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RATIONAL ORGANIZATION OF THE WORK OF AN ELECTRIC VEHICLE
MAINTENANCE STATION

Purpose. Improvement of efficiency of organizing the work of an electric vehicle (EV) service station (SS) due to the rational
distribution of its resources.

Methodology. System analysis of technological processes of diagnosing EVs depending on customer needs; mathematical mod-
eling, operations research, combinatorial optimization.

Findings. An analysis of technological processes of diagnosing EVs is carried out. The information about the basic services
provided by the electric vehicle service station is collected and systemized. For each of them it is established what processes con-
stitute the service, their resources, how many of them operate and the duration of each operation. Mathematical models are built
to organize the operation of an EV SS, which allow ensuring a uniform load of available resources and determining the time for the
next service. A model problem to reserve resources to serve the largest number of clients is resolved. The proposed mathematical
model is generic so that it can be used by any service enterprise that seeks to rationally distribute its resources while providing ser-
vices to a large number of customers.

Originality. It has been found that the efficiency of a service station is increased by reducing the downtime of equipment or
human resources, as well as by serving the largest number of customers who contacted a service company.

Practical value. A mathematical model is proposed that will allow, first, tracking the employment of resources; second, in-

creasing the throughput by the rational usage of resources.

Keywords: electric vehicle, service station, diagnosis process, combinatorial optimization

Introduction. Developing conventional and environmen-
tally-friendly vehicles is an actual trend in the world. In sales,
every year such well-known automotive concerns as “Tesla”,
“Nissan”, “Hyundai”, “Mercedes Benz”, “BMW?”, “Re-
nault”, “BYD”, and many others present their latest high-tech
concept-development of electric vehicles (EV). The article [1]
contains a comprehensive overview of research and develop-
ment related to the usage of electric vehicle technology. The
work [2] aims to raise consumer awareness of the benefits of
the electric drive and the importance of the transition to it.

The production of energy-efficient and environmentally-
friendly vehicles is currently developing intensively due to so-
ciety’s demand for environmental protection.

Each car has a certain operating and maintenance period,
which is accompanied by the depreciation of relevant mecha-
nisms, units, systems and components. It leads to the develop-
ment and expansion of the network of service infrastructure -
service stations for electric vehicles [3]. Such stations not only
determine the technical status of the EV, its compliance with
the requirements of the legislation governing the trouble-free,
and safe operation but also identify and predict the perfor-
mance of electric cars and take measures to prevent possible
failures. In addition, it will contribute to road traffic safety,
because according to [4] the percentage of road accidents due
to technical failure reaches 1 %.

Note that the service station must provide high-quality
and timely service at a competitive price. It implies their own-
ers should organize their work effectively through the rational
loading of production equipment and other material and hu-
man resources. Therefore, it is important to solve optimization
problems to increase the productivity of the resources’ usage
of diagnostic and repair sites and get the maximum profit out
of this activity.

Literature review. A lot of research in the scientific litera-
ture is devoted to the development of road transport infra-
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structure. Rational usage of existing transport networks, im-
plementation of the advantages of their geographical location
and communication capacity to ensure timely and high-quali-
ty delivery of goods are an indicator of the integration of the
transport system [5]. The works [6, 7] explain the productivity
of vehicles. In [6], for example, the authors substantiate the
possibility of reducing the time of moving machines during the
transportation of rock mass by changing the structure of the
slopes of road sections. And in [7], the design parameters of
the transmission are determined, taking into account the min-
imization of fuel consumption so that to get the maximum ef-
ficiency.

A significant amount of scientific work is devoted to the
development of EV service systems. In particular, [8] presents
an overview and classification of methods of intelligent charg-
ing of electric vehicles for fleet operators. In [9], the authors
suggest a four-stage optimization and control algorithm for a
two-way charging station for an electric vehicle, which is
equipped with photoelectric generation and a fixed energy bat-
tery and integrated into a commercial building. This algorithm
aims to minimize operating costs associated with meeting cus-
tomer needs, taking into account potential uncertainties, as
well as real-time balancing supply and demand by adjusting
the optimally planned charge/discharge of the mobile battery.

The authors of [ 10] note that when penetrating the electric
vehicle market, many companies consider the integration of
electric vehicles into their fleet. The reason is that electric ve-
hicles do not have local greenhouse gas emissions; they pro-
duce minimal noise; they do not depend on fluctuations in oil
prices. But the well-studied problem of vehicle routing (VRP)
extends to the problem of electric vehicle routing (E-VRP),
which takes into account the specific characteristics of electric
vehicles. This article describes several options for E-VRP and
related issues and suggests options for overcoming them.

