicity of other components. If preventive
maintenance of special purpose vehicles is performed through
maintenance of components, in the calculated periods, then the special
purpose vehicle would be very often undergoing preventive maintenance,
the same operations would be repeated several times (opening
documentation, vehicle washing, component construction and installation,
testing, etc.), which would increase costs and decrease readiness due to
the long time spent on maintenance. In order to avoid this, optimal

Biocanin, S. et al, Determination of a model of preventive maintenance of special purpose vehicles, pp.1832-1868
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grouping of local maintenance periodicities for multiple components into a
single common periodicity was achieved through the group analysis. This
way, the optimal availability and maintenance costs are achieved.
Additionally, the group analysis showed that in the processes of vehicle
management and maintenance, operational readiness can be more
precisely managed based on the determined optimal periods of preventive
maintenance.

Through the statistical analysis in Minitab 15 and Minitab 16 statistical
software, it was concluded that there is no polynomial relationship between
the time of operation until failure for the A fleet and the B fleet. It was
concluded that there is a polynomial relationship between operating time
and failure in the analysis of the groups of vital components. By analyzing
the five times between two failures in Minitab 16 statistical software,
different maintenance periodicities for the vehicles in park 1 (A fleet) and
park 2 (B fleet) were obtained. The Coolant System Heating Device
(Component 3), the Control Block (Component 4), and the Water Ingress
Protection Mechanism for the Engine (Component 7) have approximately
the same maintenance periodicity in both fleets. Other components have
different maintenance periodicities, indicating that the maintenance
periodicity depends on the terrain configuration and other vehicle
operation conditions and that if the same vehicle changes its location and
maintenance place, optimal maintenance periodicity calculations must be
re-performed.

By grouping certain components and assemblies based on similar
operating times between two failures, a kind of analysis of the condition of
these elements was performed at a qualitative and quantitative level. The
group analysis has contributed to more precise management of
operational readiness and optimal maintenance costs of vehicles in the
processes of vehicle management and maintenance based on the
determined optimal periods of preventive maintenance of components.
Another preventive maintenance model for vehicles was set up through
the group analysis.

The research conducted in the A fleet and the B fleet shows that the
condition and the maintenance periodicity of special purpose vehicles
depend on the terrain where the vehicle is used, the drivers who operate
the vehicle, the crew in the vehicle, and the workshop conditions for
maintenance (technical equipment and quality of personnel). The study
has proven that the vehicles from the B fleet have longer maintenance
intervals, indicating that the operating conditions are different. The
conclusion is that if the same vehicle changes its location and
maintenance place, then optimal maintenance periodicity calculations




must be re-performed. The analysis also showed that the engine and the
transmission in the block have high reliability and are not affected by
changes in operating conditions.

Conclusion

Based on the overall results obtained in this study, it can be concluded
that the most suitable preventive maintenance concept for special purpose
vehicles is maintenance based on time intervals derived from reliability
with preventive inspections and preventive replacements according to the
periodicities obtained from the calculations in this study, with the
application of functional diagnostics and the lean maintenance concept. It
is necessary to continuously monitor the behavior of vehicles and the
occurrence of failures in operation, which can best be done by introducing
a designed information system. By analyzing failure occurrence data, it is
possible to predict future reliability, which in turn allows for informed
decisions on preventive inspection procedures and the replacement of
parts before they fail, ultimately enhancing vehicle reliability and
minimizing the impact of potential failures.

The scientific contribution of the conducted research includes:

1. Optimization of Maintenance Periodicity:

- Quantitative and qualitative indicators of the system condition and
vehicle reliability were obtained based on operational data, which led
to the determination of the optimal maintenance periodicity for
special purpose vehicles.

- This periodicity, derived as a compromise solution, ensures
satisfactory vehicle readiness with optimal maintenance costs.

2. Improvement in Maintenance Strategies:

- The calculated periodicity for preventive maintenance falls between
the first and second technical inspections, suggesting the
redundancy of two closely timed technical inspections. Instead, a
single preventive inspection at the calculated time would suffice,
rationalizing the existing maintenance concept, reducing costs, and
enhancing vehicle readiness.

