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HCCNEAOBAHKE BNHAHHKA PASMEPA CYAHA K OANBHOCTH
MOPCKOi NEPEBO3KH HA BO3MOMHOE YMEHBIUEHHE
3PPEKTHBHOCTH PEACA

ChopmyipoBaHo BbIpaskeHHe OTKJIOHEHNUsT TToKasaTesst adek-
TUBHOCTHU BBITIOJTHEHUST CY/THOM peiica (TaiiM-4apTepHOro 9KBUBa-
JIeHTa) Kak (DyHKIIMN OT XapaKTepPUCTHK Cy/HA (TPY30H0bEMHOCTH )
u peiica (manpHocTH TepeBo3kn). CraeqaHbl BBIBOABI O BJIMSHUN
pasMmepa Cy/iHa U JJaJTbHOCTH IePeBO3KM HA BO3MOJKHBIE OTKJIOHE-
Hust addexktnBHoCcTH peiica. [losydeHHbie pe3yibTaThl MO3BOJSIOT
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MODELING OF PASSENGER TRANSPORT

CORRESPONDENCE BETWEEN REGIONAL
CENTERS IN UKRAINE

Jocnidaceno npoyec nadanms nociyz 3 nepese3enis NacarsxCcupie Ha MiNcoOLACHUX MAPUPYMAX 3a-
247161020 KOPUCTMYBANHS. 34 OMPUMAHUMU OAHUMU DAKMUYHUX KOPecnoHOenyil 6yio nposedenozo
Q0CHIONCEHHST MONCIUBOCTIE 3ACTNOCYBANHS BIOOMUX MemOodi6 w000 POIPAXYHKY NACANCUPCOKUX MPAH-
cnopmuux Kopecnonodenyiil. Bunaiioeno napamempu ckiadosux, npu akux 3acmocy8anisi Po3ziaHymux
Memooie € MONCTUBUM 8 PAMKAX OOCAIONCEHOT CUCTEeMI.

Kmwouosi cnoBa: mpaicnopmua cucmema, zpasimayiting mooeiv, NAcANCUPCoKi Mpancnopmui Kopec-

nonoenyii, MidcMiCoKi nepee3eHs.

1. Introduction

Modern transport systems need to make informed de-
cisions about their development, change and adaptation
to the operational environment of these systems. Opera-
tional environment of the transport system is man-made,
artificially created to meet the needs of humanity with
the carriage of passengers or goods. To achieve the state
in which transport system has the ability to satisfy the
needs of transportation, we must carefully decide on the
change of the elements of transport system.

All elements of the transport systems are required to
be revised and adapted to modern conditions. It should be
noted that the transport systems have the elements, which
production is costly time, financial and human resources.
Place of passenger transport systems in the development
of society can’t be overemphasized. Therefore, the deci-
sions to reform elements of the transport system have
taken relying on calculations made in terms of modernity.

Passenger is the basis for all calculations in orga-
nization of passenger transportation. It is well-known

that schedule, the number and type of vehicles, vehicle
traffic scheme are depend on the volume and characteris-
tics of passenger transportation. Traffic volumes cause
cash flow of the company. The importance of estab-
lishing traffic volumes for passenger transport system is
significant.

2. The ohject of research
and its technological audit

The object of research is the modern intercity passenger
transport system in Ukraine. Intercity passenger transport
correspondence, which is formed in the current system,
is considered in this research.

One of the problem areas is to study actual sustainable
intercity correspondence, which is in obtaining still not
defined corrective coefficients for calculation of potential
intercity correspondence. The knowledge provides an op-
portunity in the use of this method of correspondence
calculations between cities towards the passenger trans-
portation market in Ukraine.
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3. The aim and ohjectives of research

The aim of research is modeling of transport intercity
passenger correspondence by formalizing adequate gravity
function. Determination of features of gravity function will
lead to the possibility of intercity passenger correspondence
calculation within the studied system.

To achieve this aim the following problems are solved:

1. Experimental determination of passenger transport
correspondence between cities with different number of
inhabitants.

2. Comparison of the theoretical and experimental data.

4. Research of existing solutions of the
prohlem

The issue of intercity transport correspondence calcula-
tion is in that the patterns of passenger transport system
parameters are still not studied at a sufficient level.

The authors of [1] propose dependence (1) to calcu-
late intercity passenger correspondence. To establish an
intercity correspondence in [1] the use of classical gravity
model is proposed:

=d;H;N,, (1)

where Hj; — potential correspondence between cities i and j,
respectively; Hy — the number of departures from city i
N, — the number of arrivals to city j; dj — gravity func-
tion from city i to city j.

The disadvantage of this method is taking into account
only the distance between cities i and j as a resistance
factor of correspondence.

