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Fig.2. The diagram of passenger flows on the city route (minibus)
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Fig.3. The transport service scheme for disabled people by city bus
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(A1, Az... Ap) - habitual residences of persons with disabilities in the city’s territory;
(B1, Bz .... By) - places attracting persons with disabilities.
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Fig. 5. The scheme of intersection of specialized and major routes
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Fig. 6. The scheme of intersection of specialized and major routes A and B crossing ponts, K-
attracting point
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Hl - bus running on the specialized route equipped with the adapted devices for disabled persons.
1 - bus running on the major route equipped with the adapted devices for disabled persons.
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@ = Stopping point for the buses adapted to disabled people
— Stopping point for the buses non -adapted to disabled people
» — TIravel on the route by public transport
..... »— Walking
—~— % — Travel by “social taxi”
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Fig. 8. Sceme for choosing the type of passenger transport of disabled people, a) when using one route; b)
when using several routes (including transfer).
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Fig.9. The realationship between the numbers of motive power according transportation and

carriers’ costs for the carriage of disabled persons
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Fig. 10. The values of passenger flows in the Kutaisi transport network

5J0096  209mB0bscY, 930090 2obs dgddbowroym Lsdowsdm  GEMIBLEMEME0m
dALobm@gdoL 5a3EM0 Fomrm3z0l Ldgds (bob. 11.), GMIgeros »HBOHMB39wymxrl Jugel
dosfmml 3960gLbol  qLsdsdolbo  MHHMIbMOOL  93EMOMLO, bmem  sdsEHIOOMO
LOEGMBLIMOEM 9gOHgMgdo Jogfimgds IgHogcmmbszsols Jobgz000 sdsdwe BBL.

o300l 395GHMo Mo 37bJ@o (833) IaBo3Mgdol Joge 8393909 S 5MHYL BSGMMMBOL
90bg30m  gobloBE3ML3L  TmbowmEbgro  dFBogMbs3soL  MOoMmEIbmMdIL s  2oo3gaL
59539000 BoEoL3gRIMM 3964BHL (L3) 0bBEMAs305L IToEHJIOMO 53@MdMLOL  Jofmgdols
BoFoMmgdol Jqlobgd. sdsEJO0MO LHEMIBLEMOEM JOHMIMWOL MoMmEIbmds s Jofimgdol
QO™ 3560L5BOZMYdS b MY FQBI3MMNB 3500l dobgz0m.

5953900000 LoGMIBL3MOGHM gOHMIMgdol d9yzo60l 3MmEgbo  953GHMLOGOIBL3MOEGHM
LoHoGmBMLomzoL  0fj393L1  sF5EBHIV0m  boGxgdl dybogmgool 130 dsbdogBg  25oy3560L
39005563960089000, o650 01Mgds  LBoG®IbL3MOGHM  IMALobMgdol  boGolbo o
LOEOBLIMOEM L5TMsEgdoL FTomdols HglMLO.

93H0300b53500m  gooG30MHM MB¥b6gdBy  dmddg LobGHYdsdo 3ozol Losogddo
533™319gd0L 25GH3Z0MMNZ00 A5dM gL SGIEOM oGO0 0DBMHIds MomMddol 20 % -
9y, bmwm  #9dbozmmo  Lgmgzolbol bsGxgdo ®mOXIO, 30067 30305dmMOl  Lssmgddo
9850m30LSL. T53HJOOMO BHEMBL3MOEOL T9Y3560LsL LogdLdEIMsEOEOM botX OO A0DIMS
10...15 %-om, 8ogM58 }9db03mMo LgMHzoLbol boGxgdo 990300 60 %-0@Y, 53oLMb gOHMs©
domfgmmo  0dbs  ByHogmmdsbg  @IbsOx Mo  xsIMMO  ©@OMOL  d9I306M90s Qo
30IBMOES0JLMOMOOL 5T5W0GDS.

19



QQBB, ATCS e >

A SS

~
\4 s
N
A
e K
Pid N
- N
- (NN
P LN
e RN
N
N

. Al
>\ CCR SN
©535¢3gdomo N
G®obLb3mM@o, Additional transport
S
> 3060050 GHMBL3MGOGO,
Main transport

Bob.11.  Logdamodm LsdaBs30m  GHMobLdmMEGH00 dmALobmMgdol s@sd@EeMo doOm30L
Lgqds

Fig. 11. The adaptive management scheme of urban passenger transport services
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Topicality of research. The main sphere of urban economics is represented by urban passenger
transport, but at present, it cannot meet the demands of all habitants and guests of Georgian cities. For
example, transport services are easily available to people with disabilities. It is very difficult and
sometimes even impossible for them to use urban passenger transport facilities, because they are not
equipped with special equipment.