The task of developing an integrated production space, in
which it would be possible to introduce the basic provisions of
production logistics and reduce the economic losses of car ser-
vice, is urgent [11].
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Much attention is paid to the development of remote ser-
vices (software) that can detect car breakdowns at a distance
[12] and reduce the load on car mechanics [ 13] by mapping the
flow of various processes in car systems and modeling their
flow under different environmental influences [14]. For ex-
ample, the technical support system “SBDSS” allows formu-
lating solutions for the necessary diagnosis and repair of worn
parts or units of the car. This reduces both the queue and cus-
tomer service time. Another direction is drawing up non-stan-
dard work schedules: at weekends, after the main work [15]. Of
course, this approach is not a complete solution to the prob-
lem but only allows you to respond situationally to the tasks.
A number of production-technological and organizational-
managerial problems of car service in the conditions of the
uneven flow of applications for repair are considered in the
monograph [16].

Note that in practice, various approaches are applied to de-
sign the solution of service, organizational, and social problems
of car service for economical usage of balance and labor re-
sources. The most common methods are system and data anal-
ysis to assess the demand for services, development, and selec-
tion of projects and technological stages of service cycles by
studying and assessing customer needs, and so on. [17]. Much
of the work concerns either the optimal location of charging
stations for EM, such as [18]; or reducing the costs associated
with the operation of cars by determining and using the optimal
number of posts for current repairs of EV. Mathematical mod-
els of such problems are combinatorial by nature and can be
classified as operations research problems, or more precisely,
scheduling theory (ST). In general, ST explores the tasks where
it is necessary to streamline or determine the sequence of a set
of works, usage of any means, and others. In TR tasks, it is
necessary to determine when and in what sequence to perform
tasks. The search for the optimal or close to the optimal sched-
ule is carried out using one of four approaches: mathematical
programming, combinatorial, heuristic, and probabilistic ones
[19]. The paper [20] provides a detailed review of recent publi-
cations on problems in the scheduling theory, where the work
is systematized by methods for solving problems and by the in-
dustry as an area of their practical application.

The main difficulty of the problems of the scheduling the-
ory is the fact that in their mathematical formulations, several
conditions must be met alternatively: either one operation is
started earlier, or another. It complicates both the process of
constructing the mathematical models themselves and the ap-
plication of linear programming methods to solve them be-
cause the time of solving the problem using such approaches is
exponential. There are various widely used techniques based
on the branches and borders method or the method of im-
plicit search. The combinatorial approach is reduced to a pur-
poseful permutation of pairs of works of some initial sequence
until the optimal (or close to optimal) solution is obtained.

Approximate methods for solving ST problems allow ob-
taining acceptable solutions at a relatively low cost of time and
resources. Conditionally approximate methods are divided
into heuristic and probabilistic. Heuristic algorithms are based
on the so-called reducing requirements method, which im-
plies refusing to find the optimal solution in a reasonable time.
Heuristic algorithms use various reasonable considerations
without strict justifications. The local search method is also
widely used. In this method, a pre-selected set of permutations
is considered to consistently improve the initial solution as
long as such improvement is possible; otherwise, the local op-
timum is reached. To solve the problem of mixed-integer lin-
ear programming, which is a mathematical model of one class
of the scheduling theory problems, a combined method based
on the usage of several known heuristics is often proposed. Al-
though all these methods are convenient for their implementa-
tion on a PC, even when solving cumbersome problems, their
significant disadvantage is the difficulty of assessing the prox-
imity of the obtained schedules to the optimal.

Purpose. Fierce competition in the market of EV services
makes us search for new forms of organization of activities and
ways to attract and retain customers.

Therefore, the purpose of the research is to increase the
efficiency of the EV service station by the optimal reservation
of the service time of applications (according to certain crite-
ria), as well as the rational allocation of material and technical
resources.

The object of the research is an electric car service station.

The subject of research is mathematical models of prob-
lems of optimal resource reservation during the scheduling of
the electric car service station.

To achieve this goal, we need to solve the following tasks:

- to analyze the situational technological processes of di-
agnosing an EV using the system approach;

- to build a mathematical model of the problem of optimal
reservation of service time of the application (according to cer-
tain criteria) with a rational distribution of material and tech-
nical resources of the station with simultaneous diagnostics of
several EVs;

- to demonstrate the feasibility of using the proposed ap-
proach to the scheduling of the service station on the example
of solving the model problem of optimal reservation of service
time of the application.

