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Hocnidsceno 3adany idenmudpixauii 3anexncnocmi pieHs
AKOCMI MeXHIMH020 00CY208Y6AHHA MA PEMOHMY ABMO-
Mo6inie 610 napamempis, w0 6PAX08YIOMb GHYMPIUHILL CMAN
asmocepeichozo nionpuemcmea ma 306niwni gaxmopu, uo
xapaxmepusyiomo cepedoguue 1020 QyHKUionyeanns ma
asemomobini, axi o6cayzosytomoca nionpuemcmeom. B npo-
yeci 00C0NHCeHHS BUKOHAHO MOPDON0IMHULL anali3 cucme-
Mu agmocepeicy, 6 pe3yivmami 1K020 8u3HaA1eHo PYHKUio-
HANbHI eJleMeHmu cucmemu, Cymmesi Mophonoeiuni 03Haxu
danux enemenmis ma eapianmu ix peanizauii. 3 Memoio 6us6-
JIeHHs. CmYyneHst 6NAUSY 3A3HAUEHUX MOPPON0IMHUX 03HAK
Ha AKICMb GUKOHANHA MEXHOL0ZIMHUX NPOUECié NPoeedeHo
obcmedicenns munogux nionpuemcme asmocepesicy Yxpainu
ma no6ydosano mamemamuuny Mooeib CucCmemu y 6u2an0i
PIBHAHHS IHIUHOT MHOMCUHHOT peepecii. 3a80sKu nonepeoniii
nepesipuyi 6xionux napamempie MooeJi cucmemu Ha Myomu-
xonineapuicmo 3a aneopummom Dappapa-Tnodepa cmano
MONCTIUBUM BUOKPEMUMU CEPEO HUX HEIANEHCHT MA ZHUUMU
cknaonicmes nodanvuux pospaxynxie. Koediuicnmu piensn-
M35l peepecii xapaxmepusyromes Cmyninb 8ajicAUEOCMI BPAXY-
6aHH5 610N0BIOHUX NAPAMEMPIE NPU NPOEKMYBAHHI ABMOMA-
musoeanoi cucmemu ynpasainnsa axicmio. /[ns niosuuenns
adexeamnocmi MooeJii ma 3IMEeHUEeHHsA CKAA0OHOCmI npoyecy
M00e106aHHS BUKOHAHO POIOUMMSA MACUBY BUXIOHUX OAHUX
HA HAGHANILHY MA KOHMPOJIbHY GUGIPKU 3 ANZOPUMMOM, WO
basyemvca Ha po3paxynxy 3nawenv 6udipxo6oi oucnepcii.
3 Memoto ompumanna HaUbGinLW adexeamnoi modeni nody-
dosano Heninitini Modeni 00CAI0NCYBAHOI CucmeMu muny
Mamoani ma Cyzeno. [[ns uyboe2o 3acmocosano naxkem Matlab
ma 020 modynv Fuzzy logic Toolbox. Dynxuii nanesxcrocmi
6xi0HUX ma 6uxiOH020 napamempis 3a0aH0 Y MPAneuic6uo-
HoMmy euenadi. Peanizauiio neniniinux modeneu 30ilicneno
0 pizHux memooie depaszuixauii 6uxionozo napamempy.
Haiimenwa cepeonvoxeadpamuuna noxudxa pesyivmyronoi
xapaxmepucmuxu ompumana npu peanizauii mooeni muny
Cyeeno ma cxaana 1,07 %. Ile ceiduumv npo OouinvHicmo
inmezpauii 3a3navenoi modeyi 6 cucmemy yYnpaeainHs sKi-
CMI0 3 MEMOI0 6USHAUEHHS ONMUMAILHUX PEXHCUMiE Podo-
mu. Pesynvmamu 00CaioxHcens Moxcymo Gymu euxopucmani
013 OUIHKU AKOCMT HAOAHUX NOCY2 CUCTEM ABMOCEPBICY HA
MIKPO- ma Maxkpopieni

Kniouoei cnosa: asmocepgicne nionpuemcmeo, pieeno
axocmi, Mophonoziunuil ananiz, NiHilHa MHOXMCUHHA pezpecis,
Heuimke Jl02iuHe 6UBCOEHHs.
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1. Introduction

The economic growth of any country is accompanied
by the development of the transportation sector, which
ensures the proper functioning of other sectors and indus-
tries. Over that period, there is an increase in the fleets
operated by legal entities, as well as in the overall level of
motorization. Consequently, there is a growing demand
for automobile services. All this leads to the emergence
of new, as well as the further development of already
existing, car service enterprises (CSEs). The competi-
tiveness of car service enterprises directly depends on the
completeness and quality of services proposed to vehicle
owners.
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The recent trend has been the implementation of qual-
ity management systems (QMS) at enterprises. Such sys-
tems should comprehensively take into consideration both
the parameters of a CSE itself and the external factors
affecting the quality of services rendered. In addition, some
parameters cannot be accurately measured or calculated,
so they are assigned a value of qualitative character. All
this brings forth additional conditions during the design
and practical implementation of this type of system. The
automation of QMS requires comprehensive research into
a CSE at the micro- and macro levels and is impossible
without models that would provide enough accuracy in
calculating the current and prospective levels of techno-
logical processes. The construction of methods and models



for estimating the quality of technological processes would
make it possible to control those parameters that influence
the operational modes of enterprises and to timely manage
them. That could lead to a higher quality level of services
rendered and the development of car service systems in
general.

Thus, it is a relevant scientific and technical task to
devise a procedure for assessing the quality of technological
processes at CSEs.

2. Literature review and problem statement

The authors of [1] built a functional model of the process
“Service quality control” for CSE and derived a mathemat-
ical dependence to calculate the indicators of the current
state of an enterprise, which is further recommended to use
for determining the optimal development strategy. How-
ever, they considered neither the indicator corresponding
to the CSE information support nor the external factors.
To improve the quality of service rendered by CSE, it was
proposed to use a strategy aimed at the reorganization of
production, in particular, the rational choice of the form of
production. However, the models and procedures for imple-
menting the process of optimizing the CSE activities were
not given. That is why work [2] considered the procedure
for choosing the optimal form of an enterprise organization.
However, there is an unresolved issue related to the software
support for the service enterprise restructuring. So, pa-
per [3] proposed the algorithms and computer implementa-
tion of the CSE optimization work.

The authors of study [4] believe that the quality of
automobile services depends on staff training, the devel-
opment of innovative services, the use of rules of commu-
nication with customers and includes testing a car op-
eration, fault detection, and elimination without client’s
consent. However, the cited study does not account for the
technical capacities of an enterprise, which is a very im-
portant factor affecting the quality of rendered services.
Work [5] reports the results of studies that prove that the
level of customer service quality at car service enterpris-
es is an important characteristic, which influences the
efficiency of the production process, that is, it increases
profitability and improves customer loyalty. However,
there are resolved issues related to the impact of technical
support on the quality of services rendered. The reason
could be the authors’ tasks related only to consumer cri-
teria. An option to overcome the difficulties associated
with taking into consideration the entire spectrum of
criteria affecting the quality is to compile a public docu-
ment. This approach was used in paper [6]. The purpose
of the cited paper was to make a “single-table” document
open, which could guide future researchers in the field
of maintenance and repair of automobiles. There, it was
proposed to collectively combine research into the field
of automobile services. The results of the paper showed
that SERVQUAL remains the most popular method of
assessing the quality of service and repair of vehicles. The
author concluded that the model, based on a customer
survey on the received service from a five-measurement
perspective, is the basis for the evaluation of services. The
list of measurements was defined: reliability, warranty,
tangible values, sympathy, and the relevant reaction by

manufacturers. However, the degree of influence of each
measurement on the quality of services rendered was
not determined. The reason could be the imperfection
of a mathematical apparatus that solves multi-criteria
problems. An option to address this issue was proposed
in study [7]. Nine quality factors and their significance
were defined there. It is believed that these results can
facilitate control over automobile gasoline stations. In the
cited study, significant factors are reliability (35.74 %),
special features (6.490 %), responsiveness and sympathy
(5.741 %), transparency (openness of work) (5.198 %),
visual experience (4.402 %), comfort (4.012 %), trust and
confidence (3.488 %), communication with customers
(3.057 %), additional services (2.803 %). To determine
the most influential factors on the quality of services from
a customer’s perspective, a factor analysis method was
applied, as well as Cattell “Scree”.

