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Abstract. The paper dwells on a mathematical model of the logistical system of transport
services for persons with disabilities, and there have been analyzed factors that affect the time spent
on their transportation. When developing methodology for optimizing the time costs of passenger
transport of persons with disabilities, the following two basic transportation services have been
taken into account: “Social Taxi”, which will transport only people with special health; b) vehicle
system in combination with urban passenger transport, which will transport representatives of the
group of people with restricted mobility together with all other passengers. The study found that in
the case of insufficient accessibility to the required environment, by the increase in the demand of
disabled people for transportation by “social taxi”, travel costs are increased that results in
increasing total costs of the carrier. When determining the expenses of passengers, it is necessary to
take into account the additional time, which the disabled persons need for boarding and alighting in
buses at the stopping points, on average 2—3.5 minutes.

Aunnomayus. B crarbe paccMaTpHUBaeTCs MareMaTHYecKas MOZEINb JIOTUCTUYECKON CHCTEMBI
TPAHCHOPTHBIX YCIYr JUIsl MHBAJIMAOB, a TaKXe MpOaHAJIM3UPOBaHbl (AKTOPHI, BIUSAIOIIUE Ha
BpeMsl, 3aTpauMBaeMoe€ Ha MX TpaHCHOPTUPOBKY. [Ipum pa3paboTke METONOJOTHMH ONTUMHU3ALMU
BPEMEHHBIX 3arTpaT Ha MacCaXUPCKUE IMEPEBO3KM HHBAIUAOB OBUTM YYTEHBI CIEAYIOIIUE JIBE
OCHOBHBIE TPAaHCHOPTHBIE yciyru: a) «ColuanbHOE TaKCH», KOTOpoe OyayT NMepeBO3UTH TOJIBKO
JIOJIE ¢ OrpaHE€4YEeHHOW MOABMKHOCTBIO; O) CUCTEMa TPAaHCIOPTHOIO CPEACTBA B COYETAaHUM C
TOPOJICKUM MAacCaXUPCKUM TPAHCIIOPTOM, KOTOPBIA OyleT MepeBO3UTh MPEACTABUTENECH TIpyMIbI
JIIOZIEN ¢ OTPAaHUYEHHOM MOABMKHOCTBIO BMECTE CO BCEMM JIPYrUMU naccaxupamu. Mccnenosanue
M0Ka3aJio, 4TO B CIyyae HEAOCTaTOYHOH JOCTYIHOCTH TpeOyeMoil cpebl, Onaronapst yBeIMUEeHUIO
CIpoca MHBAIMIOB HAa IIEPEBO3KH II0 «COLMAJIBHOMY TaKCH», TPAHCIIOPTHBIE PacXObl
YBEJIMYUBAIOTCS, YTO MPHUBOAUT K YBEJIMYEHHIO OOLIMX 3aTpar mepeBo3uuka. [Ipu onpeneneHuu
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pPacxo/ioB MacCaXUpoB HEOOXOIMMO YYHTHIBAThH JOMOJHUTEILHOE BpeMsi, HEOOXOIMMOE MHBAIUIAM
JUTSL TTIOCAJIKU M BBICAJIKU B aBTOOyCaX B MyHKTaX OCTAHOBKH B CpeaHEM 2—3,5 MUHYTEHI.

Keywords: person with disability, mathematical model, optimization, passenger.

Knrouesvie cnosa: 4enoBek ¢ OrpaHU4YC€HHBIMHA BO3MOXHOCTAMHU, MATCMAaTUUYCCKasA MOIACIIb,
OIITUMMU3al U, ITaCCAKHUDP.

1. Introduction

The degree of civilization of a State is measured by the way in which it treats persons with
disabilities, so the problem in the economically developed countries of the world is the transport
service of disabled people, which is an essential element of State social policy.

In recent years, particular attention has been paid to the accessibility of transport services to
persons with disabilities. In this regard, the project MAPLE has been implemented in Europe,
which analyzes the current state of transport service for persons with disabilities in a number of
countries. The final conference held in London (1) addressed the introduction of innovative
technologies in public passenger transport, which ensure high standards of public transport services
for all categories of consumers, including persons with disabilities.

The study of the current state in the field of transport services for persons with disabilities in
different countries of the world [1] (USA, UK, Germany, France, Italy, Japan, Netherlands, Sweden,
Turkey, Russia) showed that the transport service system for disabled persons is provided with the
adaptive means of transport and special pick up and drop off points at stops, modern transportation
technologies and so on.

Analysis of international experiences of providing accessibility of transport infrastructure to
people with restricted mobility revealed the problems (2-4), solving of which will further improve
the levels of transport services for them, as well as will provide them with safe, comfortable and
less time-consuming travel.

In spite of important changes that recently have been set in motion in Georgia, there is still no
progress towards the development of a new approach to the problems related to persons with
disabilities.

Transport facilities intended for the carriage of disabled people, and their modifications
should meet the requirements of the accessibility and safety standards (5, 6), namely: the adaptive
vehicle is required to ensure boarding and alighting of passengers in buses without any
complication, as well as their safe travel independently and with the person pushing a wheelchair.