The specificity of transport services for persons with disabilities is that urban passenger
transport and transport infrastructure facilities must be equipped with special means that provide them
with convenient, safe and reliable transportability.

At the modern stage, the transport system, in terms of logistical approach, requires the
development of the effective measures for management of passenger transport. The use of principles of
logistics in transport will enable us to achieve high levels of passenger services with their safe, reliable
and continuous delivery to their destination.

The Convention on the Rights of Persons with Disabilities adopted by the UN General Assembly
on December 13, 2006 provides for the participating countries to undertake appropriate measures to
make transport services accessible to people with disabilities.

Currently, social rehabilitation of people with disabilities is a topical issue in Georgia as well as
in other countries. One of the most important tasks is to ensure the transportability of disabled people
by using public transport, as well as ensuring their access to transport and road infrastructure, taking
into consideration safety standards. Innovative solution of these problems now requires the further
scientific research projects.

The introduction of the improved effective transport service system for different population
groups, including persons with disabilities, in logistics system management of urban passenger
transport, using the theories and models of logistics, as well as the logistical approaches, determines the
relevance of work, which will have theoretical and practical significance for the economies of cities,
regions and country.

The goal and objectives of research. The goal of the research is to increase the effectivness of
the urban passenger traffic management system using a logistical approach, as well as to develop the
methodology for the formation of logistics system of transport services for persons of restricted
mobility. As a result of achieving this goal, we will obtain the reliable, efficient, safe and the
environmentally friendly urban transport system that will be targeted at citizens belonging to all strata
of society, including people with disabilities, and therefore at the interests of society as a whole.

In order to achieve this goal, itis necessary to resolve objectives as follows:

- To analyze foreign experience in the organization and management of transportation of disabled
people; ;

- To study specifics of using modern logistics technologies in the field of passenger transport services;

- To assess the scale of disabled people’s demand for transportation by urban passenger transport;

- To develop the algorithm for improving management of urban passenger transportation processes
using the modified model and logistics approach;

- To develop the methodology for determining the numbers of vehicles and special devices needed for
safe transportability of persons with disabilities in the logistics system of urban passenger transport;
- To develop the typical systems of information-communication technologies on transport services for
people with disabilities;
- To develop measures for improvement of transportation services for persons with disabilities by urban
passenger transport.

The subject of research is the process of transferring various groups of people, including
persons with disabilities, by public transport within the urban area.

27



The object of research is a logistics system of Kutaisi urban passenger transport in terms of
disabled people’s demand and ensuring their transportation.

Research methods. To conducte the studies, there were used the statistics applied and specially-
developed computer programs, and methods of statistical analysis, mathematical and economic-
mathematical modeling, as well as methods of sociological survey and field research on determining
passenger traffic flows.

The pilot studies were carried out on the routes of land passenger public transport.

At every stage of research, there were used compoter, video-audio and modern innovative
technologies. .

The research novelty consists in developing the theoretical-methodological aspects and
scientific-practical recommendations on improving the urban passenger transport system based on the
approaches of logistics, with to transporting pesons with disabilities.

The research novelty of the results obtained by the author consists in:

1. Based on the analysis of the level and accessibility of disabled people’s demand for urban
passenger transport services, there have been determined all ellements of the logistics chain of their
transportations, which influence the level of accessibility of urban infrastructure;

2. According to the logistic model, there has been developed a scheme of specialized routes passing
through the areas of dense dislocation of persons with disabilities.

3. According to the calculation algorithm based on the used economic-mathematical model, in
line with the minimal logistical costs on transportation of disabled people, there was determined the
optimal ratio of the motive power and the "social taxi" on the specific route..

4. Based on the genetic algorithm, there was created the method for optimizing the process of
passenger transport management by the “GPS-bus-Internet-dispatcher” system for controlling the
timetables of of urban buses:

-determining the optimal number of motive power on the route;

-determining the optimal timetables for each bus, adjusting the timetables and traveling speed in
accordance with the existing road conditions;

-deteremining the reasons for bus traffic schedule violations.

Praxtical bearing. The use of the results of research and recommendations will improve the
urban passenger transport management system in the process of logistics system management of urban
passenger transport, and consequently will increase the quality of transport service for the city’s
population, including persons with disabilities.

