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IHTEJIEKTYAJIBHA MICBKA TPAHCIIOPTHA CUCTEMA,
SIKA BA3YETHCS HA POBOTU30BAHUX ABTOMOBLJISAX
This article is devoted to the description of an intelligent urban transport passenger system based on unmanned

electric vehicles called infobuses, and the principles of its functioning, namely, a conveyor-cassette method of trans-
porting passengers. The introduction describes the prerequisites for the emergence of new types of transport systems in

cities and in particular PRT transport.
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JaHa cTaTTs NPUCBAYCHA ONHUCY IHTEIEKTYalIbHOI MiCBKOT TPaHCHOPTHOI MacaXUPChKOI CHCTEMH HA OCHOBI
0e3nmuIoTHHX eneKTpokapiB, Tak 3BaHNX [HOOBYC, i npuanunam 1i GyKHIIOHYBaHHS, a caMe KOHBEEPHO-KacETHOTO
Crioco0y pO3BE3CHHS NTACAKHUPIB. Y BCTYI HaBEACHO MEPEAyMOBH BUHUKHCHHS HOBHX BHIB TPAHCIIOPTHHX CHCTEM Y

Mictax Ta 30kpema PRT-tpancmopry.

KunrouoBi ciioBa: nacaxupcbkuil TpaHCIIOPT, IHTEIEKTYaJbHUI TPAHCIIOPT, PO3YMHHUI TpaHCHOPT, iH(popma-
IiifHa TPaHCTIOPTHA CHCTEMA, TPAHCIIOPT 3 PO3ICHUMH YaCTHHAMHU

Introduction

Continued urbanization and the increa-
sing density of population and traffic flows in
cities are creating the discomfort of living and
using transport systems that built on the solu-
tions of past years. At the same time, the deve-
lopment of information technologies and tech-
nology platforms makes it possible to address
emerging social and environmental issues and
to balance different types of traffic flows
(pedestrian, bicycle, new-mobility, motor
vehicles). One of these approaches is called
Smart Urban Mobility (SUM, Smart Urban
Mobility), Pic. 1.
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Within the paradigm SUM the concept
of public transport system, developing from
the point of view of priorities of passengers
and pedestrians interests — PRT (Personal
Rapid Transit) is received recognition. PRT —
transport systems use small unmanned vehic-
les which moving on a dedicated line, which
carry out transportation mainly in the mode of
"origin — destination”, i.e. movement "on
demand" of the passenger from the initial stop
to the final one without intermediate stops.
Also distinguishing features of PRT-transport
are minimization of waiting time and small
volume of the cabin, which provides privacy
of the trip, comparable to the conditions of
private transport. At present, PRT transport
systems are successfully used in the West in
highly connected cluster logistics terminals:
airports, railway stations, university and medi-
cal infrastructures located in different parts of
the metropolis. As a concrete example, the use
of PRT-transport system in Heathrow air-port,
England.
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Formulation of the problem

Traditional private transport is not able
to provide a high transport capacity because
according to information [1] in each car
moves on average 1.2 -1.5 human. Hence, for
avoiding traffic conflicts it is need to unload
oversaturated roadways through the expansion
of public land transport with high performance
comparable to subway.

In the practice of transportation for des-
cribing of the needs urban passengers and for
regular analyze the conditions of passenger
transportation a category is named "passenger
traffic" [2,3] is used, that is characterized by
"intensity” (average number of passengers that
are transported per unit of time). Data about
the intensity of passenger traffic are used for
choice the type of transport with necessary
capacity and determine the number of vehicles
are required for transportation.

The vehicles of different capacity can be
used on each route. The choice and justifica-
tion of the required vehicle capacity for qua-
lity passenger service is a complex managerial
task, especially in the conditions of incomplete
and often not reliable information. The capa-
city of the vehicle is determined according to
the distribution of the intensity of passenger
traffic and the pattern of its unevenness in time
along the route and directions. Often the infor-
mation is probabilistic.

Thus, the current state of passenger traf-
fic has the following disadvantages:

— the absence of objective information in real
time about the intensity of passenger traffic
on the route that prevents the adoption of
optimal decisions and leads to economic
losses;

— the presence of the human factor in making
responsible decisions on the choice of the
quantity and volume of the vehicles that
must be sent to this route and at this time of
day;

— the small nomenclature of vehicles of diffe-
rent capacity to more accurately cover the
changing passenger traffic. Unfortunately,
this drawback in modern technical support
of urban passenger transport vehicles is
impossible to overcome, since the industry
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is not able to manufacture many types of
buses of different capacity.