In the organization and management of transport services for persons with disabilities, of high
importance is the assessment of the logistics level, which will facilitate the optimization of transport
services for consumers.

The assessment indicators of transport services for persons with disabilities include reliability,
availability, accessibility, service complexity, well-timed service, travelling time, environmental
safety of carriages, safe—conduct for luggage.

2. Ways of problem solving
In the logistics chain, the level of access of disabled people to transport from the point of

departure to the point of destination directly depends on traveller’s waiting for the carriage motive
power and the average time spent on the movement of the vehicle. The values of these components
are mostly affected by the ratio of different forms of transport services for disabled people. Thus, to
determine the optimal time spent on the carriage of persons with disabilities, it is necessary to

162


http://www.bulletennauki.com/

broanemens nayxu u npaxmuxu [ Bulletin of Science and Practice

http://www.bulletennauki.com Lo fit dizeh AU

determine the number of vehicles equipped with specialized equipment for safe and comfortable
transportation of persons with disabilities.

The list of factors affecting the time spent on the carriage of persons with restricted mobility
is shown in Figure 1.

The time spent on mobility of disabled people

- the level of accessibility to urban facilities, public
transport parking areas and stopping points;

- the urban network density;

- walking speed of passengers with restricted mobility.

Time spent on walking to
and from the stopping
points and parking areas

- traffic interval;

- failure probability on the route;

- traffic control;

- average passenger carrying capacity of vehicle;

Time spent on waiting, - number of vehicles;
boarding, alighting and - average operating speed of movement on the route;
transfer - non-uniformity of passenger traffic flow;

- time and duration of the operation of motive power;
- average distance of movement during the transfer;
- coefficient of transferability.

- route length;

Travel by vehicle - movement at the specified condition and dead time on
the line;

- average travel length;

- average motion speed on the route;

- dead time of bus during boarding and alighting;

- bus arrival time on the rote.

Figure 1. The list of factors affecting the time spent on the carriage of persons with restricted mobility.

In the logistical system of transport services for persons with disabilities, the carriage, from
the customer’s point of view, will be optimal when the service will be provided “dead on time” at
minimal cost. The problem should be solved by meeting the customers’ needs and by taking into
account the interests of persons providing transport services.

From the point of view of passengers, the optimal is travel executed in minimum time with
maximum comfort and acceptable tariff. Therefore, they will choose one of the following types of
transport services:

1. Private passenger car;

2. Public passenger car — taxi,

3. “Social taxi” — equipped with devices required for comfortable and safe travel for people
with disabilities;
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4. Public specialized motive power moving on routes designed specifically for people with
disabilities;

5. An adapted bus moving on the regular urban passenger routes.

From the perspective of the transport service operator, the optimal is a transport system of
persons with disabilities when their travel costs are minimal.

3. Subject and methods of research
The objective of the research is to determine the time spent on comfortable and safe

transportation of persons with disabilities in the logistical system of urban passenger traffic in the
city of Kutaisi.

While developing the methodology of this research, there were taken into account two basic
transportation services appropriate for city conditions, particularly: a) “Social taxi” that transports
only people with special health; b) Vehicle system in combination with urban passenger transport,
which will transport representatives of the group of people with restricted mobility together with all
other passengers. Figure 2 illustrates the transportation chain for persons with disabilities along one
or several routes.

- Point of departure; @ —  Point of destination;
@ —  Stopping point for the buses adapted to disabled people

— Stopping point for the buses non-adapted to disabled people

—» — Travel on the route by public transport
_____ »— Walking
—===#% — Travel by “social taxi”

Figure 2. Sceme for choosing the type of passenger transport of disabled people, a) when using one
route; b) when using several routes (including transfer).

While determining the time spent on transportation of persons with disabilities there has been
taken into consideration the level of accessibility to urban facilities, parking areas and stopping
points, and it is also important to know how the points of stopping and transfer on urban bus lines to
people with disabilities, distances between their locations and so on.

4. Basic part of research
In particular conditions, the number of different types of vehicles equipped with special

equipment must be determined to provide comfortable transportation for persons with disabilities to
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the point of destination for a short period of time. To deal with this challenge, there has been used a
mathematical model of the logistical system for persons with disabilities by urban passenger
transport [2—4].

The economic—mathematical model of the logistical system for persons with disabilities in the
system of urban passenger transport was constructed in the city passenger transport system based on
the analysis of the logistics chain of their travel from the point of departure to the point of
destination.

From the perspective of people with the limited mobility, the function of the objective may be
presented as follows

lav.i 1
plm - 21 121 1 l Ch + tlmp + ((O 5+ l:)fall 1])Ilnt ij > Ktransf + tlmp

i=1,..,n— the category of the group of persons with restricted mobility; j =1,...,m — a

— min, where

transport service option for persons with restricted mobility; tfjh — transport type choosing,

imp ,imp1l
2 tl}

motive power traffic interval dependent on the number of buses on the line; Prq;;; —failure

ordering and wating time; t;; — the time spent on travel by j-th motive power; j lin:;j —

probability of passenger boarding owing to the lack of free seats; 4,4 ; — average travel distance;;

V-

ij — motion speed of j-th motive power ; Ky qns5 — coefficient of transferability.