Results and recommendations obtained in the dissertation have scientific-practical value for the
population of Georgian cities, including in ensuring the access to transport and road infrastructure for
persons with disabilities.

Main areas of the use of intellectual products created as a result of the project are as follows:

- the State governing authorities, the city municipal transport department, the trucking carrier companies
and individual entrepreneurs:

- Scientific-research centers and higher education institutions working on the problems of improving

management of urban transport;

- The educatteaching process in higher education institutions for students specialized in Transport.

- The training-retrainig centers for educational laboratories and transport managers.

Approbation of work. The peovisions and results of research were presented and discussed at

scientific conferences and seminars:
1. At the scientific-practical seminars of Transport direction of the Department of Transprt and Civil
Engineering at the Faculty of Technical Engineering of Akaki Tsereeli State University (Kutaisi, 2015-
2018);

28



2. I1X International Scientific Conference (Katowice Poland, 2018);
3. International Scientific-Practical Conference “Transport Bridge Europe-Asia” (Kutaisi, Georgia,
2017).

Published materials. On matrials relating to dissertation paper, 4 scientific articles were published
in international scientific journals, such as “TRANSPORT PROBLEMS” listed in a Scopus database,
and one article in international journal , ,,JUVENIS SCIENTIA “ listed in a database of ERISH PLUS.
These journals were recommended by the Dissertation Council of the Faculty of Technical Engineering
of Akaki Tsereeli State University.

Volume and structure of dissertation. Dissertation includes four chapters and contains 8 tables, 21
drawings, 2 annexes and list of 114 references, conclusions, and References. All in all, it amounts 154
pages.

Brief description of the thesis work

The introductory sector justifies topicality of research, defines the goal, subject and object of
research and describes research objectives, research novelty and practical bearing.

The first chapter describes the analysis of the management systems of urban passenger transport
services, formulates the goal and objectives of research. The issues related to the organization and
management of passenger transportation by road are decsribed in the works by Georgian and foreign
specialists as well as in the reports of public transport associations. These include:

- Issues of passenger transport demands, carriages and routes and solving technological tasks of
the organization of passenger transportation by road in the route network, tariff determinations and
organizing the ticket system, control of passenger motor transport and performance record,;

- Public transport must be available to everyone, especially to socially vulnerable people. At the
same time, it is necessary to equip public transport with the adapted systems, in order to provide
comfortable travel to different categories of consumers;

- Accessibility of transport infrastructure facilities for disabpled people;

- Analysis of international experience in the organization and management of transportation of
people with disabilities;

According to the statistical data provided by the Ministry of Labor, Health and Social Affairs of
Georgia, in 2017, there are registred 125104 persons with disabilities receiving the state social
assistance in Georgia, that is about 3-3,4% of the country’s total population (3 729 500), while
according to the World Health Organization, this number in most countries reaches 10% on average.

National experiences show that adaptation of persons with disabilities to society is one of the
State priorities.

Use of the approaches of logistics in passenger transport allows for optimizing the transport
service processes, ensuring the needs of different categories of consumers on the basis of rational use
of existing resources..

The second chapter brings the methods for studying passenger flows sengers on the city
routes, as well as specifics of a pilot study in field conditions.

For the use of the approaches of logistics in the management of urban passenger transport in the
process of passenger transportation, there should be made the quantitative evaluation of redistribution
of the real values of passenger flow between the bus and minibus routes.

It is advisable to carry out the studies of urban passenger transport when the factor of passenger
flows equals to 1.0 or varies within the limits close to 1,0.
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We use seasonal variation factor (K, ;) for selecting the month of the season, which, for the i-th
month of the year, is determined according to the formula:

__ Pmi-nl

Ks.u.i -

1)

where Pm.i—the volume of passenger traffic in the i-th month; Pr—the volume of passenger traffic during
the year; nm.i—the number of calendar days in the month.

The average weighted number of passengers in the city of Kutaisi was 32,122 million, according
to statistical data from the previous years.

The value of variation factor K, ;=1,011 is the closest to 1,0 in the month of April, therefore, the
stable month for studying passenger flow is April, while October is the most tense months for
passenger flow. We have the lowest value of passenger traffic in August.