Methods. We consider the problem of optimizing the
schedule of the electric car service station in the next state-
ment. Let the electric vehicle service station have several sec-
tions for EV diagnosing and employ several craftsmen, me-
chanics and other staff. It provides numerous services using
different types of equipment. Each of the resources has its own
current weekly (or even monthly) schedule.

Assume that when a new request for EV service is received,
we know what resources and during what time should be used
to meet all needs of a client’s.

It is necessary to find the most beneficial service term for
any new request received. That is to reserve the most suitable
time of service provision. The objective for the optimal service
time reservation may be different. For example, we can find
the nearest possible operating period or request minimizing
downtime of a certain resource. We will consider these two cri-
teria during the mathematical description of the schedule and
redundancy optimization problem.

We will form the weekly resource schedule by a binary ar-
ray, the dimension of which equals to the number of time
blocks of a resource (Fig. 1). Such a resource timetable repre-
sentation is the most intuitive data structure. It is convenient
for recording mathematical models of optimization problems
that arise in practice.

Thus, we will consider the weekly schedules of all resourc-
es as separate objects. As a minimum unit, we take a minute.
We will operate with time blocks — logical units of time. The
time block for a resource contains X minutes and we will pre-
sume that it is the same for all resources.

In the problem, we need to choose open time intervals of
size h (duration of service) for reserving ordered by priority, so
that the highest priority will correspond to the time interval,
which, being reserved, will improve the schedule in terms of a
specific objective function. The above two optimality criteria
can be reformulated as follows:

Reserved time interval Open time interval Time blocks
~— i v v
555 5 O B 5 S W
8 9 10 1 12 13 " 15 16 m 18 i
~_ Gan _

Y
Time space

Legend: .
I Reserved time [ Openinterval

Fig. 1. Representation of the resource schedule (for car me-
chanic, equipment, etc.)
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- it is necessary to find the date and time of the first syn-
chronous open time interval for all resources of different types
that should be used for the earliest possible provision of a new
service for diagnosing an electric vehicle;

- to minimize gaps in the schedule of a certain resource (or
all resources) when reserving time to provide a new EV diag-
nosing service.

Both problems can be solved by the exhaustion of open
time intervals of all resources which provide EV diagnosing.
However, as the number of needed resources increases, such a
going-through search will slow down. Therefore, there is a
need to improve the search algorithm by either optimizing the
schedule data representation (for example, by indexing this
data) or optimizing the search strategy. It is also possible to
apply both approaches.

Let N be the number of resources, among which D, is the
number of resources of the p” type; n is the number of time
blocks in the weekly schedule. Assume, for example, that a
time block equals 10 minutes.

We present current schedule of the i resource of the p”
type in the next vector

RP:R={rf), p=1,sN3i=1,,D, j=1,..m,

where

o {0 — if j™ time block is open
P = .

1, otherwise

We enter the parameters of the service (request) that
should be provided.

We will consider that there can be more than 1 inquiry, k is
the serial number of a request.

Let vector 4, to be a set of resources involved in providing
the service

Ak:{akp}a P=1,..., N,0<akp£ Dp’

where ay, is the number of resources of the p" type which is
required to provide the service.

Interval [/, m,;] determines a time span, during which (if
possible) the service should be performed: 1 </, <m,<n; h, —
service duration in time blocks.

Let us calculate the value G, — the number of all possible
combinations of all types of resources that can provide the ser-

vice Ay
G=[] ¢y

pa,>0

For each resource group ¢, = 1,..., G, we introduce the
vector 7 of resources employment in the group ¢ to provide
diagnostic service according to the relevant regulations A,

T% :{tﬂ"”}, p=L.,N;i=1..,D,;q=1..G,,

where
1 if i" resource of p™ type takes part
tiqkp = in the group with number g,
0, otherwise
Obviously

DI'
T% 1% =ay, foreach pand g

i=1

k _ { 1ak _ ci Ca
T4 _{t;w}, p=L.,N;i=1...D,;q=1..,G,.
For each resource selection option 7%, we compose a vector

S*= 1] Ry,

p,i:t;”"':l

elements of which are determines in the next way

J

gk 0 if j” time block of the “team” g, is open
9% = .
1, otherwise

In fact, S% is a weekly schedule of the resources group 7%.
For g, = 1, ..., G, we find an array f% =(f1"k,f2"",...,f;”‘),

elements of which correspond to numbers of time blocks for
starting service 4, by resources group 7%

Fot s

gk . ok qk
L<f¥<m :sT, +s o1

Sk Fok41 :O,r:L...,S.