The proposed article describes a smart
urban transport system designed for mass pas-
senger transportation based on the use of un-
manned electric vehicles and describes the
principles of its operation. This intelligent
transport system carries all the features of pri-
vate, but can also act as an alternative to traditi-
onal public transport that offers a new method
for the implementation of passenger transporta-
tion: cassette-conveyor transportation.

Main achievements analysis

The last decade is characterized by active
development in the field of autonomous and
unmanned vehicles. Many scientific works, stu-
dies, publications and books are dedicated wide
coverage of aspects road unmanned vehicle
automation, including management, social con-
sequences, legal issues and technological inno-
vations from the perspective of many public
and private actors. In those works the current
situation and prospects for the development of
unmanned vehicles, traffic planning, traffic sa-
fety with the participation of unmanned vehic-
les are analyzed. (Meyer & Beiker, Road ve-
hicle automation, 2014) [4], (Choromanski,
Grabarek, Kowara, & Kaminski, "Personal
Rapid Transit—Computer Simulation Results
and General Design Principles”, 2013) [5],
(Chen & Li, Advances in intelligent vehicles,
2014) [6], (Bucsky, "Autonomous vehicles and
freight traffic: towards better efficiency of road,
rail or urban logistics?", 2018) [7], (Wagner,
"Traffic Control and Traffic Management in a
Transportation System with  Autonomous
Vehicles", 2016) [8], (Friedrich, "The Effect of
Autonomous Vehicles on Traffic", 2016) [9].

The urban public transport will include
the possibilities and features of personal trans-
port (Anderson, Contributions to the Develop-
ment of Personal Rapid Transit, 2016) [10].
Personal Rapid Transit (PRT) is a transport
system that meets the following seven criteria
set by The Advanced Transit Association
(ATRA): fully automatic vehicles (without
drivers); vehicles are only on special paths
(guideway), which are intended for the exclu-
sive use of such vehicles; small vehicles are
available for exclusive use by one passenger

41



or a small group that travels together in their
choice - without random travel companions.
Transport services are available 24 hours a
day; small special paths may be above ground,
at ground level or underground; vehicles can
use all special paths and stations in a single
PRT network; direct communication from the
point of departure to the point of destination,
without the need to transfer or stop at interme-
diate stations; transportation services are avai-
lable on demand, not on fixed schedule (Per-
sonal rapid transit. (2019, March 02).
Retrieved April 27, 2019, from
https://en.wikipedia.org/wiki/Personal_rapid_t
ransit) [11], (Baumgartner & Chu, "Personal
Rapid Transit User Interface”, 2013) [12],
Mcdonald, S. S. (2013). Personal Rapid Tran-
sit and Its Development. Transportation Tech-
nologies for Sustainability, 831-850) [13].

Purpose of the study

The purpose of this work is a describing
of functioning smart urban transport system
that is located between personal and public
transport in terms of consumer qualities. The
system is very close to personal automatic
transport, but differs from it by high carrying
capacity as opposed to PRT. The paper descri-
bes a new kind of urban mobility: conveyor-
cassette urban passenger transport. Also in pa-
per algorithms of drawing up of passenger
delivery plan by using of that transport system
is described.

Conveyor & cassette method of urban
passenger traffic

The evolution of information techno-
logy allows to revise the structure and concept
of management of modern urban transport. In
particular, the entire diversity of urban passen-
ger vehicles can be reduced to one transport
unit of nominal capacity that is named "info-
bus". Infobus is an unmanned electric vehicle
with a small capacity (up to thirty passengers).
Depending on the intensity of the passenger
traffic on the route (measured by sensors in
automatic mode) the control computer (coor-
dinating server) sends such a number of info-
buses to the route so that their total volume
was equal to or slightly higher than the pas-
senger traffic. In this case the infobuses are
collected in cassettes (it determines the term
“cassette type of transport”) which can consist
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of various quantity of units of infobuses (one,
two,...) depends on the passenger traffic at the
current time. This approach gives possible
quickly and inexpensively to assemble a ve-
hicle of any capacity that is required on the
route now, since there are no mechanical con-
nections in the cassette. All connections in the
cassette of infobuses is virtual as in the road
trains [14]. The minimum safe distance bet-
ween the infobuses in cassette of infobuses is
controlled electronically.