3. Analysis of Vital Assemblies:

- The analysis revealed different maintenance periodicities for vital
assemblies. Engines and transmissions in both parks showed the
highest reliability, resulting in significantly longer maintenance
intervals compared to other assemblies.

- Optimal grouping of local periodicities for multiple assemblies into a
common periodicity was performed through group analysis,
achieving optimal readiness and maintenance costs.

Biocanin, S. et al, Determination of a model of preventive maintenance of special purpose vehicles, pp.1832-1868
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4. Statistical Analysis Findings:

- Statistical analysis using Minitab 15 and 16 concluded that there is
no polynomial relationship between operation time until failure for the
A and B parks, but such a relationship exists for the group of fifteen
vital assemblies.

- Different maintenance periodicities were determined for the vehicles
in the A and B parks. Some assemblies, such as the engine cooling
system and transmission (assembly 3), the steering block (assembly
4), and the water protection mechanism (assembly 7), had similar
maintenance periodicities in both parks.

5. Influence of Operational Conditions:

- The research showed that the condition and the maintenance
periodicity of special purpose vehicles depend on the terrain, drivers,
crew, and workshop conditions.

- The vehicles in the B park had longer times between maintenance,
indicating different operational conditions. If a vehicle changes
location and a maintenance site, new calculations for optimal
maintenance periodicity must be performed.

6. Development of a New Preventive Maintenance Model:

- Grouping certain assemblies and aggregates based on similar time
between failures allowed for a comprehensive analysis of their
condition on a qualitative and quantitative level.

- The group analysis contributed to more precise management of
vehicle operational readiness with optimal maintenance costs based
on determined optimal preventive maintenance periods.

7. Adaptation to Different Operational Conditions:

- The analysis indicated that maintenance periodicity depends on
terrain configuration and other operational conditions. If the same
vehicle changes the location, optimal maintenance periodicity
calculations need to be recalculated.

- The study also found that the engine and the transmission block
have high reliability and are not significantly affected by changes in
operational conditions.

The results in this paper represent a research contribution to
determining the optimal periodicity of preventive maintenance for special
purpose vehicles and can serve as a basis for further research. The
continuation of the research could proceed in the following directions:

e Using the presented methodology, or a similar one, to investigate

the periodicity of preventive maintenance for other assemblies of




special purpose vehicles (such as armaments and communication
equipment);

e Conduct research on the optimal periodicity of preventive
maintenance for all other fleets of special-purpose equipment using
the presented methodology, with the aim of making final and
precise conclusions on the optimal periodicity of maintenance for
special purpose vehicles;

e Investigate the maintenance periodicity of vehicles in passive
operation that are exposed to various degradative factors under
such conditions; and

o Explore the possibility of installing an automated diagnostic system
for functional diagnostics to ensure objective, highly precise, and
continuous monitoring of the vehicle's operation and its vital
systems (e.g., oil pressure drop in the engine, insufficient brake
fluid level, excessive wear of brake pads, excessive wear of clutch
disc linings, clogged fuel filters, failure of missile launch and
guidance systems, wear of the drive wheel gear, wear of the
support wheel, etc.).
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Resumen:

Introduccion/objetivo: El objetivo de este documento es obtener
indicadores cuantitativos y cualitativos del estado y la confiabilidad del
vehiculo basados en datos operativos que puedan usarse para determinar
la periodicidad optima del mantenimiento preventivo para vehiculos de




propdsito especial y para gestionar con mayor precision el proceso de
mantenimiento y la disponibilidad operativa de estos vehiculos.