Then the problem of finding the closest possible time
spans for service of K clients will be written in the following
way:

Problem 1. For each k" request, k= 1, ..., K, (sequentially)
it is necessary to find the first element of array /% closest to the
time foreseen as the beginning of the service /,

S¥ - minmin f7%.
qk r

If (Ff%)* is vector 17, sorted in ascending order of total gap
size. Let us use w?' to denote the total size of the gaps in the

schedule of the i” resource of the p” type and w;’;i — for the

total size of the windows in the schedule of the i” resource of
the p” type after reserving (closing) it into the time interval

with the size 4, beginning from f. Foreach f%, which will
be found in problem 1, the value

A% = > wfpr;L,
Pt =1
can be calculated. After this operation, we can formulate the
problem of minimizing total gaps in the resources schedule.
Problem 2. For each k" request, k = 1, ..., K, (sequentially)
to find

A¥ > minmin A%,
gk r

Note 1. During computer implementation, the value G
can be reduced, taking into account among all resources only
those that have an open interval /4, (at least one) in their sched-
ule during the period [/, m,].

Note 2. For some ¢ the array f may be empty, which means
that it is impossible to perform a diagnostic service 4 by re-
source group 7.

Note 3. In problem 2, the criterion may be the total num-
ber of gaps instead of the total size of the gaps for any resource
or for all resources, as described here.

So, solving problems 1 and 2 can increase the efficiency of
the EV service station by reducing the downtime of equipment
or human resources, as well as meeting the needs of as many
customers as possible to the service company.

Note that the presented model is constructive since it re-
produces the very process of its solution. The constructed
problem is a combinatorial optimization problem. If the di-
mension of the task is small (which corresponds to the situa-
tion in practice for specific service areas), the problem can be
easily solved by going through and sorting the allowable sets of
resources that can provide a particular service at a given time.

Application of EV owners to the service station to obtain
services for diagnosing EV is caused by the following needs:

- the need to pass a mandatory inspection;

- the need to assess the technical condition of the EV in
case of purchase or sale of a vehicle;

- investigation of sudden failure of components, systems,
units of the EV.

The most common services involving high-tech diagnostic
equipment provided by modern EV service stations include diag-
nosing elements of the chassis, brake system, backlash steering
system, outdoor lighting system, as well as computer diagnostics
of basic units, assemblies, equipment, EV systems (Fig. 2).
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Fig. 2. Technological diagnostics operations provided at EV ser-
vice stations depending on the client’s requirements

For example, Tables 1 and 2 represent the main techno-
logical operations performed for EV diagnosing in the case of
inspection and purchase and sale procedures, respectively.
The tables also reflect the necessary resources.

Suppose there is a situational problem: an owner of an EV
needs to carry out its inspection to sell it. At the service sta-

ment of the technical condition of the EV in the case of selling
it. Each of these resources has its working schedule for the
next day.

Input data: working time 11 hours x 60 minutes = 660 mi-
nutes; if you take the size of a time block as 15 minutes, the
working time for each resource in time blocks is 44 blocks.
The working day for all resources starts at 8§ a.m. and ends at
7 p.m. Daily schedules for the next day for all 20 resources
are presented below in the form of binary arrays (recall that
“0” and “1” means open and reserved time blocks, respec-
tively):

Type 1: Car mechanic

Resource 1: 11110000111111110000000011111111110000000000 (Rl')
Resource 2: 11111111111111110000001111111111111100000011 (R)
Resource 3: 00000000000000000000000000000000000011111110 (R)
Resource 4: 11111111111111110000000000000001111111111100 (Rl)

Type 2: PC specialist
Resource 5: 11000000011000000000000110000001100000000110 (R?)