When the passenger pass through the
turnstile and payees the fare, he indicates the
destination stop to which he should fare. Also
in this way he initializes his appearance in the
transportation system for receiving trans-
porting using infobus train without stop or
with minimum number of stopping points.

Such a transport system is adaptive to
passenger traffic, because it changes oneself
operational and timely and successful adapts
to the current conditions. In this reason, the
system is the most cost-effective and most
satisfactory, because vehicles will not run
half-empty or overly crowded.

The road lane for the information buses
directly adjoins the sidewalk and is separated
from it by a fence and from the main road to
the left by a solid line (Pic. 2).

Pic. 2. Autotrain near the station

In some cases, lightweight fencing may
be used in the form of plastic cones are
mounted on a solid line. The intensity of the
use of road infrastructure, and in particular of
road lanes, by infobuses is high. That means,
the intensity of the use of road infrastructure
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by infobuses is higher than it is in the case of
the classic road lane, since the transportation
of an equal number of passengers by a nar-
rower vehicle requires a greater number of
vehicles, therefore, the road lane for them will
be constantly involved.

Another important point in the defini-
tion of this transport system is such its pro-
perty as conveyor. That means, as in any con-
veyor, the movement of infobuses in such sys-
tem goes along a narrow dedicated lane
without overtaking. In another words any pre-
vious infobus will be always the previous, and
the next one will be the subsequent always and
the sequence numbering of the infobuses re-
mains constant. The movement of infobuses is
carried out from Drive 1 to Drive 2, located at
the end points of the route (Pic. 3).

B —_ o o
\2( | Assembly Point2
3

Assembly Point 1__|

vvvvv

Pic. 3. Driving infobus route

System operation description
System of urban unmanned passenger

vehicle transport consist of [15 - 19]:

— a dedicated narrow section of the roadway
that adjacent to the sidewalk and fenced off
on both sides, both from the carriageway
and the pedestrian part;

— stopping points for boarding and disembar-
king passengers, equipped with turnstiles;

— fleet of unmanned vehicles (infobus), fixed
small capacity (up to 30 passengers), con-
nected with the coordinating server, whose
teams are trained by the vehicle.

The functioning of the system is as
follows:

— the client (passenger) at the stopping point
at the time of payment through the turnstile
indicates the stop to which this passenger
wishes to go;

— information from the terminals goes to the
coordinating server, which forms a special
matrix is named matrix of correspondences
M, Z=1,2,..., and contains information
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about points of departure and destination of
passenger;

— the plan of passenger transportation begins
to form after some time when information
about some number of passengers has be
accumulated in the matrix of correspon-
dences M;, Z=1,2,.... According this infor-
mation infobuses will sent to transport pas-
sengers to the destination stations;

— the intervals of movement between stops
and the time of parking at stops for this sys-
tem are known.

The transportation plan - is a procedure
of assignment number for each infobus that
will be sanded to rout line and sequential sen-
ding of numbered infobuses from Assembly
Points to the route line (Pic. 3) with indicating
the final destination station and, perhaps, seve-
ral intermediate stopping points for each num-
bered infobus individually.

Each arriving infobus on departure sta-
tion has information on own display about
destination points also this information is
shown on monitor of departure station. Pas-
sengers, which have as the final destination
the proposed set of stops, take places in this
infobus. The other passengers wait for their
infobus.

Thus, each infobus, which has gone
from the Assembly Point on the route, has an
individual sequence number and a list of sta-
tions at which it needs to make a stop for un-
loading and loading passengers. The current
matrix of correspondences M, Z=1,2,.... (1)-
is a base for the development of the transpor-
tation plan. When a delivery plan is develo-
ping for the current matrix of correspondences
Mz, Z = 1,2, ..., it IS necessary to ensure
conflict-free traffic on the route.

