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FORECASTING OF PASSENGER TRAFFIC UPON
IMPLEMENTATION OF HIGH-SPEED RUNNING

Purpose. Forecasting of passenger traffic flows in the future is an essential and integral part of the complex process
of designing of high-speed network (HSN). HSN direction and its parameters are determined by the volume of passen-
ger traffic, the estimated value of which depends on the economic performance of the country, as well as the material
status of citizens living in HSN concentration area, transport mobility of population, development of competing modes
of transport and so on. The purpose of this work is to analyse the existing methods of passenger traffic forecasting, to
evaluate errors of the existing models concerning determination of traffic volumes and to specify the scientific ap-
proach to the development of high-speed rail transport in Ukraine. Methodology. The existing forecasting methods are
reduced to the following ones: Delphi approach, extrapolation method, factor and correlation analysis, simulation
method. The method described in this paper is based on scientific approaches such as analysis — a comprehensive and
detailed study of various aspects of the known forecasting methods, comparing of existing methods for establishing
differences and similarities, as well as deduction — use of general knowledge to get the new particular one. Thus, the
unified indicators determined for the country as a whole, such as gross domestic product, national income, total popula-
tion and others cannot be used to forecast the traffic flow on specific areas of HSN construction. Therefore, it is neces-
sary to move from the overall forecast to traffic volume forecast on particular direction. Findings. The conclusions are
derived from the analysis of different approaches and methods of passenger flow forecasting. It is proposed to create
typical techniques of traffic flow forecasting using modern mathematical methods that would allow avoiding unreason-
able decisions and shortening project development time. The resulting recommendations will help in the efficiency of
design decisions, as well as will determine the quality of the project in whole and the feasibility of its implementation
in particular. Originality. The scientific approaches to forecasting the passenger traffic volume in HSN agglomeration
area were further developed. The HSN feasibility study criteria system was updated; this system takes into account
passenger transit flows through Ukraine, the population of the cities covered by the high-speed network, mobility of
population and other factors. Practical value. The data obtained by authors can be used to justify the concept of high-
speed rail transport development in Ukraine, to create a high-speed network and to phase HSN construction.

Keywords: high-speed running; high-speed network; passenger traffic volume; passenger traffic flow; forecast-
ing methods; economic efficiency

Introduction provided for HSN construction must have certain
socio-economic characteristics. The total popula-
tion of HSN concentration area must be at least 20-
25 million people, and the overall total passenger

The foreign studies on the efficiency analysis
of high-speed network projects performed in dif-
ferent countries state that the transport corridor
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traffic flow (in both directions), formed in this
transport corridor prior to the start of HSN opera-
tion, shall be not less than 5.6 million passengers
per year [17].

Significant factors that determine the success of
HSN projects are economic indicators of develop-
ment of the country and the specific areas of trans-
port corridors, as well as financial situation of the
citizens who live in HSN concentration area. One
of the economic criteria that characterize the finan-
cial situation of citizens is gross domestic product
(GDP). If the value of GDP is divided by popula-
tion size, we will get the index represented in Fig.
1. Yet this average index for a country does not
determine the feasibility of implementing high-
speed transport. For example, in China, it is the
lowest — 5.4 million dollars per person, but the
country’s success in HSN construction is impres-
sive.

usa | : ' ' | l49.7
United Kingdom | : : | 33

France | : : | 2.2
Spain | : l | 33.3
Japan | |425

Eu | | 31.8
china [T7] 54

° ° 2 '] [ 50 50

GDP, min. USD/person

Fig. 1. Gross domestic product, per person

Thus, the HSN project efficiency must be as-
sessed, first, in light of the financial situation of the
citizens living in HSN concentration area, sec-
ondly, based on GRP indicator, which is calculated
by subtracting from the total gross product (GDP)
the volume of its intermediate consumption and
which fully characterizes the economic activity of
the city or region. Using statistics on this indicator
one can predict the potential for economic devel-
opment, and accordingly determine the possibility
of the construction and operating conditions of fu-
ture HSN network sections [9].

In Ukraine GRP is calculated using the mixed
method i.e. part of the data is accumulated by re-
gional statistical agencies and transferred to the
centre and other part is collected by the State Sta-
tistics Committee and other economy sectors.

The relationship of the passenger traffic volume
with the above mentioned factors allows predicting

the prospective passenger flow and evaluating effi-
ciency of introduction of high speed traffic in
a particular direction.