1
Type 3: Section for EV diagnosing

. ; L . ] Resource 6: 00000000111100000000000000000000000000000000 (R
tion, there are 4 mechanics, 2 masters, 1 specialist with a PC; Resource 7:00111111111111110001100011111111111000111100 (R)
there are 4 sections for diagnosing EV, and 6 units of techno- Resource 8: 00001111111111110000000011111111110000000000 (R)
logical equipment, which are designed for certain processes Resource 9: 11110000000000000000000011110000110000011000 (R)
(see, for example, Tables 1 and 2). So, there are 6 different Type 4: Master
types of resources. We will also form an additional type of a Resource 10: 11110000111111110000000011111111110000001000 (RY)

. 4
resource, which consists of sets of diagnostic equipment that Resofrrce ”5' 1%;11_1;:1””””1”;””_1 1t111:i11111'11h111111.11 (&)
. . . v ~ ype 5: Thickness gauge of a paint and varnish covering
are used §1multaneously d}lnng the provision ofa comprehen Resource 12: 11100000111111111111111111111111000000000010 (R)

sive service, such as passing a roadworthiness test or assess-
Table 1
Technological operations of diagnosing during technical inspection of an electric vehicle
No. The content of the technological operation Material resources DuraF tom, S.p ccialists
min involved
1. Organoleptic diagnosis of the vehicle and filling in the diagnostic card Section for EV diagnosing, PC 7 Master,
of the technical inspection PC specialist
2. Mechanical validation of a steering knot, corners of driving wheels Section for EV diagnosing, 4 Car mechanic
installation stand for checking lateral
removal of wheels
3. Brake system check Section for EV diagnosing, 4 Car mechanic
Power roller brake stand
4. Suspension system check Section for EV diagnosing, 5 Car mechanic
Computer stand
5. Inspection of the low beam headlights, high beam headlights, fog lights | Stand for checking and 5 Car mechanic
adjusting the headlights
6. Inspection of a technical condition by means of the computer scanner Car OBD scanner with wired 5 Master,
of the main units, knots of the electric car: capacity of the storage fittings, with the appropriate PC specialist
battery; functionality of the electric motor and the controller software
Total 30 3
Table 2
Technological operations of diagnosing in the client request to carry out an assessment of a technical condition at purchase or
sale of an EV
No. The content of the technological operation Material resources Dura.t ton, S.p ccialists
min involved
1. Organoleptic diagnosis of the vehicle Section for EV diagnosing, Thickness gauge of a 20 Car mechanic;
paint and varnish covering PC specialist
2. Mechanical validation of a steering knot, corners of | stand for checking lateral removal of wheels 5 Car mechanic
driving wheels installation
3. Brake system check Power roller brake stand 5 Car mechanic
4. Suspension system check Computer stand 5 Car mechanic
5. Checking the technical condition with a computer Car OBD scanner with wired fittings, with the 25 Car mechanic;
scanner appropriate software PC specialist
Total 60 2
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Type 6: Electrical equipment

Resource 13: 01110011111111100111111111111111110111111111 (R
Resource 14: 00000000111100000000000000000000110000000000 (R)
Resource 15: 01110000000000000000000011110000110000010001 (R%)
Resource 16: 00000011111111100000011111111111000000110000 (R%)
Resource 17: 00000000111100000000000000000000110000000000 (R®)
Type 7: Set of diagnostic equipment
Resource 18:01110011111111100111111111111111110111111111 (R")
Resource 19: 11110000001111110000000011111000000000011000 (R)
Resource 20: 00000000111100001111000000000000110000100011 (R))

Table 2 shows that for one fast high-quality complete cycle
of diagnostics when selling or buying an EV requires 2 car me-
chanics, a master, a specialist in PC, a site, a device for mea-
suring the thickness of paint and varnish coating, and an
OBD-scanner with wired fittings, with the appropriate soft-
ware. Under acceptable conditions, the duration of diagnosis
is 60 minutes (4 blocks of time) for each resource.

In such condition the input data of formulated model is as
follows: N=7, D=4, D,=1,D;=4,D,=2; Ds=1, Dg=5,
D,=3;n=44;K=1;4,={2, 1, 1, 1, 1, 0, 1} — the required
number of resources of the appropriate type; [/, m;] = [1,
n| — the limits of the time interval during which you want to
perform the corresponding service (if not set initially, it is
assumed to be equal to the time interval of the daily sched-
ule); 4, = 4 — the number of consecutive time blocks pro-
vided by the service. Auxiliary data: the number of all possi-
ble combinations of resources that can provide the service:
0,=CZCICiCICICIC=108. Excluding from consideration
those resources that do not have any gap of a size greater than
or equal to /; in the schedule (in the example these are R23, R;‘,
RS, R]), then Q,=C}C|CICICICIC) =4x3x2=24, which is
significantly less than the previous value.

Next, we add the vectors of resource participation in the
“team” TY, g =1,..., 24. If all resources are written to a string,
then the matrix 7'will have a dimension Q; x (Dy;+ Dy, + D3 +
+Dy+Dis+Dp)=24x4+1+3+1+1+2). Here Dy; indi-
cates the number of i resources that have at least one gap of
the desired size.