Each element mjj of the matrix of cor-
respondences M;, Z = 1,2, ... determines the
number of passengers which want travel from
stopitostopj (i, j = 1, ..., k). Here k is the
number of stops of one direction of the route
(Pic. 3). All elements on the main diagonal of
the matrix M, and under the main diagonal
are equal to zero, because that the passenger
cannot get off at the stopping point, where he
has sat down, and cannot drive back
[15,18,19]:
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0 m, m, .o mg m,
0 0 m, m,, m,,
. (1)
M,=|0 0 m, m, m,
0 .. . . . . 0 m,

A delivery plan is composed for the
matrix Mz, Z =1,2, ..., that has each element is
less than the volume of the infobus V :

m <V,i=1k—1 j=1k. 2

The process of functioning of the trans-
port system is cyclical and consists of repeated
procedures:

— accumulation of information in the current
matrix of correspondences M, about the
passengers arriving at the stopping points;

— determination of the moment sufficient fil-
ling the current matrix of correspondences
M,Z=12..

— development of a delivery plan for current
matrix and the implementation of this plan.

It is also assumed, that the delivery plan
remains unchanged until own end regardless
of the fact of arrive new passengers on stop-
ping points during the period of its execution.
Their delivery should also be provided by the
current plan of delivery.

In order to ensure this, the elasticity co-
efficient a<(0.8,1) is introduced. Then condi-
tion (2) of the requirement for the elements of
the current matrix M is written as follows:

m, =a*V,ae[0.5]1),i=Lk-1, j=Lk. (3)

The start of development of the delivery
plan is coming in the moment, when one of
the elements of the M, matrix begins to satisfy
condition (3) and, therefore, all elements of
the M, matrix are less than the infobus capa-
city V. Moreover, must be a supply that allows
transporting passengers, who has come to the
station in the moment of arrive of infobus
there and was not counted when the matrix M,
has formed.
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The delivery plan must be developed for
each row i of the matrix M; in this algorithm,
i.e. for passengers starting their way from stop
I to the next stops.

For the ensuring the conflict-free traffic
of infobuses during delivery passengers from
the stopping i to further stoppings infobuses
will be sent first to the most distant destination
stoppings, then to stoppings that are located
nearer. Each infobus receives its own se-
quence number varying from 1 to n.. Here n,

is the number of infobuses are required for de-
livery all passengers from stopping i to all
another stoppings on route, in another words
to stoppingsi + 1,i + 2,..., k.

In more detail, this can be represented as
follows: during the transporting of passengers
from the first stopping (during processing the
first row of the matrix of correspondences M;)
the first infobus receives number 1. This info-
bus will follow to the last stopping and pos-
sibly to some neighboring stoppings provided
the total number of passengers that have these
stoppings as destination will not exceed the
volume of the V infobus.

Each infobus with a sequence number
ne{L2,...,.n} has its own set of stoppings
are available to it. For further reasoning, this
set of stoppings will be called as a potential set
of stoppings and indicated as N This set in-

cludes all the stopping points that are located
behind the starting point of departure with the
exception of those stoppings, to which the
previous infobuses, carrying from the same
stopping, have already delivered passengers.
However, the infobus will deliver passengers
not to all points of the potential set of stop-
pings, but only to some of them. These deli-
very points form the set will named for further
discussions as real set of stoppings of the info-
bus, and will be denoted as J, . It should be

noted to, the real set of infobus stoppings is a
subset of potential set of infobus stoppings
Jy ©Jie-

For example, if infobus 1 goes from the

first stopping only to the last two stoppings: k
and k-1 (Pic. 3), then the potential set of stop-
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pings J,, of the infobus 1 will consist of all

points of the route, starting from the second
stopping, i.e. J,={23,..k}, and the real set
of stoppings J, of the infobus 1 is limited to
two points J, ={k-1k},J, = J,,. If the infobus
2 following infobus 1 will came from the first
stopping to the stoppings k-2, k-3 and k-4, then
the potential set of its stoppings is defined as
Jop ={2,3,...k}\J; ={2,3,...,k—2}and the real
set of infobus 2 will consist of
J,={k—4,k-3k-2},J, c J,p.

Thus, the potential set of stoppings of
any infobus that make delivery from a stop-
ping i is the difference of the set of all stop-
pings on the route, starting from stopping i+1,
and of the set that is aggregate of stops to
which the previous infobuses made a delivery.