Meétodos: A partir de datos de fallas operativas y métodos estadisticos, se
determiné un modelo matematico de confiabilidad de vehiculos para fines
especiales. Utilizando este modelo y datos operativos, se determiné la
periodicidad del mantenimiento preventivo de los vehiculos mediante
optimizacion multicriterio, considerando tanto la disponibilidad como los
costos minimos de mantenimiento. La misma metodologia se aplico para
determinar la periodicidad Optima de mantenimiento preventivo de 15
componentes del sistema mecanico de vehiculos de propésito especial. Se
realiz6 un analisis grupal mediante el software estadistico Minitab 15,
basado en la teoria de la similitud en la periodicidad del mantenimiento
preventivo para los 15 componentes, y un andlisis estadistico de la
investigacion realizada mediante el software estadistico Minitab 16.

Resultados: Se desarrollaron modelos para el mantenimiento preventivo
de vehiculos de propdsito especial con base en las fallas registradas de los
vehiculos y las fallas de quince componentes vitales. Un andlisis de grupo
reunié los quince componentes en grupos de mantenimiento optimos,
similares en términos de tiempo de trabajo entre fallas. El andlisis
estadistico de la investigacion determiné una relacién funcional para la
periodicidad d&ptima del mantenimiento preventivo para vehiculos de
propaésito especial.

Conclusion: La periodicidad de mantenimiento obtenida a través del
analisis multicriterio es optima, ya que logra una disponibilidad satisfactoria
del vehiculo con costos de mantenimiento éptimos. El anélisis estadistico
de la investigacion concluyé que las periodicidades de mantenimiento de
los componentes del vehiculo son diferentes. En ambas flotas, el motor y
el bloque de transmision tienen los intervalos de mantenimiento mas
largos. Los resultados de la investigacion pueden utilizarse para
racionalizar el concepto de mantenimiento preventivo existente.

Palabras claves: vehiculo, confiabilidad, disponibilidad, mantenimiento
preventivo, costos, periodicidad dptima, analisis multicriterio.
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PYBPUKA MPHTW: 78.25.09 BoeHHast aBTOMOOUNbHas TEXHUKA,
73.31.41 TexHu4yeckasi aKkCnnyaTaumsi U pEMOHT CpeacTs
aBTOMOOWMLHOrO TpaHcnopTa. ABTOCEPBUC
BWO CTATbW: opurmHanbHasa Hay4yHas ctaTbs

Pesrome:

BeedeHue/uenb: Lenbo OaHHOU cmambu sensiemcsi  rosyyYeHue
KONu4YecmeeHHbIX U KauyecmeeHHbIX rokazamesieli COCMOSIHUS U
HadexHocmu mpaHCnopmHbIX cpedcme Ha ocHosaHuU
3KCryamauyuoHHbIX 0aHHbIX, KOmopbie Mo2ym bbiMb UCMO0/1b308aHbI
onsa onpedeneHusi onmumaribHol rnepuoduyHocmu
npogunakmu4ecko2o  obcnyxueaHuss — MpPaHCIopmHbIX  cpedcms
crieyuanbHoO20 Ha3HavyeHusi u Ond boree MOYHO20 yrpaeneHus
rpoyeccoM mexHU4YecKoao obcnyxueaHusi U 3KcrislyamayuoHHoU
2omosHocmu.

Memodsi: Ha ocHogaHuu OaHHbIX 06 3KChyamauyuoHHbIX omka3sax u
cmamucmuyeckux memodos bbina pa3pabomaHa mMamemamu4yecKkas
modenb HadexXHOCMU MmpPaHCrIopmHbIX cpedcme  crieyuasibHO20
Ha3HadeHus. Vicrionb3ysi amy mModerib U SKCrlyamayUuoHHbIe OaHHbIe,
nymem MHO20KpumepuansHol onmumusayuu bbina onpedeneHa
nepuoduyHocmb npoghunakmu4eckozo obcnyxueaHusi
mpaHcrnopmHbIX cpedcme € y4emoM KakK 20mosHocmu, mak U
MUHUMarbHbIX  3ampam  Ha  MmexHuyeckoe  obcryxueaHue.
AHanoau4HbIl Memod bbin1 npumeHeH Orisi orpedesnieHusi onmumarsibHol
nepuoduyHocmu npoghunakmu4ecKo2o obcnyxueaHusi 15
KOMMOHEHMO8 MexaHUu4yecKkoli cucmeMbl MpaHCropmHbIX cpedcms
crieyuanbHoeo HasHaudeHus. [pyrnnoeol aHanu3 6bll rpogedeH ¢
ucronb308aHUEM CmMamucmu4ecKko20 Mpo2paMmMHo20 obecriedeHus
Minitab 15, ocHoeaHHO20 Ha meopuu odobusi nepuoduyHocmu
npogunakmuyecko2o  obcnyxueaHuss 15  KOMIOHeHMos, a
cmamucmuyeckuli  aHanu3 rnposedeHHo20 uccriedosaHusi  bbin
8bIMO/IHEH ~ C  [OMOWbIO  CMamucmu4yecko20  po2pamMMHO20
obecneyeHusi Minitab 16.