The distribution of passenger traffic by mode of
transport takes place on a market basis, depending
on the cost of the trip, travel time, geographical
availability of transport infrastructure and other
factors. As a result, zones of efficient use of differ-
ent transport means are formed. At the junctions of
these areas there is competition between transport
modes (interspecific competition) [15]. In addition,
there is intraspecific competition (competition be-
tween individual companies representing the same
mode of transport).

Dependence published by the International Un-
ion of Railways [17] and clarified with a number
of additional data is shown in Fig. 2. It shows the
current distribution of passenger flows between the
air transport and HSN based on travel time by rail.

100,
\. Tokyo - Osaka 515 km

Plane (%)

—_
g g L
= 75 = ) -
o 74 2 = £ Paris - London 454 km
" 4 - -
E E H E Ers Stokholm - Gothenbung
] -4 L
& ) =
o 504 o & 4 " Paris - Toulouse 710 km
i i J 850 km
= % g Paris - Amsterdam 540 km
E . E, Rome - Milan 360 km
= 254 =,
™
'3

Train (%

T T T T T T ]
0 1,5 2 25 3 35 4 45 5
Travel time on route in hours
Symbols:
@ m-ixe-j HSN and rapid railway routes
@ - rapidrailway routes
Fig. 2. Distribution of passenger traffic flow
between high-speed rail and air transport

One of the important principles of ideology,
which is laid in the assessment of options for the
distribution of traffic, is based on forming of pas-
senger flows and velocity of the passenger, not of
the rolling stock [17].

Today there are a lot of research works that as-
sess and consider the ways of further development
of the trans-European high-speed rail network. One
of these projects is NGT (Next Generation Train)
developed by eight institutes of the German Air
and Space Centre (DLR) [13]. The basic idea of
NGT is to determine the operating domain of HSN
in Europe, designed for a new generation of trains
(NGT) with the speed of 400 km/h. The network
model covers most of European countries, includ-
ing Turkey.
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The project NGT investigated the reference di-
rection Paris-Vienna, the model of which is ex-
tended to the entire European Union, with recom-
mendations for further adjustments. The basic
components and criteria of the model included
economic centres (cities), direct rail connections,
train traffic frequency and travel time. Herewith
traffic volumes and density of population of cities
were calculated and regional preferences of pas-
sengers by transport means and others were taken
into account. The resulting transport model al-
lowed forming the recommended operating domain
of the network of new railway lines, proving feasi-
bility of HSN construction for the speed of 400
km/h in Central Europe.

Purpose

The question is: will this European transport
model work in other circumstances and in other
countries, such as Ukraine? Obviously, in this case,
one must take into account an individual approach
to solving a complex of tasks.

The purpose of this work is to analyse the exist-
ing methods of passenger traffic forecasting, to
evaluate errors of the existing models concerning
determination of traffic volumes and to specify the
scientific approach to the development of high-
speed rail transport in Ukraine.

Methodology

HSN operating domain being the object of
study can be presented as a set of peaks and links
between these peaks. In their turn, the peaks are
cities (metropolitan areas) that are key links in the
network [3].

Both the peaks and the links between them
have their own indices or evaluation criteria (so-
cial, economic, political, tourism, transport, etc.).
For example, social criteria include population
size, life expectancy, health conditions or pollution
of the environment. Socio-economic factors deter-
mine the location of the so-called «strong points»,
including the intermediate ones, through which or
near which HSN must pass.

Economic indicators are as follows: level of
welfare, income per capita, gross regional product.
Political relations are determined by the location of
urban administrative centres, with their status and
popularity (conducting of cultural events, confer-
ences, sport competitions), etc. Travel links in-

clude business, cultural, recreational and other
trips. Transport links are characterized by the pres-
ence or absence of certain means of transport by
directions (road, rail, air, etc.), the mobility of the
population, passenger traffic flow (transit and do-
mestic), etc.

Within the large stations and units, particularly
terminals, the high-speed network route should be
connected to the network with other modes of
transport: urban, commuter and air transport. Re-
sults of approvals from government and business
entities may require changing the position of the
line, even at the next stages of design.

When examining the operating domain for fu-
ture HSN it is appropriate to consider the destina-
tions that already have rail lines. Transport streams
at these directions are the most intense [14]. Thus,
the presence of the railway is one of the criteria for
determining the areas for potential high-speed
trains.

With a view to selecting of HSN feasibility
study criteria assess for a specific region it is nec-
essary to conduct deep investigation of the above
factors, to develop appropriate methods of deci-
sion-making. A step in this direction is the classifi-
cation of the main criteria for determining HSN
destinations, specified in [10], Fig. 3.