The real set of stoppings of infobus 1 is
determined from the conditions:

K
m; <V
{mlk +m, , <V - j;—l ! . (4)
my + My, +my , >V Zk: m, >V
k-2

That is, the number of passengers tra-
veling from stop 1 to the two last stoppings is
less than or equal to the infobus capacity V,
but the number of passengers traveling to the
three last stops is greater than infobus
capacity V.

According mathematical definition [20]:
"The supremum (abbreviated sup; plural sup-
rema) of a subset S of a partially ordered set T
is the least element in T that is greater than or
equal to all elements of S, if such an element
exists." The supremum of the number set S is
denoted as sup S. For further considerations,
the stopping with the greatest sequence num-
ber from the potential set of infobus stoppings
n, € N will be denoted as supJ,, . The compo-

sition of the real set of infobus stoppings de-
pends on its capacity and the number of pas-
sengers, but the stop with sequence number
supJ,, Will always be in the real set of info-
bus n, stoppings: supJ,, €J, .

To determine the real set of stoppings
J, of infobusn, e N, the algorithm uses a
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value A, , that represents the number of stop-
pings are included in the real set stoppings of
infobusn, e N, without the stopping supJ,,,
ie. A, 43, -1 . So, for infobus 1 from the
example A, =/2|-1=1, and for infobus 2
A, =3|-1=2.

For infobus 1, the conditions for deter-
mine a potential set of infobus stoppings J,,,
also value A, , and the real set of infobus stop-
pings J, can be defined as:

3 ={2.3,..k}
sup Jip sup Jip
> my<V, > om>V. (g)
j=supJip -4y j=supJip-4;-1

Iy Z{j|SUp‘]1P —A <] SSUPJW}
Jp ={2.3,...k}

K
=ZK:7 m; SV,. KZ: m; >V. (6)

That is means, the real set of infobus 1
stoppings is all stoppings, starting from the
last point of the route (stopping k), and in
the direction of decreasing stoppings se-
quence numbers until the total quantity of
passengers, that travel to these stops, is less
than or equal to the infobus capacity. From
conditions (5), (6), it follows that
Jy={k-1k}.

The real set of stoppings J, for info-

bus 2 can be defined similarly. Infobus 2 can
proceed to all other stoppings of the route
that are not included in the real set of info-
bus 1 stoppings. Consequently, there are a
potential set of infobus 2 stoppings is
Jop ={2,3,..,k}\J; ={2,3,...k—2}. Hence,

supJ,, =k—2. At the same time the require

condition for formation of the real set of de-
stination points for infobus 2 is: the number
of passengers that travel using infobus 2
cannot exceed the capacity of the infobus 2.
This requirement is described by the fol-
lowing system:
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< sup Jip K
My o + My g + My, SV — > my= m,=9+11-20<25
My, + My, +my , +m, o >V J=s0P d1p ~ J= -
supJip k
m,, = m, =7+9+11=27>25
j=supJip—Ap-1 j=k-1-1

kf m,; <V
j=k—-4
= .
> m; >V
j=k—5

For infobus 2, the conditions for deter-
mine a potential set of infobus stoppings J,;,,
also value A, , and the real set of infobus stop-
pings J, can be defined as:

Jop ={2,3,.,k}\J,

supJop supJop
my <V, > mg,
j=supJap—Ap-1

>V, (7)

j=supJap—A;

Jz :{j|5Uszp_A1 <] SSUszp}

3o ={2,3, KIK —LK}={2,... k=23

J,={jk-4<j<k-2}

From condition (7), (8) it follows that
J={k-4,k-3k-2}.

The essence of the formation sets of
stoppings for infobuses 1 and 2 is shown in
the following example.

It suppose, the capacity of the infobus
is V = 25. There is a matrix M; at a certain

J, ={k-1k},A, =1.

For the infobus 2 the potential set of stopping
will be J,,={23..k}\J ={23,.. k-2}and
sup J,, = k—2. According to conditions (7),
(8):

supJpp k-2

Y my= Y m;=8+9+7=24<25
j=supdyp -4y j=(k-2)-2
supJop k-2
Y my= Yy m;=5+9+8+7=29>25
j=supJpp-Ay-1 j=(k-2)-2-1

J,={k-4,k-3k-2}

A, =3

In general case, for any infobus n,, the

k-2 k-2 potential set of stoppings J, ,, the value A,
< . . .
j:(kz_;)_zm“ =V, j:(kz_;)_g M >V () and the real set of stoppings J, are determined

from the following conditions:

Jpe ={i+L. kNI, 1030 =2,

neN,A, =Ngi=Lk-1j=1k

Sup o sup Iy p (9)
X

m; <V, > m; >V,
J=supJyp —Ap j=supJyp —An -1

‘]ﬁi ={J

jeNgsupd,, —A, <j SSUpJnip}.