Paper [8] reports the results of studying the successful
functioning of car service enterprises and determines that
resolving a given issue necessitates the inclusion of af-
ter-sales services to the basic offer. They can be divided into
three categories: after-sale economics, user requirements,
and competitive advantage. However, this only affects the
increase in the range of services and does not reflect the way
to improve quality.

Work [9] does solve this task. The authors define the
quality of performed operations as the base for the eco-
nomic development of car service enterprises. This also
applies to car services of the garage-type. In the cited
work, the main opinion is the appropriateness of car ser-
vice organization based on customer requirements. Quali-
ty control is the main factor for the successful production
process of car service stations. Paper [10] also leads to the
conclusion that customer satisfaction after selling cars is
very important for companies to remain competitive in
the market. Customer satisfaction is defined as the differ-
ence between the received and expected service. However,
the evaluation procedure is based on a consumer survey,
so the estimates could include errors that are not always
within the permissible limits. That is why it is necessary
to use the latest techniques for quality assessment. A
solution to this task is proposed in work [11-13]. Owing
to the development of new procedures and technologies,
fuzzy control plays an increasingly important role in
modern society. To describe the management processes,
work [11] gives a review of the principles for constructing
fuzzy sets, fuzzy rules, and fuzzy derivation systems. The
authors investigated a series of fuzzy methods used in the
design of a control system to manage the fuzzy and online
fuzzy systems, as well as the fuzzy control system of the
closed-loop, including a search table.

Paper [12] proposed a method based on the use of ar-
tificial neural networks in the process of evaluating the
quality of transport services to deliver dairy products. A
practical experiment proved the high efficiency of the pro-
posed method in the estimation of transportation services
(99 % convergence).

The evaluation of service quality often employs an
expert method based on the assessment of a service us-
ing a specific scale. The 5-point and 7-point scales of the
Likert type are used, as well as the semantic differential
scales. A distortion of the results may be caused by the
respondent’s perception of the scale, as well as the cul-



tural differences of respondents. That is why study [13]
tackled the feasibility of using fuzzy logic in measuring
consumer perception and experts and proposed the use of
an unlimited n-dimensional scale to assess service quality.
The study results established that people were able to put
their estimates at high numerical precision, independently
determining the scale size. The linguistic and numerical
values can be used to determine the quality of services but
the numerical values do not always provide an adequate
assessment of the psychological uncertainty. A solution to
this problem may be the use of fuzzy sets. This approach
was applied in work [14]. Quality management system
modeling is an important step for managing the produc-
tion processes at an enterprise. Thus, work [14] proved
that it is convenient, in order to reflect the multi-criteria
quality management processes, to apply a mechanism for
the construction of fuzzy set rules, which enables the
visualization of influence of each criterion on the level
of production quality. The cited work addresses the issue
of priorities of corrective actions through fuzzy sets and
related rules in order to avoid difficulties associated with
ambiguous values of certain criteria. The fuzzy quality
management approach has been applied to the main pro-
duction processes at an enterprise producing motorboats.
The authors of [15—18] also employ the principles of fuzzy
set theory to model a quality management process.

Thus, the results of our analysis of the scientific lit-
erature allow us to argue about the lack of a comprehen-
sive list of parameters that characterize the operational
performance of CSEs and the absence of procedures that
make it possible to assess and forecast the quality level of
services rendered, which is important for the development
of car service systems. Among the progressive methods
of modern research in this field, the most widely applied
methods are those based on the use of fuzzy logic.

3. The aim and objectives of the study

The purpose of this research is to determine the
character of influence exerted by the car service sys-
tem’s parameters on the quality level of CSE techno-
logical processes aimed at its assessment. This would
make it possible to investigate the sensitivity of the
resultant characteristic of the system to changes in its
input parameters and to apply the findings in the forecast
process.

To accomplish the aim, the following tasks have been set:

—to perform morphological analysis of the car service
system,

— to define a set of independent system parameters;

—to construct a model of the system in the form of a
multiple linear regression equation;

— to build the system nonlinear models;

— to choose an adequate model for the quality assessment
of technological processes.

4. Materials and methods to study the automobile service
system

4. 1. Morphological analysis of the system

The morphological analysis method was applied to de-
termine possible ways of improving the quality of techno-
logical processes at CSE. A given method makes it possible
to systematize data that characterize the examined system
and to analyze its possible configurations. For each of the
19 morphologic attributes of the system, the variants of
their implementation have been defined. The morphological
features of the automobile service system, the variants of
attribute implementation, and their possible values are given
in Tables 1, 2.

Table 1

Results of the morphological analysis of the automobile service system for
the functional element “CSE”
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Results of the morphological analysis of the automobile service system for
the functional elements “Automobiles” and “Environment”

Table 2

Automobiles Environment
10. Auto- 11. Energy |12. Automo- |[13. Location, [14. Popula- [15. Level 16. Facility |17. Logistics [18. Loyalty [19. Income
mobile full  |unit type bile age thousand tion density, |of motor- availability, |potential factor level of Vs
weight people people/ ization, number of |level owners
sq.km cars/1,000 |stations/
people sq.km
10. 1. To 11.1. 12.1.Upto [13.1.Small |14.1.Low [15.1.Low [16.1.Insufn |17.1. Low [18.1.Low [19.1. Low &
351 Gasoline & |3 years 1 <50 <500 <200 ficient <5  [0-0,4 0-0,4 medium 1
diesel 1
10. 2. To 11. 2 Gas 12.2. Upto |13.2. MediM|14. 2. 15. 2. MediM| 16. 2. MediM|17. 2. MediM|18. 2. MediM|19. 2. MediM
752 cisterns 2 15 years2  |um 50-250 |Medium um 200-300 {um 5-10 um 0.4-0.6 |um 0.4-0.6 [um 2
500-1,000
11. 3 Electric 13.3. Large |14.3. High 17.3. High [18.3. High [19. 3. MediM
& hybrid 3 250-500 1,000-4,000 0.6-0.8 0.6-0.8 um & high 3
10.3Re3  [11.4.ICE [12.3.Res  [13.4. Signifg|14.4. Very |15.3. High |16.3. High |17.4.Very |18.4.Very |[19.4. High 4
gardless of | & electric & |gardless of |icant (large) |high >4,000 |>300 >10 high 0.8-1  [high 0.8—1
weight 3 hybrid 4 age 3 500-1,000
13.5. Most 19.5. Low &
important medium &
>1,000 high 5

In Tables 1, 2, the following abbreviations are used: AP —
autoservice point; AS — autoservice station; ICE — internal
combustion engine.

The combination of different options x; for the imple-

Thus, the number of potential states of the investigated

system is

N=6-7-4-4-5-4-4-5-4-3-4-3-5-4-3-3-4-4-5=5.57384-101,

mentation of morphological attributes Xj, where i is the
number of an implementation option of the j-th attribute
from Tables 1, 2, determine the possible states (structures)
of the automobile service system.