Pe3ynbsmamei: Ha ocHoB8aHUU 8bIsI8/IEHHbIX 0MKa308 MPaHCIOPMHbIX
cpedcme u ux namHaduyamu  KIHo4YesbiX KOMMOHEHmMOo8 bbiiu
paspabomaHbl  mModenu  npoghunakmuyecko2o  obcryxueaHus
mpaHcrnopmHbIX cpedcme crieyuanbHo20 HasHadyeHusi. [pyrnnosol
aHanu3 o3eonusl  ornMmMuMasibHo  Ccepynnuposams  nssmHaduyams
KOMMOHEHMO8 01 MEXHUYEeCKo20 0OCyKueaHus, b6nu3Kux o
npodomKumenbHoCMuU  3KCrilyamayuu Mexoy 08yMsi omkasamu.

Bbnazodapsi cmamucmu4yecKomy aHanusy pe3ynbmamos
uccnedogaHusi 8bisigrieHa (OyHKUUOHAlbHYO C8513b  ONMuMasibHOU
nepuodu4yHocmu rnpocghbunakmu4eckKozo obcnyxueaHusi

mpaHcrnopmHbix cpedcme crieyuansHo20 HasHaqYeHUs.




Bbi1800b1: [NepuoduyHOCmb MexHU4ecKoao 0bceiyxueaHusi, noy4yeHHas
8 pesynbmame MHO20KpUMepuasbHO20 aHanusa, sensemcs
onmumaribHoU, MOCKO/bKYy obecriedusaem yd0oeriemeopumerbHyo
20mMosHOCMb  asmomMobursis  npu  onMmuMasibHbIX 3ampamax Ha
mexHu4Yyeckoe obcrnyxueaHue. Cmamucmuyeckut aHanus
uccriedosaHus  riokasas, 4mo nepuoOUYHOCMb  MEXHUYEeCcKo20
obcnyxusaHusi pasfuyHbIX KOMIIOHEHMO8 asmoMoburis pasfudyaemcs.
B oboux aemonapkax Haubonee OnumesibHOU MNePUOOUYHOCMbIO
MexXHU4YecKoz20 obcnyxueaHusi oKasasnoch nepuodu4yHoCmb
obcnyxusaHusi  Oguzamenss U mpaHcmuccuu.  Pe3ynbmambi
uccriefosaHull moeym 6bimb UCMOMb308aHbI Ors payuoHanuauyuu
cyuwiecmsyroujell KOHUenuyuu npoghunakmu4eckoeo obcyKugaHusl.