Thus, according to system (9) a lot of

moment, whose elements real sets of infobuses stoppings UJ,, ,n, e N for
My My Myss My, My, My, have . .

following values 5,9,8,7,9,11: the row |_of the correspondence matrix M;, Z

=1, 2,... is formed.

0 mp oo . 59 879 1 This a lot of stopping sets is a delivery

0 0 o M plan for the row i of the correspondence mat-

0 0 0 v rix M.. Indeed, the index n,neN of the real

M. = g g """""""" Mhe set of stoppings J, indicates the sequence

o o . m . number of the infobus, and the contents of the

o o .. 0o o set J, indicates the numbers of the stoppings

For the infobus 1, that transports pas-
sengers from the first stoppings, the potential
set of stoppings is J,, ={2...k}. Therefore

sup J,, = k. According to conditions (5), (6):
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at which this infobus will make delivery. A lot
of ﬁlu J, . e N corresponds to the delivery

plan for the entire current matrix of correspon-
dence M, Z = 1,2, .... The order of passenger
delivery from the stopping i is performed by
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increasing the sequential numbers of infobuses
that are sanded on the route.

Also, the proposed smart transport sys-
tem is able to determine stopping points from
real set of stops delivery J, of infobus n,,

where vehicle can after disembarking also
pick up additional passengers who are going
to go to his next stops of the set delivery J, .

In another words, all passengers (who going to
the next stopping points of real stop set J, )

are taken in the vehicle from the disembarking
stop of set J, , if their total number does not

exceed the current amount of available seats in
the infobus. As an example, let’s consider the
fourth line of some correspondence matrix
10x10:

(000024637 15)

Let at this stop after disembarking of
passengers the amount of available seats in
some infobus with the number n, i <4 is

equal to 11, and real set of delivery stations is
J,, = {4,5,6,7,8,9}. In this case passengers are

travelling from the fourth stop to the stops
{5,6,8} can enter the infobus: 2 + 4 + 3<11, or
to {6,7} : 4+6<11, or {6,9}: 4+7=11 and so
on. In another words, the set of such stops is
variable and determines the number of info-
buses that are involved in the transportation
plan and the volume of used passenger capa-
city of the vehicle’s cabin.

With the help of the developed software,
that draws up delivery plan, the simulation of
the model’s work was carried out using three
algorithms of forming such sets stopping
points: sequential selection of stops, greedy
algorithm and dynamic method of the task of
filling the knapsack, using such indicators as
the number of infobuses involved and coef-
ficient of use passenger capacity of vehicle
Kpe, Which is determined by the formula :

Z(l_vfpi)
i=1
AV . (10)

Where V- infobus passenger capacity,
Nspan- the total number of all spans (intervals
between neighboring stops) on which the info-
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buses of delivery plan carried passengers, Vi -
is the amount of free places in the infobus on
the span.

On the basis of 1000 tests data, that re-
present the dependence of the average number
of infobuses involved and the average value of
the coefficient of use of passenger capacity
Kpc as a function of the value of the elasticity
coefficient a on the above three algorithms,
are shown in Pic. 4 and Pic. 5.
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Pic. 4. Dependence of the average infobuses
number on the elasticity coefficient a
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These tests have demonstrated the grea-
test effectiveness of the greedy method of
selecting additional boarding stops over the
entire determination area.