The number of the possible states of the system is deter-
mined from the following formula:

N=TIK. M

where K; is the number of possible implementation variants
of the i-th attribute; n is the number of attributes.

The considered method makes it possible to analyze
the system configurations, which are promising for a spe-
cific CSE, in order to choose the best strategy for further
development. However, it is inappropriate to consider the
system states containing the incompatible attribute values.
In addition, the analysis of the derived number of variants
of the system is not reasonable in terms of time costs.

In the framework of this study, we examined 28 systems
of car service typical for Ukraine. Tables 3, 4 give the quan-
titative indicators of the morphological characteristics of the
main functional elements of these systems.

Table 3
Values of the morphological attributes of the investigated systems of car service for the functional element “CSE”
= - 2
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CSE . |5t E|cE |3 EE| o5 <55 Ts|EE|2iE e
CSE title type SRl T3=F| 2Es5F|L%|° 8'% 2535238 2TEE| 882
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X Xy X3 Xy X5 X5 X7 Xs Xy K,
1 2 3 4 5 6 7 8 9 10 11 12
1 JWT Service, Cherkasy 2 2 0.62 1.5 2.42 0.8 0.3 0.4 4 0.92
2 ATL Autoservice, Cherkasy 3 4 0.59 0.97 1.44 0.7 0.8 0.5 1 0.8
3 TOV «Boyard and Co., 3 1 0.35 0.76 0.4 0 0.2 0.1 4 0.42
Cherkasy
4 Kolos-Avto, Cherkasy 6 3 0.85 0.93 1.9 0.52 0.8 0.7 3 0.83
5 TOV «Buros», Cherkasy 4 5 0.72 0.95 0.86 0.6 0.85 0.9 3 0.79
6 DP «CHARS-AVTO?, 4 2 0.41 0.92 1.14 0.4 0.5 0.8 3 0.74
Cherkasy




Continuation of Table 3

1 2 3 4 5 6 7 8 9 10 11 12
7 | JSCCHERKASY-AUTO, | 7 o084 | 079 179 | 065 | 075 | 08 3 0.73
Cherkasy
g | V12 Zolotonosha, Cherkasy | 4 2 | 021 0.69 0.67 0.4 0.35 0.3 1 0.38
region
9 «Avtoreyka», Cherkasy 5 4 0.65 0.98 0.61 0.7 0.75 0.5 2 0.68
Self-service car wash
10 «Shampun, Cherkasy 1 0.68 1 1.21 1 0.65 0.3 2 0.93
1 OILER Demiyivka, Kyiv 6 5 0.72 0.97 0.92 0.74 0.8 0.7 3 0.72
12 TOV Dnipromotor, Dnipro 4 3 0.3 0.83 0.72 0.28 0.6 0.7 1 0.64
13 «STO-35 km», Boryspil 6 3 0.35 0.49 0.58 0.25 0.45 0.5 1 0.37
14 Mobile tyre service, Kyiv 1 1 0.17 0.9 0.63 0.53 0.35 0.3 4 0.81
15 PE «Garage», Cherkasy 2 1 0.1 0.43 0.51 0.53 0.1 0.2 4 0.2
«RIVIERA», Kostyantynivka,
16 Cherkasy district, 6 1 0.3 0.58 0.76 0.18 0.4 0.3 1 0.45
Cherkasy region
g7 | Tyreservice (Chornovol, 10), | 1 o2t | o8 08 | 036 | 02 | 02 2 0.53
Cherkasy
1g | Carant A““I’g‘,ffﬂe Technic, |, 6 | o082| 098 17 | 072 1 0.9 3 0.91
19 PE «Olvia», Cherkasy 2 1 0.44 0.68 0.77 0.35 0.3 0.5 3 0.6
20 Car wash <NEPTUN>, 1 3 0.7 0.9 0.85 0.8 0.55 05 2 0.76
Cherkasy
gy | Tyreservice <Shipshina, 1 t o3| o078 07 | 035 | 05 | 04 2 0.38
Cherkasy
9y | Tyreservice <Tvoya shina, 1 2 | 055 0.8 082 | 068 0.6 05 2 0.71
Cherkasy
23 «Inter Diesel», Khmelnytskyi 5 2 0.71 1.1 0.94 0.81 0.8 0.7 3 0.84
24 «Motor-Gas», Kyiv 5 5 0.78 0.99 1.05 0.75 0.7 0.7 3 0.89
25 VipGaz, Kyiv 5 7 0.72 1 1 0.81 0.9 0.8 3 0.91
26 Tesla Service, Kyiv 4 4 0.82 0.97 1.07 0.87 0.85 1 3 0.9
PE Gorobets, Ruska Poliana,
27 Cherkasy district 2 1 0.32 0.4 0.5 0.2 0.1 0.1 4 0.57
PE Ovcharenko S. S., Lecky,
28 Cherkasy district 2 2 0.34 0.63 0.55 0 0.2 0.5 1 0.7
Table 4

Values of the morphological attributes of the investigated systems of automobile service for the functional elements

“Automobiles” and “Environment”

Automobiles Environment
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1 2 3 4 5 6 7 8 9 10 11 12
1 JWT Service, Cherkasy 1 1 2 3 4 2 3 0.67 0.75 4
2 ATL Autoservice, Cherkasy 2 4 3 3 4 2 3 0.7 0.8 3
3 TOV «Boyard and Co., 1 1 3 3 4 2 3 038 | 06 1
Cherkasy
4 Kolos-Avto, Cherkasy 2 4 1 3 4 2 3 0.66 0.7 3
5 TOV «Buros», Cherkasy 2 4 1 3 4 2 3 0.68 0.85 3
6 DP «CHARS-AVTO”, 3 1 3 3 4 2 3 0.6 0.3 3
Cherkasy
7 | JSCCHERKASY-AUTO, 2 4 3 3 4 2 3 | 065 | 045 | 3
Cherkasy
8 V12, Zolotonosha, 2 1 3 1 3 1 1 0.62 0.5 1
Cherkasy region




Continuation of Table 4

2 3 4 5 6 7 8 9 10 1 12
9 «Avtoreyka», Cherkasy 2 4 3 3 4 2 3 0.66 0.7 3
Self-service car wash

10 «Shampun», Cherkasy 3 4 3 3 4 2 3 0.7 09 !

1 OILER Demiyivka, Kyiv 2 4 2 5 3 3 3 0.68 0.72 3

12 TOV Dnipromotor, Dnipro 2 4 2 4 3 2 3 0.55 0.42 3

13 «STO-35 km», Boryspil 2 4 3 2 3 1 1 0.57 0.38 5

14 Mobile tyre service, Kyiv 2 4 3 5 3 3 3 0.72 0.81 3

15 PE «Garage», Cherkasy 2 1 3 3 4 2 3 0.4 0.25 1

«RIVIERA», Kostyantynivka,
16 Cherkasy district, Cherkasy 2 1 3 2 3 1 1 0.54 0.32 5
region