The minimum volume (B, ) of selected samples is determined by the following formula:

Pr-nm.i

t2-w(1-w) Py

Pres. = A2 (@)

A —the maximum permissible error of the representativeness of samples; t —multiplicity of error of the
representativeness of samples; (1-w) —the degree of variation in distribution
The minimum volume of passenger transfers was determined for the use of the selective method:

2, —w)- 2, — .
Py, = t w(1Azw) Po _ 1,96 0,5(1520,5) 32,125 _ 1,234min. pasengers 3)

In order to use the sampling method, it is enough to study just 3,841% of annual passenger
transport.

The data on passenger flows obtained as a result of the pilot studies using the example of No 1
and No 5 are shown in Fif. 1 and Fig. 2. The distribution histogram for both routes is changing by the
almost similar patterns. There have also been studied the relationship between the numbers of
passengers transferred on the compatible sections of the transport schemes on both routes, which does
not exceed 5% in favor of the bus routes.

The third chapter brings the logistic models of the service to disabled people in transporting them by
bus.
The logistic model of transport service for disabled people in the integrated urban transport
system is a functional link of a unified transport system..
When solving the set objectives, there have been provided:
¢ determining the optimal number of specialized regular passenger routes for disabled people;
e all buses running on the specialized regular passenger routes must be equipped with the adapted
devices;
¢ designing the scheme of a new specialized route maximally compatible with the existing urban
transport schemes.
To organize the logistic model of transport service for disabled people on the acting urban transport
routes (Fig. 3), at least one bus must be equipped with the adapted devices. In order to provide the
effective functioning of the model, a new route scheme is required to pass through the points of
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gathering (A1, Az ... Ay )) and major attraction (B;, B, ...B,) of disabled people, and besides, it must
cross the schemes of the acting toutes at least in one point, in order to enable disabled perons to travel
with one transfer to any object located within the city’s territory.

Based on the analysis of the results of a sociological survey of persons with disabilities, there have
been determined:

o the location and number of habitual residences of persons with disabilities (A1, Az... Ay) ;

o the location and number of places attracting persons with disabilities (B, B, .... By);

e priority transport directions for persons with disabilities;

o forecasting the number of passenger carriages on each direction by week-days.

On the example of Kutaisi city, there have been determined 4 points of the compact settlement
of disabled persons, and according to the city districts, the points, where urban transport will be
accessible for any person with diability living there separately. Through the questionary-based surveys,
the following target directions have been established: 52% - traveling to medical institutions; 30% - to
amenities and recreation Kits; 12% - to social security institutions; 6% - various travels. As for traveling
for educational and job purposes, they are operated by specialized institutions using specialized
ransport. Figure 4 illustrates the Kutaisi transport network, with a new regular route scheme designed
for people with disabilities, which was designed taking into account the results of the questionary-
based surveys.

As shown in Fig.4, this route has at least one crossing point with the major urban routes, due to
which any point in the city is accessible to disabled persons. All buses running on a special route are
adapted, while on the main one — there are adapted one or two buses.

There are two instances of choosing a special route for transfering from a special regular bus
intended for disabled perons to the bus running on the major urban route: 1) The specialized route has
one crossing (Fig. 5) at least two main urban routes to the point of attraction; 2) The specialized route
has two crossings with one main route to the point of attraction (Figure 6).

The Kutaisi City Transport Operational Monitoring System (equipped GPS system) will be
used to eliminate the overall expenditures on the tripartite travel, which will enable the shuffle to get
the information from the transition point at the distance from the adjacent device. The use of GPS
Information Technologies has the opportunity to choose the optimal option of transferring to reduce the
total time spent on travel..

The pilot studies were carried out to evaluate the time spent on travel, for two options: 1) in the
event of accidental transfer; 2) using GPS information technology. Figure 7 illustrates the relationship
between the total travel time costs for disabled persons and the travel for both options. As can be seen
from the graphs, the time spent on travel in the case of accidental transfer is 60% ... 80% higher than
with the use of GPS technology.

From the point of view of passenger, in the logistics system of transport services for disabled
people, the best approach would be travel, implemented for minimum time with a maximum comfort
and acceptable tariff.

With a view to studying the optimization of time costs spent on transportation of disabled
people, two basic schemes of transport services were developed (Figure 8), namely: a. "Social Taxi"
intended for for persons with restricted mobility; and b. In combination with urban passenger transport,
transportation of persons with restricted mobility.

The economic-mathematical model of the logistics system of transport services for disabled
people was used to determine the number of adapted vehicles required for their delivery to the destination
point for the minimum time.