The researchers [2] propose a different method of cal-
culating the potential departures between cities i and j:

H, dal (2)
ij L%, ’

where L;j — the distance between cities i and j; P; and
P; — the number of inhabitants of cities i and j, respectively.
In this case, the authors don’t take into account the
peculiarities of departure and arrival points.
The authors of [3] propose a different method of Hj
calculation — potential intercity correspondence that is
in the equation (3).

H;=S;d;, 3)

where S; — potential departure from city i to city j.
The authors of [3] are not considered components of
gravity function.
Other researchers [4] propose to use dependence (4) to
calculate potential correspondence between cities i and j.

a’iNajf(dij)
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where dj; — complex gravity function from point i to
point j; A. — calibration coefficient.

In this case, the authors propose to consider the cor-
respondence resistance factor as a complex function. Defi-
nition or components of this function aren’t offered.

The authors [5] consider the issues of intercity cor-
respondence distribution for working and entertainment
streams and double-limited gravity model is proposed. It
makes accounting of working and entertaining correspon-
dence. In this case, the next dependence is proposed to
calculate an intercity correspondence:

riNa'f(di')XiYi
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At the same time, the authors of [6] propose the
introduction of dependences (6), (7) for calculating X;
and Y;, which are as follows:

1
AT )
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Taking into account the proposed authors’ approach,
the problems of the difference between the gravity func-
tion from the point i to the point j and complex gravity
function from the point i to the point j isn't revealed.
Like their predecessors, dependence has the components,
definition of which requires the use of empirical methods.
In addition, the number of defining factors is more in
proposed method. This leads to uncertainty.

The authors of [7] in the works propose survey of
existing intercity correspondence to calculate calibration
coefficients that were introduced in the dependence.

Research is not focused only on the issue of establishing
methods for calculation of potential intercity correspon-
dence. Thus, the authors [5] propose method of calculation
and distribution of correspondence among the proposed
means of transportation — railway and bus. According to
the authors [5], to establish the distribution of potential
intercity passenger correspondence it is appropriate to use
the following dependence:

e Uk

1)16 = ’
S
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where Pj, — the proportion of tours in the mode k; Uy, — utility
of the mode k; Z — efficiency index of all modes; e — 2,718281.

Also in [7] the means of definition of U, and Z are
proposed. According to their assumptions, calculation of
utility of the mode % (U;) and efficiency index of all
modes (Z) can be calculated by the following equations:

(®)

U,=a,+at+a,c+..., )
where a — empirical constants; ¢, ¢ — factors of corre-
spondence resistance (time, cost, etc.).

@,LnY e*
Z=—t (10)
(pﬂ +l'l'ﬂ
where Z, — utility of the one level lower mode; @,, W, —
constants for flows of appropriate level.

The authors of [8] provide inspections of existing
intercity passenger correspondence to define the actual
empirical constants, resistance factors, balancing coefficients
and other calibration constants.
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It may be noted that the authors of [9, 10] also pro-

pose inspections of available passenger correspondence to

establish the actual values in proposed equations.

5. Methods of research

To establish actual intercity pas-
senger traffic in Ukraine we choose
another way that consists in obtain- :
ing of relevant quantitative indicators E40
from accounting materials of passenger
services. These documents and mate-
rials include information of railway e

MUKACHEVE

i : ; EB
ticket sails system of JSC «Ukrzaliz- EEh

nytsia» (Ukraine) [11]. Road transport
in the system of intercity passenger
transportation provides a passenger
service at the stations.

Fig. 1 shows a proposed model of
transport network of Ukraine on the
basis of interregional routes. Regional
centers are adopted as the transport
hubs in the proposed model, and the
curves are the roads, which provided
intercity correspondence.

The proposed model (Fig. 1) allows to obtain quanti-
tative distances between regional centers and the number
of regional centers. This makes it possible to calculate
a matrix of the shortest distances.

Dependence (1) is chosen as dependence for calcu-
lating intercity passenger correspondence from point i
to point j. In this case, it is proposed to calculate an
intercity correspondence gravity function by the following
dependence:

a

v Li} !

d (11

where a — empirical constant; L; — the distance between
cities i and j; x — calibration coefficient.

Taking into account the dependence (5), equation (1)
has the following form:

a
Hij = f HdiNaj

! (12)
where L — the distance between cities i and j; x — calib-
ration coefficient.

For calculation of potential intercity correspondence in
accordance with (1), the next values of empirical constants

are selected — a: 1; 5, 35, 65, 95, 125 and 155. The value
of the calibration coefficient x in the calculations: —0,8;
1; 1,2; 1,4; 1,6; 1,8; 1,9 and 2,5.
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Fig. 1. Model of transport network of Ukraine on the basis of interregional routes

Potential correspondence between cities i and j for all
possible combinations between a and x is calculated ac-
cording to the selected values of empirical constant and
calibration coefficient.