17 Tyre service (Chornovol, 10), 9 4 3 3 4 9 3 0.66 043 1
Cherkasy

8 Garant Automgblle Technic, 9 4 9 5 3 3 3 0.81 0.9 4

Kyiv

19 PE «Olvia», Cherkasy 3 1 2 3 4 2 3 0.59 0.7 2

20 Car wash <NEPTUN>, 2 4 3 3 4 2 3 065 | 082 3
Cherkasy

27 Tyre service «Shipshina», 9 4 3 3 4 9 3 0.67 04 9
Cherkasy

29 Tyre service «Tvoya shina», 9 4 3 3 4 9 3 074 07 3
Cherkasy

23 «Inter Diesel», Khmelnytskyi 3 1 2 3 3 3 2 0.65 0.86 2

24 «Motor-Gas», Kyiv 2 2 2 ) 3 3 3 0.62 0.82 1

25 VipGaz, Kyiv 2 2 2 5 3 3 3 0.7 0.84 1

26 Tesla Service, Kyiv 1 3 2 5 3 3 3 0.75 0.87 4

PE Gorobets, Ruska Poliana,
27 Cherkasy district 1 1 3 1 1 3 1 0.43 0.6 1
PE Ovcharenko S. S., Lecky,
28 Cherkasy district 2 1 2 1 2 2 1 0.34 0.8 3

An example of the morphological formula that specifies
one of the possible states of the system is formula (2) ob-
tained for the car repair shop JWT Service from the city of
Cherkasy (Ukraine), which specializes on maintenance and
repair of sports cars:

(x12;x22;x33;x44;x55;x64;x71;x83;x94)+
+(x101;x111;x122)+ . 2)

+(x133;x144;x152;x163;x173;x183;x194)

In order to study the character of the influence of the
defined morphological attributes of the system, we shall
construct a mathematical model of a given system. For this
purpose, it is necessary to carry out the structural, as well
as parametric, if possible, identification (specification) of

model (3).
Y=F(X,X,,...X,), (©))

where Y is the resulting model parameter; Xq, Xo, ..., X, is
the input parameters vector; 7 is the number of parameters.

The model parameters unambiguously correspond to the
morphological attributes of the investigated system. The
results of CSE and their environment surveys were used as
initial information for the model (Tables 3, 4).

The quantitative parameters of the “CSE” functional
element are integrated indicators whose structure was de-
scribed by authors in work [20].

The structural components of the X3 Xy parameters are
calculated as the ratio of the actual values to normative ones.
The procedure of calculating the relevant normative values
is outlined in [21].

The level of information support X7 is an integrated indi-
cator of the following characteristics:

— the availability of normative and technological docu-
mentation;

— the implementation of marketing activities (advertis-
ing, notifications of clients about campaigns, etc.);

— the availability of an automated control system;

— the availability of informational support to after-sales
service (questionnaires, etc.);

— the availability of a web site.

Based on the quality of content completeness, the numer-
ic value of each component is taken within 0—0.2.

Xs is determined in line with the procedure of assessing the
level of environmental safety, investigated in [22], based on ten
criteria for assessing the harmful effects of an enterprise.

The system qualitative parameters X, Xy, Xo—X19, X9 are
defined based on a survey, which was carried out when exam-
ining a CSE; the X;3-X;¢ parameters — based on the statistical
information provided by the oblasts’ Statistical Services.

The sequence of estimating the logistics potential X7 is
given in work [23]. The loyalty factor Xgis calculated as the
share of favorable assessments by clients in the total number
of services rendered.

The resulting parameter of a car service system is the
quality level of CSE technological processes K. This param-



eter is an integrated indicator whose calculation is proposed
to perform based on formulae (4) to (6):

qu(xKTCD+(1—0L)KC, 4)

where a is the proportion of operations whose execution qual-

ity is assessed by a Technical Control Department (TCD).
Kiep = min(Kécr))r

(6)

K. =min(K}), (6)
where K: ., is the indicator of a quality level of the i-th oper-
ation performed in accordance with the requirements of the
normative-technical documentation, submitted to the TCD;
K{ is the coefficient of favorable estimates by customers
(consumers) of the j-th operation.

The calculation procedure of K., and K{ is given
in [24].

Dependence (3) can be both linear and nonlinear. To
obtain the most adequate dependence, it is necessary to con-
struct models for the first and second cases and to perform
their comparative analysis.

4. 2. Defining a set of independent system parameters

One way to obtain a mathematical model of the sys-
tem is to represent it in the form of linear multiple re-
gression (7):

Y=aq, +iain

i=1

(N

where 7 is the number of parameters that will be considered;
a; are the unknown coefficients.

To obtain an adequate model, it is necessary to perform
the preprocessing of a source data array — the results of
studying the typical car service systems. The construction of
models of type (7) is carried out using the least-squares meth-
od. The effective and adequate application of the least square
method is associated with the use of independent parameters
in model (7). To determine it, we shall use the Farrar-Glober
algorithm [25, 26]. The specified algorithm makes it possible
to identify three types of correlation relationships between
system parameters based on the use of statistical criteria. In
particular, it checks the presence of multicollinearity in the
entire source data array and in each parameter with all, as
well as the presence of linear dependence between each pair
of parameters. Dependent variables are removed from further
consideration. Note that the removal procedure is subjective
with the only criterion of its effectiveness being the absence
of multicollinearity in the new (reduced) set of input param-
eters. Here is a detailed description of the implementation of
the algorithm’s iteration I (steps 1-7).

Step 1. Normalize and center the parameter values based
on formula (8):

o _ Xy =X,

xll = , 1<k<19.1<i<28,
8Ie

®)

where xf is the normalized value of the k-th parameter of
the i-th CSE; xy is the initial value of the &-th parameter of
the i-th CSE; X, is the average value of the k-th parameter;
3y, is the k-th parameter variance.

Step 2. Find a sampling correlation matrix:

R zl(x” ) x", ©9)
n
where 7 is the number of CSEs, n=28.
Step 3. Calculate the value of Pierson criterion y%
v :-(n-1—%(2m+5))1n|1%|, (10)

where m is the number of input parameters; 7 is the number
of observations.

We compare it with the tabular value at %m(m—1)=

=171 degrees of freedom and the significance level a. If
¥’ >, there is multicollinearity in the vector of input
factors.

At m=19,n=28, a=0.03, the following criterion value was
obtained:

x: =-(28—1—é(2~19+5))x

xIn(4-107°)=430.11.

Since
X > Ao (171; 0.05) =202.513,

the multicollinearity is present in the array of input vari-
ables. R

Step 4. Determine the inverse matrix D=R™".

Step 5. Compute the value of the Fisher F-criterion for
the k-th parameter from formula (11):

Ee=|dkk_1|u’ an
m-1

where dj;, are the diagonal elements of matrix D, 1<k<19; n is

the number of CSEs, n=28; m is the number of input param-

eters of the system, m=19.

The calculated values of the Fj criterion (Table 5)
are compared with tabular ones at (n—m)=9 and (m-1)=
=18 degrees of freedom and the significance level a=0.05.

The tabular value F;(0.05;9;18)=2.96. If, for the
k-th parameter, F;>F,,;; (in Table 5, bold), a given parame-
ter is considered to be multicollinear with others. It is obvi-
ous that the X3, X7—Xg, X13-Xi6, X1g parameters are multicol-
linear with others.

Step 6. Find the sample partial correlation coefficients:

« —d,.
Py=——2—, 1<k<19, 1<j<19. 12)
dkk'dj;'
Table 5

The value of the Fisher criterion for the A-th parameter at the algorithm iteration |

F Fy Fy Iy Fy F5 Fs F Fy Fy

Fio | Fio | Fio | Fis | Fiu | Fis | Fie | Fiz | Fis | Fig

4.6 | 3.3 | 6.5 | 24 | 23 | 20 [10.4| 5.9 | 24

05| 1.8 | 22 | 5.6 [10.5]10.4 | 14.8 4.7 | 1.7




Step 7. Compute the value of the Student’s ¢-criterion
from formula (13):

(13)

The results of computing ¢ are given in Table 6.