Thus, a certain composition of the “command” will cor-
respond to each row of the matrix 7’

T No |[RIJRIRIRI|IR|IR|R|IRI|R|RI| RI|R
t 1 1 0o 0o 1 1 0 0 1 1 1 0
2|1 1 0 0o 1 1 0 0 1 1 0 1
3 /1 1 0o o 1 o0 1 0 1 1 1 0

24 ] 0 0 1 1 1 0 0 1 1 1 o 1

For each resource selection option 77, ¢ = 1, ..., 24 com-
pose vector ¢

S'= 11110000111111110000000011111111110000000000
11111111111111110000001111111111111100000011
11000000011000000000000110000001100000000110
00000000111100000000000000000000000000000000
11110000111111110000000011111111110000001000
11100000111111111111111111111111000000000010
11110000001111110000000011111000000000011000
11111111111111111111111111111111111100011111

< < << <<

$’= 11110000111111110000000011111111110000000000
00000000000000000000000000000000000011111110
11000000011000000000000110000001100000000110
00000000111100000000000000000000000000000000
11110000111111110000000011111111110000001000
11100000111111111111111111111111000000000010
11110000001111110000000011111000000000011000
11110000111111111111111111111111110011111110

< < << <<

00000000000000000000000000000000000011111110
11111111111111110000000000000001111111111100
11000000011000000000000110000001100000000110
11110000000000000000000011110000110000011000
11110000111111110000000011111111110000001000
11100000111111111111111111111111000000000010
00000000111100001111000000000000110000100011
11111111111111111111111111111111111100011111

524

< < << <<

It is easy to notice, that f! = @, f** = @, and, for instance,
f* ={4}. Going through all the input elements of the arrays

/1 ..., /% we find the smallest one. It will indicate the block
number, starting from which the section can provide the ser-
vice. The index x of the array f*, to which the found number
belongs, determines the composition of the team, i.e. the re-
sources of the service station that must be used during the ser-
vice. If there are several such indexes, you can get all the teams
(to be able to select the team by the client) or enter a quality
criterion (such as the minimum total size of gaps in the sched-
ule of a particular resource). Therefore, in this example, the
nearest service time is 9.00, and the resources that will be in-
volved are as follows: R},Ri,R?,R?,R*, R?, R].

Discussion. The satisfaction of EV clients’ requirements is
carried out due to the organization of a diagnostic service that
is based on the usage of modern technologies and technologi-
cal equipment, the availability of highly-qualified personnel,
and the breadth of the range of services. When accidentally
loading EV diagnostic sites in the flow of applications for their
implementation, condensation and rarefaction, as well as un-
even loading of technological equipment take place. It leads
either to a denial of the service or to the formation of a queue.
The peculiarity of the proposed approach to solving the prob-
lem of reservoir resource reservation is the software imple-
mentation of the mathematical model. Firstly, the software
will constantly monitor the occupancy of resources and take
into account unforeseen events (for example, customer fail-
ure). Secondly, it will create such a working schedule that will
increase its capacity.

The specificity of the presented model, which distinguish-
es it from existing models of scheduling theory problems, is the
ability to solve a problem with several different optimality cri-
teria simultaneously and provide all possible options for cus-
tomer service discretion for further choice. This way of inter-
action between the client and the service company has a posi-
tive effect on the company’s reputation and, in turn, can in-
crease the flow of service requests.

Conclusion.

1. The analysis of the technological processes of diagnos-
ing EV is carried out. The information on the main services
provided by EV SS is collected and systematized. For each ser-
vice, it is established what processes make it, how many re-
sources are involved, the duration of each operation is calcu-
lated.

2. The mathematical model on the organization of work of
EV SS with the rational distribution of its resources, which has
appeared to be constructive and reproduces the process of
solving the problem, is constructed. The application of the
proposed approach is demonstrated on the model problem of
optimal resource reservation for the provision of the next ser-
vice under conditions of limited resources.

3. The expediency of using the developed tools to ensure
the effective operation of the EV SS, which increases due to
reducing the downtime of equipment or human resources, as
well as meeting the needs of all customers who approached the
company, is explained.