The effectiveness function with a view to disabled persons, can be presented as follows
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where i = 1, ...,n- is a type of the disabled persons groups; j = 1, ..., m- an option of transport
service for disabled persons; tfj” - waiting time for choosing the type of transportation, order and

accomplishment of transportation, sec; t;;*, tii;”pl — time spent on the travel of j-th motive power

from the point of departure and arrival at the point of destination and on choosing the distance (the road
should follow the specially equipped rout for disabled persons, if any, sec); I;,.;;- the traffic interval
of motive power, which depends on the number of adapted buses on the route, min; Py ;i —
probability of failure of passenger boarding due to lack of vacant seats; [, ;- average travel distance,
m; V- travelling speed of j-th motive power, m / sec; Ky.qns5- COefficient of transfer.

With a view to the requirements of owner of transport services, the effectiveness function can be
presented as follows

Mengy = Der Zfor- Zhy: [R5 ] = min, 6)

where k = 1, ... z- the types vehicles allocated for services for disabled persons; j = 1, ..., m- transport
service option; b = 1- transport service routes for disabled people; W,fflft - the costs incurred for
transportation of disabled persons by different vehicles according to service option.

The cumulative time spent on transportation of disabled person is determined by the formula

where t,, .- the time spent by a disabled person on walking (on foot or wheelchair) to and from the
point of stopping, sec; t,,;- bus waiting time, min; t.,.;, — Time spent on travel by bus, sec; N —number
of transfers; K.qnss - coefficient of transferability.

From the fragments of the results of research (Fig. 9 a,b), the increase in demand for
transportation by "Social Taxi" increases expenses including the carrier. From the graphs (Fig .9a) it
appears that in case of a fixed request 5 low-floor buses (A) 10 and 5 "social taxis" (M) working on the
municipal route are required. For the same route (see Figure 9,b), 3 adapted minibuses are so called
"social taxes" that allow for reducing the total logistical expenditures on passenger transportation, in
particular passenger logistics costs reduced (1450/1875) by X100 = 23%. At the same time, the number
of low-cost buses can be increased from 5to 7.

The fourth chapter describes the logistics models of optimization of passenger transport
management processes and calculation results are presented. Analysis of conducted surveys revealed
high passivity and intensity of passengership in Kutaisi mini network, the two most tense areas A and B
(Fig. 10).

Therefore, it has become necessary to create an adaptive management scheme for urban transport
(Fig. 11) to provide the network with the appropriate number of buses and additional transport units are
supplied with a turbulent tunnel..

The Centralized Control Point (CCP) determines the number of expected passengers and informs
additionally to the traffic control station (TCS) about the need for additional buses. The number of
additional transport units and the delivery time is determined by the expected passenger traffic.
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The introduction of additional transport units will lead to the transportation of the vehicle to the
cost of passenger transfer at a distance of 1 km, but the quality of transport service and the resource of
the work of the vehicle is increased.

Operating expenses are rising up to 20%, and technical service costs are twice as busy during pic-
off hours due to overloading of buses during peak hours. In the introduction of additional transport, the
cost of operating expenses increased by 10% ... 15%, but technical service costs decreased to 60%,
while achieving the total time spent on travel and increasing comfortability.

The use of the genetic algorithm adapted to the conditions of this task is proposed to solve the
task of optimizing the management of the passenger process management. It is also necessary to
consider the concepts such as chromosomes, genes, populations, and random changes operators..

The chromosomes are considered to be the solution for a task that consists of the elements of the
solutions - genes. The set of options variants constitute the population..

The parameters used to solve the task set and to construct the chromosomes were used:
time of moving off on each bus line;
moving off stop conditional number;
number of movements performed during the operating period;

- number of motive power running on the line.
Taking into account these parameters, the proposed (A) chromosome is as follows:

o dlalel 1 1 1 1 1,
A=(0, B, 87, Y12,Y23 Vi, jr - YicL ko M
R O T Y NS ®

Z QZ sZ .2 z z z z
o B85, Y12,¥23 4 Vi joroo Vicl ko Hk—1)
For example, the gene O = (0(1, az) contains information on the number of movements;

The gene |3V = ( 1‘"N , %”N 1"4'\' ) defines the time of v-th bus moving off on N movements

in hours V = E , Where z- the number of buses running on the line during the operating period.

The gene &Y :(51"'N,,,,,5G”N,,,,,5r‘1"'\‘) defines the time of v-th bus moving off on N

movements in minutes V = E where z- the number of buses running on the line during the operating
period.

