THEORETICAL FOUNDATIONS OF ENGINEERING. TASKS AND PROBLEMS

10.1.8. BucHoBkwu.

1. B monorpadii po3po0iieHO MaTEMaTUYHY MOJIENIb PYXY EKIMaxy TeIIoBO3a
2T2116, mo BiApI3HAETHCA BiI BiIOMHUX BIOCKOHAJEHHUM OIHCOM TIpeOEHEBOI
GbpUKIIHHOT B3a€MO/I11 KOJIIC 13 peiikaMu.

2.  Ha ocHOBI NpUHLHUITY CYNEPIIO3HULIii 3aITPOIIOHOBAHO METO] KIHEMAaTHYHHUX
KOMITOHEHTIB MTPOKOB3YBaHHS Y KOHTAKTi rPeOCHs 3 peUKOI0.

3. Ha ocHoBi aHanizy reoMeTpUYHUX XapaKTEPUCTUK MTPOdIIiB KOIIC 1 peHoK
BHU3HAYEHO OCHOBHI MapaMeTpH rpe0eHEeBOT0 KOHTAKTYBAHHSA, A0 SKUX BIAHOCATHCS:

- KOOPIMHATH [IEHTPIB KOHTAKTHUX TLISIM;

- paaiycu npoduTio Kojieca B TOUKaX KOHTAKTIB;

- YXWIK NpOoQiII0 Kojeca B TOUKaX KOHTAKTIB;

- BEpTUKAJIbHI HABAaHTAKEHHS B TOUKaX KOHTAKTIB.

4.  BIockoHaNeHO MOJeib NEPEepo3NOJLTYy KOHTAKTHUX HABAHTAXKEHb MIX
KOHTaKTaMHM I'peOCHS KoJieca 13 €JIeMEHTaMH CTPLJIOYHOTO IEPEBOJIY: PAMHOIO PEHKOIO
1 TOCTPSIKOM.

5.  BaockoHalleHO MOAENb CTPIIOYHOTO MEPEBOAY Ha OCHOBI ypaxyBaHHS
BIIXWJICHb TAapaMeTpiB CTPUIOYHOTO TEPEBOMY BiJ HOMIHAIBHHUX 1 JMHAMIYHHX
MPOIIECIB «YIIUTbHEHHS CTPIIKH.

6.  Po3pobieHo rpadoaHamiTUHYHUN METOM MOJETIOBAHHS (OPMOYTBOPEHHS
3HOIIEHUX MPOQUIIB KOJIC 1 peiiok. MeTo 3acHOBaHUN Ha MPUITYIICHHI, 10 3HOC
B3a€EMO/JIIIOUMX KOJIC 1 PEHOK MPOMOPLINHUN CTYNEHIO B3a€EMHOIO MPOHUKHEHHS
KOHTYPIB JIOCTIKYBaHUX TIPO(D1TIB 1 KOediIi€HTY BIJHOCHOTO 3HOCY Kojeca 1 perKH.

1. Po3po6ieno Meroa AMHAMIYHOTO MOJIETFOBAHHS BITHOCHOT IHTEHCUBHOCTI
niapi3y rpeOeHiB, 3aCHOBAHUN HA €HEPreTUYHOMY MTPUHIUII OLIIHKA MacOBOT'O 3HOCY.
Meron m[03BoJisiE OTpUMATH CHIBBIIHONIEHHS MPOKATy 1 TMIAPI3y B TMpoiieci

dbopmoyTBOpeHHS MPOPiTI0 HA JETEPMIHOBAHUX JTUHAMIYHUX MOJICIIAX PYXY eKilmaxa.
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10.2 The influence of the configuration of transport work on the time parameters
of transport services

The main purpose of experimental research is to test in practice the effectiveness
of the proposed theoretical provisions and principles of management decisions to
improve the quality of public transport services (QPTS) [397-400], to establish an
empirical relationship between configuration management parameters and QPTS
evaluation indicators. The purpose of the simulation experiment is to establish
characteristic information about the influence of configuration parameters of the
transport offer on the indicators of QPTS basic types of routes [401-403]. Simulation
modeling is a process of construction and testing of the algorithm for modeling the
functioning of the route, simulating the behavior and interaction of the subjects of the
system, taking into account the nature of stochastic processes of passenger flow in
stopping points, the range of deviations (fluctuations) passenger movements on
adjacent routes [404-408]. The simulation model reproduces the stochastic process of

changing discrete states of QPTS at different combinatorial variants of the number of

vehicles on the route (b ) and their capacity ( gy ), which in combination with technical
and operational indicators (turnaround time (t;), stop time (z.) the arrival of the
vehicle ( j,)) forms an internal combination of the transport capability of the route.

When software implementation of the model on a computer is the accumulation of
statistical data on the indicators of QPTS, which is the subject of further analysis. The
data obtained during the simulation are the basis for statistical processing and
establishing patterns of change parametric areas of influence QPTS.