4. The proposed mathematical model is generalized so that
it can be used in any service company that seeks to rationally
allocate its resources when providing services to a large num-
ber of customers.
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Pauionanbsna opranizauis po6oTu craHmii
TEXHIYHOro 00CIYTOBYBaHHS €JIEKTPOMOOLIIB

C. 1. Yebepsuxo, JI. C. Kopawxkina, O. B. /lepioein,
M. M. Oonoson

HauionanpHuii  TexHiyHMN yHiBepcuTeT <«JlHimpoBCchKa
noJiitexHika», M. JIHinpo, Ykpaina, e-mail: koriashkina.l.s@
nmu.one

Mera. IligBuieHHs1 eeKTUBHOCTI POOOTHU CTaHIIil TeX-
HiyHoro o6cayroByBaHHsI (CTO) enexkrpomo6biniB (EM) 3a
PaxyHOK palioHaJIbHOTO PO3MOIiy ii pecypciB.

Metomuka. CrcTeMHUIT aHATI3 TEXHOJIOTiYHUX TIPOIIECiB
niarHoctyBaHHS EM B 3aJIexKHOCTI Bim moTpe0 KiieHTa; Ma-
TeMaTUYHe MOJEJIOBAHHS, MTOCIIKEHHS omepaliil, KoM0i-
HaTOpHAa ONTUMi3allis.

PesyabraTu. [IpoBeneHo aHai3 TEXHOIOTTYHUX MTPOLIECIB
niarHocTyBaHHs1 EM. 3i0paHa if cucremarr3oBaHa iHpopma-
1IisT IOJI0 OCHOBHUX MocyT, 1mo Hagae CTO EM. Jlng kox-
HOIT 3 HUX BCTAHOBJICHO, SIKi TTPOLIECU CKJIAIal0Th MOCIYTY, iX
pecypcu, B sKiit KUTbKOCTI MPU LIbOMY BOHU 3a/1isIHi, @ TAKOX
TPUBAJIICTh KOXHOI onepailii. [lodynoBaHi MaTreMaTHyHi MO-
nedni 3 opranizaitii po6otn CTO EM, 1110 103BOJISIIOTE 3a6€3-
MEeYUTH PiBHOMipHE 3aBaHTaXXEHHS HAsSIBHUX PECYPCiB i BU-
3HAYaTH HAMOMVDKIMI Yyac HagaHHS Yeprosoi mociayru. Bu-
pillleHa MojieibHa 3a7aya 00 pe3epBYBaHHS PECYPCiB 3a-
IIJIs1 OOCITYyTOBYBaHHSI OiJIBIIIOTO YMC/Ia KITIEHTIB. 3aIIpPOIIOHO-
BaHa MaTeMaTU4yHa MOJIe/Ib HOCUTh y3arajJbHEHUI Xapakrep,
OCKIJIbKM ii MOXHA BUKOPMCTOBYBAaTH Ha OyAb-sIKOMY Iill-
MPUEMCTBI chepu 0OCTYyroByBaHHS, SIKE MparHe paioHaab-
HO PO3MOAUISITA CBOI PECYPCHU TIifl Yac HaJaHHS MOCYT SIKO-
Mora OuIbLIIN KiJIbKOCTi KJTIEHTIB.

Haykosa HoBu3Ha. BcraHoB/IeHO, 1110 €(heKTUBHICTh PO-
6ot CTO EM 306iblIy€eThCsl 32 paxyHOK 3MEHILEHHS Yyacy
MPOCTOI0 00JIagHAHHS a00 JTIOACHKUX PECYPCIB, a TAKOX 00-
CJIyrOBYBaHHS SIKHAUOUIbIIOT KiJTbKOCTI KJIIEHTIB, 11O 3BEpP-
HYJIMCS IO CEPBICHOTO MiANPUEMCTBA.

IIpakTiyHa 3HayuMicTh. 3arporOHOBAHA MaTeMaTUYHA
MO[IeJTb, L0 TO3BOJIUTh, TIO-TIEPILIE, BiNCIiAKOBYBAaTH 3ailHsI-
TiCTh peCypciB MiANPHUEMCTBA; MTO-ApYre, 3a0e3MeUnuTh 301J1b-
LLIEHHS TMPOIYCKHOI CIIPOMOXHOCTI 32 PaXyHOK pallioHab-
HOTO BUKOPUCTaHHS PecypciB.