The first group of criteria describes the ag-
glomeration which tends to projected HSN. Stable
growth and tendency of indices to the maximum
possible values will ensure favourable environment
for construction and in the future for operation of
HSN.

The second group of criteria describes the tech-
nical and economic potential of destinations of the
prospective HSN. The line length varies usually
from 400 to 900 km for the purpose of being com-
petitive with air service. [15, 16] The HSN con-
struction cost depends on the line length and on the
complexity of construction conditions. According to
international estimates the average cost of 1 km of
high-speed network is about 25 million Euro [18].

Forecasting of passenger traffic flows in the fu-
ture is an essential and integral part of the complex
process of designing of HSN. HSN direction and its
parameters are determined by the volume of pas-
senger traffic. Therefore, the methods for determin-
ing the latter are subject to analysis and refinement.
Also it should be noted that increasing of passenger
traffic flow will enhance the overall economic effect
of the introduction of high-speed traffic.
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Many scientific papers are dedicated to fore-
casting of passenger flows. Deep analysis of dif-
ferent models and approaches is presented in [11].
It is appropriate to quote the saying by prof. M. V.
Pravdin of this work: «So far, the passenger rail
transport forecasting has been neglected, as a result
there is no sufficiently strong justification for de-
velopment of passenger high-speed transport...». It
was written more than thirty years ago, but has not
lost relevance today.

The existing forecasting methods are reduced to
the following ones: Delphi approach, extrapolation
method, factor and correlation analysis and state
and event simulation method.

The first attempts to use mathematical methods
appeared in the late nineteenth century, when
A. Wellington (USA) and E. Lille (Austria-
Hungary) attempted to establish a mathematical
relationship between traffic size, population of cor-
responding points and distance between them. Lat-
er modifications of this model were proposed,
which were called «gravity» [11].

These models are based on the assertion that
there is transport «attraction» between two large
settlements, which is directly proportional to the
product of the population of these settlements and
inversely proportional to the distance between
them in degree 3

P-P

I.=o. - (1)
ij U
i

where [1; — flow from point i to point j;F, P, —
population size respectively at the points i, j;L;
— distance between two points; o; — proportional-

ity factor; 3 — constant value.

Slightly adjusted dependence was proposed by
M.I. Zahordan and F.P. Kravets:

P-P,
, =a, ——~. )

U g L2
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HSN feasibility study criteria
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— Population transport mobility
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Fig. 3. Classification of the main criteria to determine promising areas of HSN construction
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They believed that the number of passengers is
directly proportional to the product of population
of two settlements and inversely proportional to
the square of the distance between them.

In these models it is still difficult to determine
the proportionality factor a; for long-range condi-

tions, since the factor changes significantly over
time. Thus, calculated on the basis of statistical
data on passenger correspondence between indi-
vidual points the factor ranged from 0.001 to
0.475. This is due to the effect of the statistical law
of passenger behaviour that can be formulated as
follows: to overcome the distance x from the point
of view of a passenger it takes some reasonable
time, which is associated with scientific and tech-
nological progress in transportation. Mathemati-
cally the law can be written as

T __—q(1), 3)

where v(x, t) — speed, which depends on the dis-

tance of travel and technological progress (rolling
stock, infrastructure) and is taken into account

through the time factor 7; a(¢) — constant value.

For example, if the average time to overcome
the distance of 100 km by high speed train TGV
POS climbing 35 %o slope is 30 min., then to over-
come 1000 km the time increases not by ten, but 9
times, and on the gradient-free sections — 8 times.

The main disadvantage of this model is the high
sensitivity to errors while calculating the value o,

and inability to verify the reliability of the fore-
casted model.

A number of studies attempted to overcome
some of these disadvantages of «gravity» models.
In particular, they examined such factors as gross
domestic product, national income and others. The
linear model was proposed for forecasting, the de-
fining parameters included national income, total
population, urban and rural population. As shown
above (see Fig. 1) the generalized parameters set
for the country as a whole cannot be used to fore-
cast the traffic flow in specific directions.

It should be noted that the models developed as
«gravity» ones have found wide application. So,
with the participation of experts of SYSTRA
Company (France) in 2002 there were investigated
the prerequisites for implementation of high-speed

trains in Ukraine, identified possible routes for
high-speed rail lines based on passenger traffic
volume forecasting [12].

Passenger traffic volume was calculated ac-
cording to the formula

P, P
1)

where &, —model coefficient.

F=k, @)

The formula (4) shows that the passenger traf-
fic volume F,, between two final destinations A4

and B depends on the number of people living in
final destinations P,,P,, frequency of trips f,

length of the route L, i and duration of trip by
high-speed train 7, between the cities 4 and B.