The obtained values Hj — potential correspondence
between city i and city j are summarized in Table 1.

Compliance and evaluation of estimated potential cor-
respondence Hj; between cities i and j to the actual value
of passenger correspondence is obtained in accordance with
the results of research conducted using dependence (13). The
value ¢ is a deviation of resulting calculated quantitative in-
dicator from the actual (in percentage form) and it provides
to analyze the quality of the combination of the value of
empirical constant — a and value of calibration coefficient — x.

_|H-H;
E—Tij‘

(13)

The calculation results for the dependence (13) are
summarized in Table 2.

This value €,, shows the average deviation of resul-
ting calculated quantitative indicators from the actual (in
percentage form) in the application of a combination of
value of empirical constant — a and value of calibration
coefficient — x.

Tahle 1
Calculated values of potential intercity correspondence
No of No of Hjat a=1, Hjat a=1, Hjat a=155, | Hjat a=155, | Hjat a=155, | Hjat a=155,
No transport transport x=1,0, x=14, x=1,5, x=1,8, x=119, x=2,5,
node i node j hundred days | hundred days hundred days | hundred days | hundred days | hundred days
1 8 22 19,31 17,77 16,83 15,79 15,23 11,57
2 8 15 71,07 66,98 63,99 60,46 58,52 45,52
27 22 14 134,60 4,04 11,15 9,34 8,53 4,86
28 22 8 11,83 136,01 132,81 135,32 136,55 143,47
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Tahle 2
Deviation of the calculated values of potential intercity correspondence from actually received according to the results of research (in percentage form)
No No of transport | No of transport | € at a=1 cata=1 € at a=155, ¢ at a=155, € at a=155, ¢ at a=155,
node § node j x=-0,8 x=1,4 x=1,6 x=1.8 x=19 x=2,5
1 8 22 0,26 0,08 0,03 0,03 0,07 0,29
2 8 15 0,04 0,04 0,00 0,06 0,08 0,29
27 22 14 0,33 0,02 0,02 0,02 0,03 0,05
28 22 8 2,23 0,30 132,81 135,32 136,55 143,47
€ay 2,0 0,24 0,11 0,10 0,15 0,41

6. Research results

The results of calculations from the Table 2 provide
an opportunity to empirically define the parameter of
gravity function at which the estimated values of potential
correspondence are near to the actual. The process of
intercity passenger transportation process by the pub-
lic routes has a passenger correspondence that can be
calculated using the gravity model (12). According to
the deviation parameters of calculated values of poten-
tial intercity correspondence from actually obtained as
the results of research it is determined that the calibra-
tion coefficient x in investigated transport system for
the corresponding calculations must take values from
1,6 to 1,8.

And, according to calculated data, it can be conclud-
ed that e, isn’t depend on a quantitative indicator a.
This statement is also confirmed by illustrated surface
of distribution function €,,. As a result of this work it
could be argued that the calculation function of the po-
tential correspondence between cities i and j takes the
following form:

1
H;= (L‘ ]Hle,,

It is necessary to determine that the survey isn’'t co-
vered passengers, who realize the need for correspondence
on personal transport and air transport. A necessity to
clarify dj gravity function between cities i and j, taking
into account the economic state of society, is identified
as a result of discussion. So, it is necessary to conduct
a study, taking into account the distance and fare in com-
parison with incomes as resistance factor. Also, there is
a reason for additional research and their further processing
for obtaining the prediction function with a higher quality
of calculations. The research doesn’t contain information
about the speed, time and fare.

These results can be used for calculation of intercity
passenger correspondence in Ukraine. Despite everything,
obtained results are important for understanding the current
processes in the field of transport. It should be noted that
selected correspondence resistance factor, L, can be taken
as highly correlated with the time and fare of travel. This
leads to a consideration of these factors in the resulting
model of dj gravity function between cities i and j. The
achievements in the results of research include the pos-
sibility to use chosen gravity model for intercity passenger
transport market in Ukraine.

(14)

7. SWOT analysis of research results

Strengths. One of the strengths of this research is an
evidence of the possibility to use a gravity model for intercity
passenger transport system in Ukraine. New information is
received for the study of still not defined corrective coef-
ficients for calculation of potential intercity correspondence.
They are customized for each transport system. The modern
scientific achievements are evidenced in support of this
assertion. They are outlined in the considered literature.
These circumstances define an impossibility to use gravity
models in practice for calculation of the performance of the
system without preliminary calculation of above-mentioned
coefficients. Use of this data regarding the optimal values
of the component parameters of gravity function provides
the ability to calculate quality indicators of performance
and planning parameters of considered transport system.
In view of the above-mentioned, new information about
studied system is obtained in prediction of intercity cor-
respondence. The results can be used for calculations of
intercity passenger correspondence in Ukraine. This is
advantageous in comparison with analogues due to:

— Analysis of actual data doesn’t require additional

resources.