The calculated values of ¢;; are compared with tabular
ones at (n-m)=9 degrees of freedom and the significance
level a=0.05. If [¢4>¢41(0.05;9)=1.833, there is multicol-
linearity between Xj and Xj. In Table 6, the values whose
modulo are greater than the tabular ones are marked in bold.

For each column in Table 6, find the sums Sj of the values
of the Student’s criteria #;; whose modulo exceed the tabular
values (Table 7):

;= i|tkj|' if |tkj|>ttabl’
i

k=1.19. (14)

The sums are in descending order.

Given the value F,, k=1.19 (Table 5), we exclude from
further consideration the input parameters that correspond
to the largest sum of Sj: X, X4, Xis.

Next, one needs to check the new array of input data for
multicollinearity: X1, Xo, X3, X4, X5, Xg, X7, X9, X10, X11, X192,

Repeat steps 1 through 7 for the subsequent iterations
of the algorithm. At iteration V, the value of the Pierson
criterion equals

X =—(28—1—é(2><7+5))><
xln(3.06><10‘1)=28.224.

X <xow(21.0,05)=32.67

at
Lm(m—1)=tx7(7-1)=21
2 2

degrees of freedom and a significance level of 0.05. There-
fore, we conclude about the absence of multicollinearity in
the adjusted array of input variables, which consists of the
following parameters: Xo, X5, Xo, X109, X11, X192, Xq9. This
completes the algorithm execution.

4. 3. Constructing a system model in the form of a
multiple linear regression equation

To construct the linear model of a car service system,
it is necessary to determine the coefficients in the multiple
regression equation

K,=ay+a,X,+a; X5+a, X, +

Xi3, Xi5, X16, X17, X19. +a,)X o+, Xy + 0, X, + a1 X (15)
Table 6
Values of the Student’s tcriterion #; at iteration |
.
X | Xo | X3 | Xu | X5 | Xe | X7 | Xg | Xo | Xio | Xio | Xio | Xug | Xua | Xus | Xue | Xu7 | Xis | Xio
X

X 0 047 | 149 | 1.36 |-1.11][-0.70| 2.33 |-1.52| 0.81 | 0.54 |-0.38|-1.64| 1.91 | 0.23 |-0.23|-1.60|-1.12|-3.05| 0.77
Xy | 0.47 0 0.21 |-0.43| 1.31 | 0.35 | 0.52 | 1.77 | 0.66 |—0.57| 1.15 | 1.63 | 0.90 [-0.80|—-1.40| 0.12 |-1.00| 0.88 |-2.07
X3 | 1.49 | 0.21 0 |-099| 1.72 | 1.04 | 0.20 | 0.99 [-0.06|-0.83| 0.25 | 0.67 |—1.24| 0.58 | 0.55 | 0.29 |-0.33| 2.15 |-0.19
X | 1.36 [-0.43]-099| O 1.75 | 0.76 |-0.58| 0.57 |-1.04|-0.91|-0.70| 0.38 |-0.56| 0.39 | 0.47 | 0.67 | 0.69 | 1.72 [—0.12
X5 |-1.41] 131 | 1.72 | 1.75 0 [-0.22] 0.04 |-1.56| 0.27 | 0.62 |-091|-1.57|-0.37|-0.44[-0.07| 0.25 | 0.91 [-2.07| 1.59
X5 |-0.70] 035 | 1.04 | 0.76 [-0.22| O 0.32 {-0.39| 0.34 | 0.59 [-0.23] 0.26 | 0.60 | 0.19 | 0.03 |-0.44| 0.68 |—0.28 |—-0.20
X71233 1052 0.20 [-0.58| 0.04 | 0.32 0 1.19 |-1.37|-0.07| 0.44 | 0.51 [-0.78| 0.33 | 0.69 | 0.48 | 1.66 | 0.99 [-0.36
Xg |-1.52| 1.77 | 0.99 | 0.57 |-1.56|-0.39| 1.19 0 |[-0.38| 091 |-1.58|-3.03[-0.09|-0.04| 0.63 | 0.06 | 0.40 |-2.34| 2.72
Xy | 0.81 | 0.66 |—0.06|-1.04| 0.27 | 0.34 |-1.37|-0.38| 0 |[-1.01|-1.05|-0.68|-0.71] 1.31 | 2.69 | 0.09 | 0.84 |-0.08| 0.56
Xio| 0.54 |-0.57[-0.83(-091| 0.62 | 0.59 |-0.07| 0.91 |-1.01| O |-0.11] 0.25 |-0.17| 1.18 | 0.80 |-0.48| 0.04 | 0.52 [-0.76
X1[-0.38]| 1.15 | 0.25 [-0.70{-0.91|-0.23| 0.44 |-1.58|-1.05|-0.11| 0 [-0.09|-0.05[-0.02| 0.02 | 0.05 | 0.11 |-0.04| 0.17
X9 |—1.64| 1.63 | 0.67 | 0.38 [-1.57| 0.26 | 0.51 [-3.03|-0.68| 0.25 |-0.09| O 0.03 | 0.66 | 1.06 |-0.60| 0.38 |-2.67| 1.78
Xi3| 1.91 | 090 [-1.24|-0.56|-0.37| 0.60 |—0.78|-0.09|-0.71|-0.17|-0.05| 0.03 0 |-0.52(0.77 | 2.47 | 1.68 | 0.70 | 1.03
Xi4] 0.23 |-0.80| 0.58 | 0.39 |-0.44| 0.19 | 0.33 |-0.04| 1.31 | 1.18 |-0.02| 0.66 |-0.52| O [-4.07| 3.56 | 0.41 | 0.20 |-0.11
Xi5|-0.23|-1.40| 0.55 | 0.47 |-0.07| 0.03 | 0.69 | 0.63 | 2.69 | 0.80 | 0.02 | 1.06 | 0.77 [-4.07| 0 1.32 |-0.38] 0.55 |-1.05
Xig|—1.60| 0.12 | 0.29 | 0.67 | 0.25 |-0.44| 0.48 | 0.06 | 0.09 |-0.48| 0.05 |-0.60| 2.47 | 3.56 | 1.32 0 |[-1.37[-0.95|-0.54
Xi7(-1.12|-1.00{-0.33| 0.69 | 091 | 0.68 | 1.66 | 0.40 | 0.84 | 0.04 | 0.11 | 0.38 | 1.68 | 0.41 [-0.38[-1.37| 0 |-0.12[-0.50
Xi5[-3.05| 0.88 | 2.15 | 1.72 [-2.07|-0.28| 0.99 [-2.34|-0.08| 0.52 |-0.04|-2.67| 0.70 | 0.20 | 0.55 [-0.95|-0.12| O 1.19

Xig| 0.77 |-2.07|-0.19|-0.12| 1.59 |-0.20|-0.36| 2.72 | 0.56 |-0.76| 0.17 | 1.78 | 1.03 [-0.11|-1.05|-0.54|-0.50| 1.19 0
Table 7

The sums of absolute values for the tcriterion S; exceeding #, at iteration |

Parameter | X1 | Xo | X3 | Xy | X5 | Xo | X7 | Xs | Xo | Xio | Xig | Xio | Xug | Xus | Xi5 | Xis | Xi7 | Xus | Xio
S; 72912071215 0 |207| 0 [233]810|269| 0 0 [5701]4.39]|763]|6.76 | 6.04 0 12.28 | 4.79




The coefficients of model (15) are determined from the
following formula [25, 26]:

A= (aovazvasra9ra1ova11’a12va19) =

-1
=(X"xX) xX"xK,, (16)
where X is the matrix consisting of vectors-col-
umns of independent parameters determined at
the last iteration of the Farrar-Glober algorithm; 1,2
K, is the vector-column of quality levels of the 1

rendered services at each CSE (Table 3).
Thus, we obtain the following model:

P quality level
=g
[=}

K,=0.3935+0.0308- X, +0.1554-X; +

the models built on a training sample are more adequate
to actual tasks than those built on a larger set of data. The
training sample is 75-80 % of the initial one. We shall
use the algorithm according to which the results of obser-
vations with the higher value of a sampling variance are
included in the training sequence; a given approach is most
common [25]. The stages of the algorithm implementation
are as follows.