Analysis of the operating conditions of urban public passenger transport routes
(PPT) showed that the main controlling influence of configuration management is the
choice of capacity and number of rolling stock. This procedure must also take into
account the time parameters of the formation of the transport offer at each stopping
point, which is achieved by taking into account the deviation (fluctuation) of the arrival

of vehicles. Three types of buses were used for the analysis: especially small class Ruta
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A048.4 (g, = 21 pas.), small class BAZ A079 (g, = 38 pas.), large small class MAZ

206 (gp, = 72 pas.). The number of rolling stock on each route varies from 5 un/ up to

15 un. To determine the operating costs, the actual reporting data of motor transport
enterprises on variable and fixed operating costs of these brands of buses were used.
On the basis of field observations, the average values of the fluctuation of the arrival
of vehicles to the stopping points were determined. During the simulation, two variants
of values of the range of arrival fluctuation were considered: the first - the actual value,
the second - the fluctuation is determined by the conditions of permissible deviation,
which for urban routes is 2 minutes. The simulation takes into account that the actual
fluctuation implies the possibility of arrival of the vehicle at any time in the fluctuation
range. When establishing the distribution of passenger flows between the routes, it was
assumed that all adjacent routes have a fixed time of arrival of vehicles to the stopping
points. The moment of arrival of buses of the studied route is determined ramdomno
taking into account the interval of movement and the range of fluctuations. When
conducting simulation experiments, the established laws of distribution of random
variables and their indicators were used. The results of passenger questionnaires for
each stopping point of the route were used as parameters to establish the degree of
compliance of QPTS.

The results of the simulation experiment allow to analyze the influence of the
configuration of the provided transport offer in different conditions of traffic
organization (according to the schedule and with fluctuation) on the main operational
indicators of QPTS. This analysis is performed in an analytical form based on pre-
established statistical models and aims to identify the main characteristic types and
trends of causation. To implement the procedure for analyzing the results of
experimental research, it is advisable to use visual and graphical representation. This
form provides for their visualization in the form of a set of typical graphs on which the
system of basic coordinates reproduces the characteristic patterns of change in the
parameters of the evaluation of QPTS. The number of rolling stock is the basic value

that determines the transport supply. In fig. 1-3 shows the graphs of changes in QPTS
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indicators for the route Ne250e (Kharkiv) for buses Ruta A048.4 ( g;= 21 pas.),

BAZ A079 (g = 38 pas.) and MAZ 206 (g;, = 72 pas.) for fluctuation of 7 minutes.
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a — average waiting time; b — distribution of waiting time change limits

Figure 1. Influence of the number of rolling stock on the average waiting time (route

Ne250e, Ruta A048.4 (gf = 21 pas.), fluctuation range 7 min.)
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a — average waiting time; b — distribution of waiting time change limits

Figure 2. Influence of the number of rolling stock on the average waiting time (route

Ne250e, BAZ A079 (g, = 38 pas.), fluctuation range 7 min.)
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a — average waiting time; b — distribution of waiting time change limits

Figure 3. Influence of the number of rolling stock on the average waiting time (route

Ne250e, MAZ 206 (g}, = 72 pas.), fluctuation range 7 min.)

The presented dependences reflect the change in the indicators of QPTS in the
presence of fluctuations in the movement of buses along the route. Traffic fluctuation
Is the deviation of the arrival time from the planned traffic interval on the route. It is
assumed that the arrival can occur randomly at any time from the range of fluctuations,
and the time of deviation is not described by any law of distribution of random
variables. There are a number of objective and subjective factors that cause motion
fluctuations. Objective factors include the complexity of the conditions for the
implementation of technological operations, which is manifested in the occurrence of
additional traffic delays in the objects of passenger transport infrastructure and
elements of the road network. Subjective factors of traffic fluctuations are situations in
which there is a downtime at stopping points associated with additional expectations
of passengers or other non-productive functions. In the case of creating conditions for
stabilizing the time of bus traffic through the allocation of separate lanes for PPT on
routes, it is possible to completely eliminate the fluctuations of arrival at bus stops. In
fig. 4 - 5 shows graphs of changes in QPTS indicators for the route No250e «Art. South

Station - st. Berkosa» for without fluctuations.
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a — average waiting time; b — distribution of waiting time change limits
Figure 4. Influence of the number of rolling stock on the average waiting time
(route Ne250e, Ruta A048.4 ( gy, = 21 pas.), without fluctuations)
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a — average waiting time; b — distribution of waiting time change limits
Figure 5. Influence of the number of rolling stock on the average waiting time (route

Ne250e, BAZ A079 (g, = 38 pas.), without fluctuations)
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a — average waiting time; b — distribution of waiting time change limits
Figure 6. Influence of the number of rolling stock on the average waiting time (route

Ne250e, MAZ 206 (g = 72 pas.), without fluctuations)
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Analyzing the presented dependences of change of indicators of QPTS for a
route Ne250e under conditions of use of buses of Route A048.4 it is possible to establish
the following:

— the presence of traffic fluctuations on the route leads to an increase in the
scattering (noise) of the values of QPTS, which is due to the instability of the intervals
of arrival of buses to bus stops and fluctuations in the actual passenger flow;

— in accordance with the requirements for the maximum waiting time for

bus passengers on the route (for the degree A, of 15 min.) it is necessary that the route

operates at least 8 buses for conditions with fluctuations of arrival and at least 7 for
conditions without fluctuations of arrival,

— ensuring the permissible level of filling the cabin on the route requires at
least 12 buses of rolling stock Ruta A048.4;

— regularity of communication at a satisfactory level is provided by 7 buses
in the presence of fluctuations of arrival and 6 buses without it;

— travel time ranges from 12 minutes to 19 minutes, the minimum value at
the upper limit of change is 14 minutes in the absence of traffic fluctuations;

- limits of change of QPTS indicators are described by polynomials of the
second and third degree and have high levels of adequacy;

- elimination of traffic fluctuations makes it possible to improve the values
of QPTS indicators and ensure their compliance with the requirements of passengers
with the use of fewer rolling stock.

Analyzing the presented dependences it is possible to draw a conclusion about
the positive nature of the impact of increasing the capacity of rolling stock. So the
waiting time is less than 15 min. it is possible to provide using on the route 5 buses
BAZ AQ79, which is smaller in comparison with buses BAZ A079. It is also possible
to improve the regularity of the connection and the level of filling the cabin through
the use of larger buses. This is due to the fact that increasing the capacity of the bus
leads to an increase in the level of transport supply, which eliminates the expectations

associated with the lack of free seats in buses. The volume of transportation on the
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route increases with the increase in the level of transport supply and the improvement
of QPTS. However, there is a clear trend, indicating that there is a limit to the feasibility
of increasing supply. So for the route No250e when using Ruta A048.4 buses in the
amount of more than 11 un. there is a significant decrease in the level of increase in the
volume of traffic, for the bus BAZ A079 this limit is at point 7 un., and for the bus
MAZ 206 - 6 un. This is explained by the conditions of formation of the marginal
technological utility of PPT management, which is determined by the derivative of the
total accumulated utility. In essence, this means that further increase in transport supply
Is ineffective in terms of impact on QPTS indicators and the need to use other methods
of managing the work of PPT, including through the implementation of measures to
improve traffic conditions on the road network.

The procedure for assessing QPTS involves establishing the degree of
compliance with the requirements of passengers to the values of indicators. At the first
stage, on the basis of the methods of distribution of passengers by consumer groups
proposed in the third section, the number of observation layers is established and the
required sample size is calculated. In the future, the monitoring of passengers'
requirements for service parameters is carried out, followed by the recognition of
YATON levels. The selected criterion requirements for the distribution of QPTS
compliance degrees are a scale of parametric evaluation. In table 1 for the route No250e
«art. South Station - st. Berkosa» presents the values of indicators of transition of QPTS

degrees.

Table 1 - Degrees of compliance QPTS (route Ne250¢)

QPTS indicator Degrees of compliance QPTS
Ay Ay Ay Y A
Average waiting time, | over15 | 12-15 8-12 5-8 under 5
min

The maximum level of | over 1,3 | 1,1-1,3 0,9-1,1 0,7-0,9 | under 0,7

filling of buses
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Itis possible to determine the conditions of transition of the degree of conformity
of QPTS according to the specified indicators on the basis of the analysis of the
obtained simulation results. For this purpose, the rules of discrete selection of
management decisions are used, which provide for the establishment of integer values
of the number of rolling stock as an element of influence on the parameters of QPTS.
To establish the number of rolling stock required to ensure the degree of compliance,
a minimax model is used in which the number of rolling stock is selected at the lowest
rate, provided that its value takes the maximum level from the scattering range. The
conditions of the provided configuration transport offer, ensuring the achievement of

different degrees of compliance are presented in table 2.

Table 2 - QPTS compliance conditions (route Ne250¢)

Traffic Bus model Degrees of compliance QPTS
conditions Ay A A, A, A,
Fluctuation | Ruta A048.4 ( 7 9 11 13 14

range 7 min. g =21 mac.)
BAZ A079 (g, 3 4 5 7 8
=38 nac.)
MAZ 206 ( gy, 3 4 5 6 7
=72 nac.)
Without Ruta A048.4 ( 7 9 10 12 13
fluctuations gp =21 mac.)
BAZ A079 (g, 3 4 5 6 7
=38 mac.)
MAZ 206 (gj, 3 4 5 6 7
=72 mac.)

Analyzing the data level of table 2 and estimating the amount of costs for the
operation of the route, it is possible to establish a rational option of providing transport
services in which the degree of QPTS will be observed at the level of good ( A, ) and
there will be minimal costs. For the route No250e¢ in the presence of fluctuations such

is the configuration variant of BAZ A079 ( gy = 38 pass.) in the amount of 13 buses,
and for conditions without fluctuation BAZ A079 (g = 38 pass.) in the amount of 12

buses.
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