KiouoBi cioBa: esexmpomobine, cmanyis mexuiunoeo 00-
CAy208y8aHHs, npoyec 0iaeHOCMY8AaHHA, KOMOIHAMOpHA onmu-
Mmizayisa

Panuonanbnas opraHusaius padboTbl CTAHIMH
TEXHHYECKOro 00CIYKUBAHUSA JIEKTPOMOOUIEH

C. U. Yebepsuko, JI. C. Kopawkuna, O. B. lleprocun,
H. H. Oonoson

HauvoHanbHbI TEXHUYECKUIA YHUBEPCUTET «/{HEmpoBCcKast
MOJUTEXHUKa», T. JIHeTnp, YKpanHa, e-mail: koriashkina.l.s@
nmu.one

ean. IToBbieHre 3G GEKTUBHOCTU OpraHu3aluu pa-
OOTHI CTaHLIMU TeXHUUYecKoro obciayxkuBanus (CTO) snek-
Tpomobuieii (BM) 3a cueT palMOHAIBHOTO pacipeneaeHus
€€ pecypcoB.

Metoauka. CUCTeMHBIM aHaIM3 TEXHOJOTUUECKUX TPO-
1IECCOB TMATHOCTUPOBaHMSI DM B 3aBUCUMOCTU OT TTOTpeO-
HOCTEl KJIMEeHTa; MaTeMaTU4eCcKoe MOJEIUPOBaHue, uccie-
IIOBaHME OIepalnii, KOMOMHATOPHAS ONITUMU3AIIHS.
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Pesynbratel. [IpoBeneH aHaau3 TEXHOJIOTMYECKUX TPO-
1eccoB nuarHoctTupoBanust OM. CobpaHa ¥ CUCTEMATU3UPO-
BaHa MHMOpMALIKS 00 OCHOBHBIX YCIYTax, IPeIOCTaBISIEMbIX
CTO BM. [Ins Kaxaoii U3 HUX YCTAHOBJIEHO, KaKKe MPoIiec-
Chl COCTaBJISIIOT YCIIYTY, WX PECypchl, B KaKOM KOJIWYECTBE
MpU 3TOM OHM 3aJCHICTBOBAHBI, a TAKXKE JUIMTEIbHOCTh KaxK-
noit onieparuu. [TocTpoeHBI MaTeMaTUIECKHE MOMIEIIH TI0 Op-
ranuzanuu padotel CTO DM, KoTopbie TTO3BOISIOT 0OecIe-
YUTH PABHOMEPHYIO 3arpy3Ky UMEIOIIMXCSI PECYPCOB U OTIpe-
NIeJISITh OJvKaiiiiee BpeMsl MpenoCcTaBIeHUs] OYepeaHOl yc-
nyru. Penrena momenbHast 3amada 1Mo pe3epBUPOBAHUIO pe-
CypCOB MJisI OOCIYKMBaHMUSI KaK MOXHO OOJIBIIErO 4YMciia
KmeHToB. [IpemtokeHHass MaTeMaTU4ecKast MOIEIb HOCHUT
0000IIEHHBIN XapaKTep, TOCKOJIbKY €€ MOXHO UCITOJIb30BaTh
Ha JI000M TIpearpusThu cepbl OOCITYy:KUBaHUS, KOTOPOE
CTPEMUTCS] pallMOHAJIBHO pacIpelesisiTb CBOM PECYPChl MPU
MPeAOCTaBICHUN YCIIYT GOJIBIIOMY KOJIMYECTBY KJIMEHTOB.

Hayynasa HoBH3HA. YCTaHOBJIEHO, YTO 3(D(HEKTUBHOCTD
padotet CTO OM yBenuuuBaeTcs 3a CUET YMEHbIICHUS
BPEMEHU TPOCTOSI 0OOPYIOBAaHUS MJIM YEJTOBEUYECKUX pe-
CYpCOB, a TaKXKe 00CTYy>KMBAaHUS KaK MOXKHO OOJIBIIIETO KO-
JINYECTBA KJIMEHTOB, OOpaTUBIIMXCSI HA CEpPBUCHOE Mpel-
MpUSATHE.

IIpakTiyeckas 3HaummocTb. [lpemyioxeHa MaremMaTuye-
cKast MOJIeJIb, KOTOpast TIO3BOJINT, BO-TIEPBBIX, OTCJICKBATh
3aHSTOCTb PECYPCOB MPENNPUSITHUSI; BO-BTOPBIX, 00€CTIEUUTh
YBEJIMUEHHUE TIPOIYCKHOM CITOCOOHOCTH 3a CUET palliOHAaIb-
HOTO MCIOJIb30BaHMsI PECYPCOB.

KimoueBsbie ciioBa: 21eKmpomoduns, cmanyus mexHu4ecko-
20 00CAYIHCUBAHUSL, NPOUECC OUACHOCMUPOBAHUS, KOMOUHAMOpP-
Hasl ONMUMU3AYUS
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