0.8
04
&
+0.0288-X, +0.05691- X, + 0.2
0

12345678 91011121314151617 181920212223 2425262728

+0.0128- X,, -0.071- X,, +0.0009- X,,. ~ (17)
The RMS deviation of the model values from

tabular ones is calculated from the following
formula

CSE No. in the array of source data

M Tabular values M Model values

Fig. 1. Comparison of the tabular and model values of the quality level of

technological processes (TP) in the construction of a linear model

p— n . R 2
Gz%;(K;mM _K:]mndel) ) (18) 0,12
o 0,1
where 7 is the number of CSEs in a sample; i is the E 0.08
CSE index in the source data array; K}, K., i 5
are the tabular and model values of the quality 73 006
factor of technological processes at the i-th CSE,  E 0,04
respectively. § 0.02
To calculate the relative RMS deviation, we ’
used the following formula 0

1234567 8910111213141516171819202122232425262728

i i 2
S =12M.1oo %. (19)
i (K;Labl)

When implementing the model on the initial sample,
6=0,0172, Er =13,6 %. The visualization of simulation re-
sults is shown in Fig. 1, 2.

The resulting model yields a large error and cannot be
used for small car repair shops of the garage type.

According to the general provisions for the experiment

CSE No. in the array of source data

Fig. 2. The error of the linear model built on the initial sample

Step 1. Take the ratio between the number of CSEs
in the training and reference samples equal to 80/20.
Accordingly, the training sample includes 22 enterprises,
reference — 6.

Step 2. For each vector Xj, calculate the average value of
its elements (Table 8) from the following formula:

icory, the source data are typically dividcd intoh the train- = iix’ j= 17 (20)
ing and reference samples. The algorithms that implement b8 GE Y
Table 8
The results of splitting the initial sample
i CSE title X, X5 Xo Xio Xiy X2 Xio Sampling
variance, D;

1 2 3 4 5 6 7 8 9 10

1 JWT Service 2 2.42 4 1 1 2 4 1.90778

2 ATL Autoservice 4 1.44 1 2 4 3 3 0.95307

3 TOV «Boyard and Co.» 1 0.4 4 1 1 3 1 216274

4 Kolos-Avto 3 1.9 3 2 4 1 3 0.8453

5 TOV «Buros» 5 0.86 3 2 4 1 3 1.41931

6 DP «CHARS-AVTO» 2 1.14 3 3 1 3 3 0.93351

7 JSC CHERKASY-AUTO 7 1.79 3 2 4 3 3 3.24198

8 V12 2 0.67 1 2 1 3 1 1.51597

9 «Avtoreyka» 4 0.61 2 2 4 3 3 0.5941

10 |  Self-service car wash «Shampun» 3 1.21 2 3 4 3 1 0.93817




Continuation of Table 8

1 2 3 4 5 6 7 8 9 10
11 OILER Demiyivka 5 0.92 3 2 4 2 3 1.08427
12 TOV Dnipromotor 3 0.72 1 2 4 2 3 0.73748
13 «STO-35 km» 3 0.58 1 2 4 3 5 1.70505
14 «Mobile tyre service» 1 0.63 4 2 4 3 3 1.32983
15 PE «Garage» 1 0.51 4 2 1 3 1 1.97699
16 «RIVIERA» 1 0.76 1 2 1 3 5 2.55577
17 Tyre service (Chornovol, 10) 1 0.8 2 2 4 3 1 1.3865
18 Garant Automobile Technic 6 1.7 3 2 4 2 4 2.33794
19 PE «Olvia» 1 0.77 3 3 1 2 2 1.43603
20 Car wash <NEPTUN» 3 0.85 2 2 4 3 3 0.384
21 Tyre service «Shipshina» 1 0.7 2 2 4 3 2 1.03687
22 Tyre service «Tvoya shina» 2 0.82 2 2 4 3 3 0.52826
23 «Inter Diesel» 2 0.94 3 3 1 2 2 0.95301
24 «Motor-Gas» 5 1.05 3 2 2 2 1 1.29897
25 VipGaz 7 1 3 2 2 2 1 3.34576
26 Tesla Service 4 1.07 3 1 3 2 4 0.78763
27 PE Gorobets 1 0.5 4 1 1 3 1 214523
28 PE Ovcharenko S. S. 2 0.55 1 2 1 2 3 1.14963
X, 2.929 0.975 536 2 2.75 2.5 2.571

Step 3. Determine the sampling variances for the i-th
CSE (Table 8):

D=—L3(x —97)2=1i(x %), i=18. @1
BV B AL ¢ g T

Step 4. Arrange Table 8 in the descending order of the
sampling variance values.

Step 5. Split the array of initial data. The following
CSEs from the initial sample have the smallest values of a
sampling variance: “KOLOS-AVTO” (Cherkasy), special-
ized CSE “Avtoreyka” (Cherkasy), TOV “Dnipromotor”
(Dnipro), car wash “NEPTUN” (Cherkasy), tire service
“Tvoya shina” (Cherkasy), and “Tesla Service” (Kyiv). The
specified CSEs make up the reference sample (in Table 8,
they are highlighted with a different color), all others — the
training sample.

The following model was obtained from the training
sample:

K,=0.50551+0.0137- X, +0.2263-X; +
+0.0216-X,+0.0796- X, +

+0.0152- X,,—0.123- X,, —0.0189- X, (22)

The derived model is slightly different from model (17).
For six CSEs from the reference sample, the RMS error o;ipeq,=
=0.032254. The relative RMS deviation is §"" = 5.1 %.

4. 4. Building the nonlinear system models based on a
fuzzy sets theory

Another method of model identification (3) has been
considered. Since one part of the factors is quantitative
and another part is of qualitative character, these tasks are
termed weakly structured. To solve them, it is advisable to
use an apparatus from the theory of fuzzy sets. An expert in
the visual domain sets the parameters for the membership
functions of the input factors and the resultant characteris-

tics. Then a model of the desired dependence is the system of
fuzzy production rules built on the training sample, and the
forecasted values of the output parameter for the enterprises
that make up the reference sample are determined based on
one of the algorithms of fuzzy logic derivation.

To construct this type of a model, we applied the
MATLAB suite and its module to manage fuzzy sets, Fuzzy
Logic Toolbox, which implies using two o derivation algo-
rithms: by Mamdani and by Sugeno [27].

In order to build a system of fuzzy rules in line with
the first algorithm, it is necessary to split the domains of
the input and output parameters into intervals, terms, and
to build, for each of them, the membership function u. The
split is based on the results of the preliminary morphological
analysis (Tables 1, 2). Given that within the framework of
our study the model contains 22 fuzzy rules and 7 factors,
then it is rational to select the trapezoidal membership
functions. Otherwise, there is a high probability that the
adequate application of the Mamdani derivation could prove
impossible due to the operation of finding a minimum of the
membership function and its zero value.

A trapezoidal membership function is defined by five ele-
ments: a, b, ¢, d, and h. The height 2=1. Other parameters are
set in the Membership Function Editor in the Fuzzy Logic
Toolbox module according to Fig. 3.