The genes

v,N Il wN | vN | vN

’Yl,Z =( 7/1,2,11 71,2,2; 7/1’2,3),...,

v,N Il v,N Il v,N I v,N

Yj,i+1=( Vii+11r Vji+1,2 7/j,i+1,3);---, )

v,N I v,N I v,N I v,N
Yk-1k =( Yk=1k 1 Yk=1k, 21 7k—1,k,3)
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Are the vectors of the time intervals of passing the route sections by v-th buses on N movements, where
1=1Kk.
\ v,N v,N v,N v,N . ]
The gene u :(/Ui 7N ) AN ¥ ) shows the point of v-th bus moving off

Vv =1, Z, where z- the number of buses running on the line during the operating period.
The chromosomes are compared as follows:

From the analyzed population P :(1A,..., YA,..., ZA), the chromosome that violates restrictions
least of all is considered to be the best one, while among the chromosomes that equally violate

restrictions, there is chosen the chromosome with a higher value of a target function F ( ! A) .

The proposed method for optimization of passenger transport management created on the basis a
genetic algorithm (Fig. 12) was tested on the controlling system of the urban bus movements “Bus-
Internet-dispatch operator”.

The bus timetable on the route (Fig. 12) allows us for determining the most comjected sectors of
the route throughout the day and the intensive sectors in Rush Hour.

In the case of off-schedule deviation in the delay direction by more than 10 minutes, the dispatch
operator analyzes the traffic situation in accordance with information obtained from the transducers
installed on the buses, based on the basis of which the bus it is easy to identify whether the bus is in the
traffic jam or it left the route for technical reasons.

The developed control and management system will improve the bus control quality on the routes,
and alos it is possible to increase the line speed of buses on the routes, as well as to adjust the bus route
time table, the number of motive power running on the line, the time of passing each route section in
Rush Hour during each travel.

Basic conclusions

1. According to the statistical data, in 2017, there are registred 125104 persons with disabilities
receiving the state social assistance in Georgia, that is about 3-3,4% of the country’s total population
(3 729 500). According to the analysis, the level of transport access to the population in the cities of
Georgia is insufficient, and in some cities it does not exist at all.

2. By using the selection method of passenger flows, we have studied 3,841% of the annual

passenger movement, or of the number of population.

3.In order to prevent traffic congestion in the local sections with the most intensive passenger
traffic, we have developed the adaptive standby scheme of urban transport, which envisages the
immediate allocation of additional vehicles directly to the congested sections based on the data from
the intelligent information systems;

4. There were evaluated the economic indicators of service during the use of additional transport,
in particular, transport costs are increased almost by 20% in Rush Hour, while the technical
maintenance costs are doubled as compared with operation between peak-hour congested times. When
allocating additional transport, the operating costs increased by 10..15 %, while the technical
maintenance costs were reduced to 60%.

5. Through the questionnaire-based surveys of transportation of disabled people by urban
transport, the following target directions have been established: 52% - traveling to medical institutions;
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30% - to amenities and recreation kits; 12% - to social security institutions; 6% - various travels. As for
traveling for educational and job purposes, they are operated by specialized institutions using
specialized transport.

6. Study of passenger flows in the city allowed us for collecting full and reliable information for the
optimization of operation of transport firms, which led to the need for optimizing indicators such as:
the number of buses running on the line during the day; the number of travels of each bus running on
the line; the time of each bus moving off during the first and subsequent travels; the point of each bus
moving off during each travel; the minimum time intervals required for passing the route sections
during each return travel;

7. According to the economic mathematical models and the calculation algorithm based on them,
by the minimum logistics costs, there is determined an optimal correlation between the number of low-
floor motive power and ““social taxi” on the specific route;

8. In case of 7 adaptive buses and 3 units of "social taxi" from 10 buses running on urban routes, the
overall logistics costs on passenger transportation are reduced by 23%;

9. The modified gene algorithm has been proposed, and the principles of constructing the
chromosomes and the random change operators towards the set tasks have been determined, as well as
the appropriateness of their inclusion into the genetic algorithm has been justified,;

10.  developed routes of buses operational management system that gives us the routes of buses
driving quality increase, as well as possible to the speed of the motion, motion graphics, online rolling
number of vehicles, "peak hours" to each of the passage of time and each rotational flight performance
time a correction.. There has been developed the the Operating Control System for buses running on
ther routes, which allows us for improving the bus control quality on the routes, and also it is possible
to increase the line speed of buses on the routes, as well as to adjust the bus route time table, the
number of motive power running on the line, the time of passing each route section in Rush Hour
during each travel.
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