Kntovesbie  crosa:  mpaHcriopmHoe  cpedcmeo,  HadexHOCMb,
2o0mosHocmb,  npoghunakmuyeckoe  obcryxueaHue,  3ampambl,
onmumarsbHasi nepuodUYHOCMb, MHO20KpUMepUarbHbIU aHanu3.
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OBJIACT: mawwnHCTBO
KATETOPWJA (TUIM) YIAHKA: opurHanHu Hay4Hu pag

Caxxemak:

Yeod/yurs: Lurb pada jecme 0Oa ce, Ha OcHogy roOamaka u3
ekcrinoamauyuje eosuna, 00bujy KeaHmMumamueHU U KeaaumamueHU
rokasameJsbU cmarba 803usia U roy3daHocmu, Ha OCHO8Y KOjuX ce MOXe
od0pedumu onmumarsiHa rnepuoOUYHOCM [IPEBEHMUBHO2 00pXKasara
eosusia rnocebHe HameHe U MpeyusHuje yrpasrbamu mokKosuma rpoueca
odprkasarba 803us1a U HUX080M oriepamueHOM 2omosouwihy.

Memode: Ha ocHogy nodamaka O oOmKa3uma U3 eKcriioamauuje,
dobujeHux cmamucmu4ykuMm mMemodama, o0peheH je Mamemamudyku
moden roy3daHocmu 803uria nocebHe HameHe. Ha ocHogy o8oe moderia u
nodamaka U3  ekcriioamauuje odpefieHa je  nepuoduyHoOCm
rpeseHMuUeHoe o0p)aeaH-a 603usia MPUMEHOM BULIEKPUMEPUJYMCKE
onmumu3auuje, ysaxasajyhu kpumepujym aomosocmu U Kpumepujym
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MUHUMaITHUX mpouwKosa odpxasar-a. 1o ucmoj memodoroauju odpefjeHa
Jje onmumarnHa nepuodu4yHOCM MpPeseHMuUBHo2 odpxasarba fnemHaecm
CKroroea MOMOPHO-mMexHuUykoe Oefla eo3una rocebHe HaMeHe.
U3epweHa je epynHa aHanu3sa, y cmamucmuy4kom cogpmeepy Minitab 15,
Ha OCHO8Yy meopuje CUYHOCMU MepuoOuUYHOCMU  MPEe8eHMUBHo2
odpxasarba 08UX CKIIOM08a, U cmamucmuyka aHanusa criposedeHux
ucmpaxuear-a y cmamucmu4kom cogpmeepy Minitab 16.

Pesynmamu: [JobujeHu cy modernu npeseHmugHo2 odpxaeara 803urna
rnocebHe HameHe Ha OCHOBY esUGeHMUpaHUX OmKa3a eo3usia U omkasa
rnemHaecm 8umarnHux ckrorosa eosurna rocebHe HameHe. [lemHaecm
CcKIIornoea je epyrnHoM aHanu3oM epynucaHo y onmuMasiHe epyrne 3a
odpxxaearbe, Koje cy crudHe no OyxuHu pada usmelly 0sa omkasa.
CmamucmuydkoM aHanu3om crposedeHux ucmpaxuearba odpeheHa je
byHKUUOHanHa ee3a onmuMarsnHux nepuodu4yHOCMU [PeseHmMUBHoe
odpxasarba 803usa rnocebHe HameHe.

Bakrpyyak: MNepuodudHocm odpxkasarsa, 00bujeHa 8ULLEKPUMEPUjYMCKOM
aHanu3omMm, onmumarsHa je jep ce dobuja 3adososbaeajyha eomosocm
go3una y3 onmumarHe mpowkoge odpxasarba. Cmamucmuykom
aHanu3om ucmpaxusarsa 0owsio ce 00 3aKrbyydka 0a cy rnepuodudHocmu
odpxasarba CK/iornosa eo3urna pasnuyume. Y obe chriome momop u
mpaHcmucuja y 6roky umajy Hajoyxy nepuoOuyHocm oo0pxasar-a.
Pe3synmamu ucmpaxugara Mo2y Ce Kopucmumu y pauyuoHanusauyuju
rnocmojehea KoHuenma rnpeseHMuUeHoO2 oo0pXKxasar-a.

KrbyyHe peuyu: e03urno, mnoy3daHocm, 20moeocm, [PE8eHMUBHO
odpxxasar-e, mpowkKosu, onmumariHa nepuoduyHocm,
guweKpumepujyMcKka aHanusa.
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