From the perspective of the owner of the transport services (city administration) the function
of the objective may be presented as follows

Z

m P
ost :
owner Z Z ] - min

k=1 j=1 b—1

where k=1,...z — types of urban transport; j=1, ..., m — transport services option; b=1—
routes of transport services for people with restricted mobility; W_kjb”cost — costs of the
transportation of people with restricted mobility by the option of transport services.

The cumulative time spent on transportation of a person with a disability is determined by the
formula

N N
T=2 tyur+ (Z twi + Z teri) " Keransy
i i

where t,,4;, — the time spent on walking to and from the point of stopping, min; t,,; — bus
waiting time, min; t;; — time spent on travel by bus, min; N — number of transfers; Kyqnsr —
coefficient of transferability.

The time spent on walking of person with restricted mobility to the stopping point for
boarding to the bus on average is equal

t =d 601
walk — v, walk
where v, — walking speed of person with restricted mobility; d — coeffecicient of

accessibility to the public transport stopping point and parking area; l,,;, — distance to the
stopping point.

165


http://www.bulletennauki.com/

broanemens nayxu u npaxmuxu [ Bulletin of Science and Practice

http://www.bulletennauki.com Lo fit dizeh AU

The average distance to the bus stopping point

1 lgsi

lwalk=§+ 2

where § — transport network average density, km?; [,;; — the average space interval on the
route, km.
The average space interval on the route

where ng, — the number of stopping points on the rote in both directions; L, — route length,
km.

The passenger bus waiting time depends on precise timing operation of driver traffic, traffic
interval, passenger carrying capacity and the actual filling of motive power, because when vehicle is
crowded, alighting may not be possible, and the waiting time in this case increases by the value of
the next bus waiting time.

The time spent by a person with restricted mobility on waiting for boarding is calculated by
the formula

tw = It (0,5 + Prair) ,

where [, — bus traffic interval on the route; Pr,; — failure probability of passenger
boarding owing to the limited passenger carrying capacity of vehicle.
The time spent by a person with restricted mobility on travel by bus

60l

[
T ’
Umot

where 14.,;,— average travel distance, km; v,,,,; — motion speed, kmh.

The motion speed
60L;

Vmot = ¢ >

where t; — time of the movement of vehicle in both directions, which involves dead time
caused by time required for boarding or alighting of person with restricted mobility (the average
time required for boarding or alighting of person with restricted mobility is 1000 sec; t, — dead
time on the terminal stopping point.

In the costing exercise of transportation of persons with disabilities, it is important to take into
account the level of accessibility to urban facilities, parking areas and stopping points. Owing to the
fact that as a result of studies conducted in Kutaisi City, it has been established that there is no
transport infrastructure adapted to persons with disabilities, for the calculation with the proposed
model, there have been conditionally chosen the routes and the points of stopping and transfer for
public transport on them.
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Determination of adapted vehicles for the carriage of persons with disabilities in logistical
systems of urban passenger transport was based on a comparison of the results of calculating the
total logistical expenses on transit and transportation of persons with disabilities.
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—¥ total costs; A- low-floor bus; M- “social taxi”

Figure 3. The ratio of the number of motive power depending on the costs of transportation of people
with limited mobility and costs of the carriers.

The results of the research shown in Fig. 3a, b allow us for making the conclusion that in the
case of insufficient access to the required environment, due to numerous obstacles to be overcome
and by the increase in the demand of disabled people for transportation by "social taxi”, travel costs
are increased that results in increasing total costs of the carrier. The graphs (Figure 3.a) show that in
case of a fixed request, it is necessary to have 5 low—floor bus of 8 running on the line, and 5 "social
taxis". According to the same data for the same route (Figure 3. b), but equipped with well-adapted
transport facilities, there are required 3" social taxi" minibuses to reduce total logistical
expenditures on passenger transportation. At the same time, by increasing the number of low—floor
buses from 7 to 8, it is possible to improve the quality of transportations.

5. Brief conclusions
Using the economic-mathematical model, and by the calculating algorithm created on its basis,

according to the maximum costs of the carriage of people with limited mobility, there has been
determined the optimal ratio of the numbers of the low—floor buses and “social taxis” on a particular
route.

When determining the expenses of passengers, it is necessary to take into account the
additional time, which the disabled persons need for boarding and alighting in buses at the stopping
points, on average 2—3.5 minutes per person with a disability;

The maximum costs of the carriers and the minimum costs of travel of disabled people are
arisen in the case of total satisfaction of the needs of travel and transportation of persons with
disabilities, especially by small-capacity motive power. In this case, it is necessary to provide the
maximum funding of a logistical system of urban passenger transport and achieve the best level of
passenger service.
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