Fig. 3. A general form of the trapezoidal membership
function



Table 9 gives the parameters of the membership func- Similarly, we determined and constructed, for the quali-
tions for the individual terms A/ (i€{2, 5,9, 10, 11,12, 19},  ty coefficient of rendered services K, the membership func-
j=1k"), which were determined by engaging the experts, tions for five terms B*(s=1.5): very low, low, medium, high,
CSE employees; k' is the number of terms in the i-th factor.  and very high (Fig. 4).

The term A/ uniquely corresponds to the j-th variant of At the next step, in accordance with the output data
the i-th morphological attribute x;;. (Tables 3, 4) and the parameters for the terms of the in-
put factors (Table 9), we built a rule base,
Table 9 which, in a general form, is matched with
Parameters of TMF terms for the system input factors the following expression:
Factor X; | Term AJ p Members};p function lzarameters y V2 (If AL X, € A, then K, € B), (23)
4, 0 0.5 1.5 8 where X; s the i-th parameter of a car service
2 0 P 95 S system; A,.; is the j-th term, which includes a
2 : i value for the i-th parameter of the system, for
A} 0 25 35 8 a CSE with the index p in the input data ar-
ray; K, is the quality factor of the execution of
X, h 0 3.5 4.5 8 technological processes; B; is the s-th term,
P 0 5 5o S which includes a value of K, for a CSE with
2 : : the index p.
A 0 55 6.5 8 We have built the fuzzy logic rules
for a system of the Mamdani type, which,
4 0 6.5 7.5 8 in their combination with model (3), are
n 0 o1 04 55 shown in Fig. 5.
5 : : : In Fig. 5, mfjis the membership func-
Al 0 041 06 95 tion corresponding to the term A’ of the
X; parameter.
X Al 0 0.61 0.8 2.5 The rules are accepted as equivalent, so
. the weight of each rule W,=1, p=1.22.
4 0 0.81 ! 23 When constructing a system for the
5 logical derivation by Sugeno, the input
% 0 o 249 20 variables of the model were divided into
Al 0 0.5 15 5 the term-sets and the parameters for
5 membership functions of the system of
X A 0 15 2.5 5 the Mamdani type. The output param-
’ A 0 25 35 5 eter is given by a set of constants that
correspond to the values of K, in the
A 0 3.5 4.5 5 training sample, arranged in ascending
. order (Fig. 6).
Ao 0 0.5 15 4 Model (3) in the form of a rule base for
2 the system of logical derivation by Sugeno
Xo A 0 L5 2 ! is built on the following principle:
A 0 2.5 35 4 2 (g5 "
vi (A X, eAl thenK =K ), (24
Al 0 0.5 15 5 AL X e 4, 1=Ky}, 9
A2 0 5 95 5 where K, ;41 is the value of a quality factor
Xi; of technological processes at a correspond-
AY 0 25 35 5 ing CSE from the training sample.
The weight coefficients of the rules are
A 0 3.5 4.5 5 equal to unity. The constructed fuzzy logic
: rules of the Sugeno-type system are shown
A, 0 0.5 15 4 in Fig. 7,
X A2 0 15 25 4 The implementation of the rules for
the system of logical derivation in a Su-
A, 0 25 3.5 4 geno-type system is similar to the imple-
: mentation in the Mamdani system. The
Ay 0 0.5 15 6 visualization of the logical derivation, using
A2 0 15 95 6 one enterprise from the reference sample as
an example, is shown in Fig. 8.
X9 Ay 0 25 3.5 6 By substituting the current values for
y the input parameters in a fuzzy rule scheme
Ay 0 3.5 45 6 viewer with prospective ones (Fig.8), an-
A 0 45 55 6 alyst.s.can foregast the development of a
specific car service system.




Fig. 4. Membership functions to derive a model of the Mamdani type

Fig. 5. Fuzzy rules to derive a model of the Mamdani type

Fig. 6. Parameters for the output variable of the Sugeno-type model



Fig. 7. A rule base for the logical derivation of the Sugeno-type model

Fig. 8. Deriving a value of K, for TOV Dnipromotor

5. Choosing an adequate model to assess the quality of
technological processes

Fitting the values of the morphological attributes of
the reference sample’s enterprises to each derived model
in the form of parameters makes it possible to estimate
the accuracy of these models. The value of RMS deviation
and the relative quadratic deviation is determined from
formulae (18), (19).

In order to choose a more adequate model when imple-
menting the nonlinear models based on the Mamdani algo-

rithm, the following defuzzification methods were applied
[28]: bisector, centroid, the largest of maximums, the small-
est of maximums, the mean of maximums. The derivation
based on the algorithms for the first four methods produced
an error that exceeded that yielded by the algorithm that
implements the method of the mean of maximums. For a
Sugeno-type system, we used such defuzzification methods
as the weighted average and the weighted sum. The highest
precision was achieved when using the first method. A com-
parative analysis of the linear and nonlinear models is given
in Table 10.



For six points from the reference sample, the lowest
rms error is 0.007298, the relative rms error is 1.07 %.
The highest accuracy of modeling was achieved when
using the system of the fuzzy logical derivation of the Su-
geno type.

For an arbitrary CSE, one can investigate the dynam-
ics of changes in the resultant characteristic dependent on
the two selected system parameters at the fixed values for
other parameters. Visually, a given dependence is surface
K,=F(X;, X;). Since the most influential among all the
parameters is the level of personnel availability, it is advis-
able to choose X5 as one of the arguments of the surface.
Fig. 9, 10 show the dependence of the Mamdani and Sugeno
models derivation on, accordingly, the level of personnel
availability and the average age of cars being serviced, for
the same CSE.

The graphic representation of the results of the Mam-
dani-type system modeling is more visual. Although the
Sugeno-type surface, as noted, is more adequate to the
original.

Also of interest is an analysis of the character of the im-
pact exerted on the quality of technological processes execu-
tion by those parameters the decision on the adjustment and
correction of which can be directly taken by the owners of
a CSE. Fig. 13 shows the dependence of the Mamdani-type
system derivation on the capacity of a CSE and the form of
production organization.

Based on the analysis of the surface, it can be concluded
that for a given CSE the highest level of quality is achieved
under the conditions of the work shop-post or individual
forms of the organization of production and at the number of
posts of 7 or more.

Table 10
Comparison of the accuracy of system modeling results
Quadratic deviation Relative quadratic deviation
i CSE title ; ) )
Glinear G Mamdani G Sugeno Simem‘ N ;Wamdﬂm Srj e
4 Kolos-Avto, Cherkasy 0.06354 0.0121 0.00314 0.09223 0.01756 0,0046
9 «Avtoreyka», Cherkasy 0.02060 0.03063 0.00116 0.04456 0.06623 0,0025
12 TOV Dnipromotor, Dnipro 0.00008 0.00003 0.00001 0.00019 0.00006 0,00002
20 Car wash <NEPTUN», Cherkasy 0.03347 0.00723 0.01124 0.05795 0.01251 0,0195
22 | Tyre service «Tvoya shina», Cherkasy 0.02355 0.00203 0.0036 0.04672 0.00402 0,0071
26 Tesla Service, Kyiv 0.05228 0.03803 0.02465 0.06455 0.04694 0,0304
Mean value 0,03225 0.01500 0.0073 0.05103 0.02455 0.01068

Fig. 9. Dependence of K, on the level of personnel availability and the average age of
vehicles in the Mamdani-type system



Fig. 10. Dependence of K, on the level of personnel availability and the average age of vehicles in the Sugeno-type system

Fig. 11. Dependence of K, on the number of posts at CSE and the form of production organization