— Possible increase of productivity by optimizing the

use of financial resources of enterprises for the produc-

tion process of satisfaction of transportation needs.

— Reduction of depreciation of manufacturing facilities.

Weaknesses. Weaknesses of research are the failure to
take into account the fact of intercity passenger corre-
spondence, which are implemented using cars. However, it
should be noted that the aim of this research was to analyze
a passenger correspondence being sold on the public routes.
Also, when receiving data on constant correspondence,
fluctuations of correspondence related to seasonal changes
in population mobility aren’t taken into account. At the
same time the value of gravity functions is calculated that
provide error of calculated data for valid within 10 %.
It should be noted that application of research results
for passenger transport system will not have additional
financial pressures for transport companies or passengers.

Opportunities. Precisely calculated value of intercity
passenger correspondence for public routes enables to secure
interactions between systems of different transport modes
to meet the needs of the population to meet the needs
of the residents for movement within the studied system.
At the same time there is a possibility of improving the
quality of financial flows by optimizing the allocation of
resources over time throughout the passenger system.
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Threats. There are difficulties associated with the use
of research results. This is due to the fact that the ap-
plication of the chosen calculation model of potential cor-
respondence it is necessary to determine the number of
departures and the number of arrivals in the transport
system points. An occurrence of such state of the system,
in which it will require transport enterprises to provide
more volume of transport services, is possible.

8. Conclusions

1. Passenger transport correspondence between cities
with different number of inhabitants is experimentally
defined. The quantitative indicators of passenger transport
correspondence are obtained. It is established that intercity
passenger transport correspondence can be predicted. It
is proved that gravity modeling of passenger transport
correspondence is suitable for this system.

2. Theoretical and experimental data are compared.
Static error of calculations is defined as a comparison
results. Previously unknown parameters of gravity func-
tion are defined. This allows to predict the passenger
correspondence in this system.
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MOJENHPOBAHUE NACCAMMPCKMX TPAHCMOPTHBIX
KOPPECTIOHAEHUMI MEM/Y OENMACTHBIMH LEHTPAMM
B YKPAHHE

I/ICC]IeﬂOBaH nporecc mpejaocraBjaeHuA YCAyTr MO I[epeBO3Ke
MacCaknupoB Ha MapuIpyTax O6H_[el'0 nosb3oBanust. I1o TOJIy4Y€HHbIM
JaHHbIM (baKTI/I‘{eCKI/IX KOppeCHOH[[eHL[I/Iﬁ ObLIO IIPOBEJEHO HCCJIe-
J0BaHE€ BOSMOKHOCTU IIPUMEHEHUA N3BECTHDLIX METO/IOB K pacyeTy
MACCAKUPCKUX TPAHCIIOPTHBIX KOppeCHOHZ[eHLII/IfI. YcTaHoBJIEHbBI
HnapaMeTpbl COCTaBJIAIONINX, IIPU KOTOPLIX NHNPUMEHEHUE PACCMOT-
PEHHBIX METOJA0B BO3MOKHO B paMKaX MCCJIEI0OBAHHON CHUCTEMBI.

Kmovesrie cnoea: TPAHCIIOPTHAaA CUCTEMA, TPaBUTAllMOHHAA
MO/I€J1b, ITACCAKUPCKUE TPAHCIOPTHDbIE KOPPECITOHAECHIINN, MEKIY -
ropojinue IepeBO3KU.
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ANALYSIS OF ERRORS
OF PROFILE TRANSFORMATION

IIposedeno ananis cmpyxkmypu noxubox npu KOHmMpOoJi hopmu naxyeais Xpecmosoi MOmKu Memooom
minvoeoi npoekuyii. Ompumani 6upasu 01st OKPEMUX cKIA006UX NOXUOKU napamempis Gopmi, w0 00360-
JSI€ 00TPYHMOoBano niditimu 0o npusHauenns 00NYcKie Ha 63AEMHE POIMAULYBANH OKPEMUX eeMeHmMis
npucmpoio. Ilposedeno ananis npucmpois peccmpauii 306pasiceiv 3 MouKu 30py MONCIUGOCMI iX 3aCMO-
CYBAHHSL 8 ANAPAMHOMY KOMNILEKCL Osl peECmpayii napamempie Gopmu naxysans xpecmosoi MOMKu.

Kmeuesi cnosa: Qopya nakysanv, xpecmoga MOMKA, MiHbOBA NPOEKUYLsl, PEECMPAULL Napamempias,

nepemeopenHs npopinio.

1. Introduction

Textile industry effectiveness is closely connected with
the provision of the required quality for all technological

steps. One of the most important processes in the textile
industry is the winding process, which resulted in for-
ming textile packages of various shapes. Defects of textile
packages results in increased breakage in subsequent steps,
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