Conclusions

A new type of urban public transport is
proposed in this article. This type of transport
is capable to function in a saturation street and
road traffic without interference from other
vehicles also to deliver a large number of pas-
sengers that is comparable to the metro power.
The transport system is closed. That means the
system functions independently from human
participation. The information processes
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(information gathering, information proces-
sing, making decision) follow continuously in
such system and form its basis. The single
vehicle unit in this system is an unmanned
electric car is named infobus.
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PE3IOME

O.B. lIBenoBa, B.M. lllyTs

InTeIeKTya/IbHA MichbKa TPaHCHOPT-
HA CHCTeMA, KA 0a3yeTbes Ha po00TH30Ba-
HUX aBTOMOOLIAX

VY 3anpornoHoBaHiii poOOTI MPOHOHY-
€THCSI OMUC IHTENIEKTYaJIbHOI 1H(OPMAIIHHO-
TPAHCIIOPTHOI CUCTEMH, MTOKJIMKAHOI pO3BaHTa-
KUTH TIEPEHACHYEHY IOpPOKHBO-TPAHCIIOPTHY
00CTaHOBKY B MiCTaX.

OO0'ekTOM IOCHIKEHHS € O€3IUIOTHI
MIChKI TaCa)KUPChKi TPAHCIOPTHI CHUCTEMH,
KEpOBaHI 3 €JIMHOTO IIEHTPY 3a JOTIOMOTOO
iH(]opMmariifHOi cucTemu.

MerToro 3a3Ha4eHOi pOOOTH € OMHC MaTe-
MaTHYHOI MOJeNi MOOYIOBU IUIAHYy TepeBe-
3€HHS TACAKHPIB 32 JOTIOMOTOK) IHTENIEKTY-
aJbHOI 1H(pOPMAIITHO-TPAHCTIOPTHOI CUCTEMH.
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VY mporieci BUKOHaHHSI aJITOPUTMY CKJ1a-
JTaHHS TUIaHy MepeBEe3CHHsI MacaXXHupiB 3iiic-
HIOETBCS TIOOYI0Ba CIEIialIbHOI MaTPHIll KO-
pecroHAeHII Ta 00podka 11 3 METOI CKJIa-
JAHHS TUTaHY TI€PEBE3CHHsI MAaCaKupiB Ha
MiCBKMX Ha3€MHUX MapUIPYTHUX JIHISAX.

Pe3ynbTaToM BUKOHAHHS QITOPUTMY €
CKJIAJIaHHS TJIAHY PO3BE3CHHSI Y BUTIISIL O€3-
T4l 3yMHUHOK JOCTaBKU JUIl KOKHOTO TpaHC-
HOpTHOTO 3aco0y, AKUil Oepe yJacTs y peai-
3amii 1aHoro IuiaHy posBe3eHHs. CyKyIHICTb
TaKUX TUIAHIB [T OKPEMHX TPAHCIIOPTHUX 3a-
cO0IB YTBOPIOE TUJIAaH PO3BE3EHHS IMACAKUPIB
JUTSL BCi€T MATPUII KOPECTIOH ICHITIH.

Takox y poOOTi JaHa OI[iHKa BEPXHBOI
Ta HIDKHBOI MEXK HEO0OXiTHOI KITbKOCTI Oe3Iti-
JIOTHUX TPAHCIIOPTHUX 3aCO0iB.

VY Xoxi TecTyBaHHS, Pe3yJIbTaTH SIKOTO
HaBE/ICHO B poOOTi, TIOKA3aHO BiIIMOBIIHICTh
3aMPOTHO30BAaHUM OITIHKAM.

Pe3ynbraTom 3anporoHoBaHoi poboTH €
OITUC AITOPUTMY 3/IHCHEHHS MICHKMX Iaca-
JKHPCHKHUX TEepeBe3eHb 3a JOMNOMOIOI0 i1HTe-
JEKTyallbHOI  iH(OpMAIiHHO-TPaHCIIOPTHOT
CHCTEMH, 3aCHOBAHOI Ha BUKOPUCTaHHI Po0o-
TU30BAaHUX OE3MUIOTHUX TPAHCIIOPTHHUX 3aCO-
01B MaJjI0i MICTKOCTI, sIKi Ha3uBaroThes IHDO-
BYC, sxi KepyroThCsl 3 €AMHOTO KOOPAMHYIO-
yoro iHdopmariiiHoro nentpy. Cucrema 3aar-
Ha 3alpoNOHYBaTH IMPOBI3HY CIIPOMOXKHICTb,
Ky MOXXKHa TIOPIBHATH 3 METPO, a TaKOX
3MEHIIUTH BapTICTh MpPOi3Ay W TPUBAIICTDH
qacy, [0 BUTPAYa€ThCcs Ha TPOT3I.

Haoiuuna oo pedaxyii 07.08.2019
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