6. Discussion of results of studying the car service
systems

At the stage of morphological analysis, 19 morpholog-
ical attributes of a car service system were defined, which
influence the quality of technological processes execution
at CSE. The selection of attributes is based on the results
of the survey carried out at the examined CSEs involving
experts, the employees of these enterprises. We selected from
the list provided by experts, for the functional element of the
system “CSE”, those attributes that are directly influenced
by the top management and owners of CSEs. We chose, for
the functional elements “Automobiles” and “Environment”,
those morphological attributes, which, according to experts,

affect the quality of technological processes execution at
CSEs and whose significance can be determined based on
the actual statistical information within Ukraine’s informa-
tion space. When selecting attributes that are of quantitative
character, the possibility to examine their structure and ob-
tain the calculation algorithms was taken into consideration.
The attributes of the elements “Automobiles” and “Environ-
ment” are unmanageable within the CSEs but they should
be taken into consideration in the process of finding the
strategies to improve the quality of technological processes.
The number of possible configurations of a car service sys-
tem was calculated, which is 5.57-10!!. A significant number
of configurations is explained by the presence of different
implementation variants of each morphological attribute.



The need to construct a uniform model of the car ser-
vice system is predetermined by the inability to investigate
all its configurations. However, the results of the morpho-
logical analysis have made it possible to determine the
parameters of a mathematical model of the system, which
unambiguously match the morphological attributes of its
functional elements. The application of the Farrar-Glober
algorithm allowed us to preprocess the initial data array
and to identify, among the 19 system parameters, seven
independent ones. The selection of the independent param-
eters is based on the results of statistical estimates that
were computed at each iteration of the specified algorithm.
The presence of the dependence between the parameters in
the initial data array is due to the interconnectedness of
individual morphological attributes, which was not explicit
at the stage of the morphological analysis. Determining the
independent parameters contributed to the construction
of adequate models and reduced the complexity of further
calculations.

We have obtained a model of the car service system
in the form of a multiple linear regression, which makes
it possible to quantify the impact of each of the specified
parameters on the functioning of CSE. The values of
coefficients in the regression equation (22) indicate that
the highest weight is inherent in the level of personnel
availability and the age of cars being serviced at a given
enterprise. The relative rms error of this model is 5.1 %.
However, the model produces high single accuracy only
for typical medium and large CSEs (Fig. 1, 2). This is due
to the inaccurate information provided by the heads of
CSEs of the garage type. The specified CSEs do not have
Internet sites, which makes it impossible to verify the
values of their parameters.

In the process of solving the fourth problem for an auto-
mobile service system, we constructed the nonlinear models
in the form of the systems of fuzzy logical derivation. The
higher accuracy of modeling, in this case, improved owing
to the use of a fuzzy set apparatus, which can handle inaccu-
rate, approximate data.

The accuracy of a fuzzy logical derivation system is
also influenced by the type and parameters of the selected
membership functions for the system inputs and outputs.
The results of the computer experiment proved the expedi-
ency of using the trapezoidal membership functions with
the parameters given in Table 9. In the process of testing
the Mamdani and Sugeno logical derivation systems, we
determined, on the CSEs from the reference sample, the
most adequate model and found that the defuzzification
method also influences the accuracy of the result. A math-
ematical model of the Sugeno type is more adequate to
the actual car service systems, in which we implemented
such a defuzzification method as the weighted average.
The relative rms deviation of the output of this model is
two times less than that of the Mamdani-type model and
is five times less compared with the linear model. The
higher accuracy of the Sugeno-type model is explained by
that the value of the output characteristic in the specified
model was set quantitatively. The Mamdani-type model is
appropriate to use when there is no possibility to quantify
the level of quality of the performed technological pro-
cesses at CSE. One of the advantages of using the systems
of fuzzy logical derivation is the possibility to visualize
the results of research into an arbitrary CSE. The result-
ing model of the car service system could be used to con-

trol the current level and forecast the prospective quality
levels of the technological processes execution, as well as
to analyze various options for optimizing the strategy of
CSE operation.

Previous papers did not include a systematic study of the
CSE functioning, which would take into consideration the
morphological attributes, the characteristics of vehicles, and
patterns of the functioning environment.

We have implemented this approach by using a morpho-
logical analysis method and by synthesizing the possible
structures of car service enterprises and the procedure of
evaluating the quality of technological processes taking into
consideration the changes in the parameters of the morpho-
logical attributes of main functional elements.

The advantage of a given approach is that it makes it pos-
sible to analyze the efficiency of functioning of not only the
actual CSE but also to estimate a large number of possible
system structures and to predict the quality of technological
processes at any CSE structures. It should be noted that
determining and excluding the dependent parameters of the
car service system from consideration would in the future
make it possible to significantly reduce the cost of time to
collect statistical information about arbitrary CSEs whose
optimization might be necessary.

The application of a fuzzy set apparatus, which takes
into consideration the possibility of error in the input
parameters of the system, indicates the robustness of the
output model characteristic to the changes in the input
parameters under the influence of unaccounted external
factors. The errors of the Sugeno-type system deriva-
tion (Table 10), obtained in the process of testing the sys-
tems from the reference sample, confirm the reproducibility
of the resultant characteristic of the car service system. Re-
strictions on the use of our study results are imposed by the
ranges of possible values for the morphological attributes of
the system functional elements.

The disadvantage of this study is observing the car
service systems only at the micro-level, that is, within the
functioning of a single enterprise. Further research should
tackle the construction of models and procedures of quality
assessment of the automobile services rendered, proposed by
a CSE network at the regional and state levels.

7. Conclusions

1. To estimate the quality level of technological pro-
cesses at CSEs, we have proposed the morphological struc-
ture of a typical car service system, which contains three
functional elements: CSE, automobiles, environment. The
essential morphological attributes of the functional ele-
ments and the variants of their implementation have been
determined. The system analysis has made it possible to set
the intervals within which the parameters of the examined
system model are measured, as well as split these intervals
into terms. Based on the results of our morphological anal-
ysis, the statistical study of 28 typical CSEs in Ukraine was
conducted and an array of initial data was built for further
calculations.

2. To eliminate the multicollinearity of the input model
parameters, we have preprocessed the CSE survey results,
due to which the volume of the output data array was
reduced from 19 to 7 independent parameters. Thus, the
quality of technological processes execution is significantly



influenced by the following factors: the capacity of a CSE
(the number of posts), the level of personnel availability, the
form of production organization, the age, and category of
vehicles having a greater share of appeals to a CSE is in their
total number, the type of their energy setup, as well as the
customer income level.

3. The possibilities of the structural and parametric
identification of the system linear model have been ex-
amined, the result being the established character of the
influence of input parameters on the model derivation. It
has been found that the greatest weight in terms of quality
assessment belongs to the level of personnel availability,
which defines the strategy of personnel training as one of
the top priorities among other optimization strategies for
CSE operation.

4. We have built the nonlinear models of the system in
the form of the systems of fuzzy logical derivation by Mam-
dani and Sugeno. The fuzzy logical rules describe the nonlin-
ear dependence up to 2.45 % and 1.07 %, respectively. They
make it possible to take into consideration qualitative factors
along with quantitative ones and can be integrated into the
system of managerial decision-making in order to determine
the optimal operating regimes and improve the stability of
CSE functioning.

5. An analysis of the obtained linear and nonlinear
models has been carried out; the result has revealed that the
most adequate model to actual conditions in the field of CSE
operation is a Sugeno-type model that employs a defuzzifica-
tion algorithm based on the weighted average method. The
relative error of the model output is 1.07 %.
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