Analysis of formulae (1) and (2) shows that
they do not take into account transit passenger
flow, which is advisable to transfer partially to
high-speed connection. In addition, the consultant
of SYSTRA does not reveal the real dependence,
included in the denominator of the formula (4).

Conditions for major transit passenger flows
are created due to vectors of modern relations of
Ukraine with the EU, Belarus, the Baltic States,
Central Asia and the Caucasus [8]. In this case,
a special place is the study of population transport
mobility index. It is believed to be the average
number of trips per capita per year by all modes of
transport, particularly by rail. In the rail transport
segment the mobility factor is determined by the
ratio of number of passengers transported by rail
per year P to the average annual population of the
region N , served by this rail:

P
kmob = F . (5)
Findings

The authors analysed the dynamics, trends of
passenger traffic and calculated the mobility indi-
ces by the formula (5) (Table 1). The forecasted
population in 2020 is adopted according to JSC
«Ukrzaliznytsia» [1] and the number of outgoing
passengers — according to [5].

As the table 1 shows, the calculated long-

distance traffic index k”

mob

differs significantly by

rail (regions) and ranges from 0.9 to 2.28; it is in
average 1.5 trips per year.
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Unlike the formula (4), used by SYSTRA, the
work [2] presents the formula to calculate the fore-
casted passenger traffic volume, which takes into
account passenger transit flows through Ukraine
and the population in the cities covered by the
high-speed network:

(P +T,)-(P+Tp) kP

mob

FAB:2 'kz'kadd- (6)

Brusy + T sy
where F,, — forecasted annual number of passen-

gers between two cities 4 and B,. ths people;
P,, P, —population of the cities 4 and B accord-
ingly, ths people; 7',, T, — transit passenger flow
through station 4 and reverse movement from sta-
tion B, ths people; P, — total number of people
at all stations of high-speed network, ths people;
T,y — transit passenger flow through all stations

of high-speed network, ths people; k7, —

mob

population mobility in Ukraine on HSN, share; £,
— coefficient taking into account travel time of pas-
sengers on a given section according to the average
length of the trip — 4 hours, which varies from 0.75
to 1.25, share; k,, — coefficient additionally tak-

ing into account frequency of passenger’s travel on
a given section (business trip, change to the air-
plane, vacation, tourism), which varies from 0.75
to 0.9 for the regional cities with population of up
to 600 thousand and the cities of Kriviy Rig, Meli-
topol and Mariupol, 0.9 — 1.1 for the regional cities
with population of up to 600-1000 thousand and
the cities of Lviv and Kharkiv, 1.3 — 1.5 for the
cities of Kyiv, Simferopol and Odessa.

The coefficient £, takes into account the travel

time of passengers between specific cities and sig-
nificantly affects the demand for HSN. For exam-
ple, travel time from Lviv to Simferopol will be
about 6 hours. At the same time, travel time be-
tween Kyiv and Dnipropetrovsk will be reduced to
two hours. Because of this difference in time the
demand for the use of high-speed network can vary
by almost in half. These data are recorded in
France and other European countries. Experience
in operating speed trains in Ukraine in 2013
showed that demand for passenger transportation
between Kharkiv and Kyiv 1.5 times higher than
that between Donetsk and Kyiv as the difference in
travel time is 1.5 hours.

Table 1

Population mobility in long distance rail traffic

Number of resi- Passengers transported, Mobility factor
Railways dents in the terri- ths people
tory, total long distance traffic 1 ) dist raffi
ths people overa ong distance trallic

Ukraine 42 400 448 436 62 519 10.58 1.47

Lviv 8493 65 223 9133 7.68 1.08
Pivdenno-

Zakhidna 8 882 139 116 20263 15.66 2.28
(Southwestern)

Pivdenna 4769 69 430 8091 14.56 1.70
(Southern)

gf]ye‘;pg’gl;krz) 7125 77 836 11311 10.92 1.59
Odessa 6 894 34 580 8021 5.02 1.16
Donetsk 6 329 62 252 5699 9.84 0.90
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However, the factor k7, that determines the

population mobility needs clarifying because mo-
bility in different regions is different.

In addition, the formula (6) is not without
drawbacks. Let us consider a specific example.
Fig. 4 shows two variants for high-speed lines be-
tween Kyiv and Lviv. The population that lives in
urban areas (thousand people) is shown in the dia-
gram. Transit is adopted the same for both variants
— 50 thousand people per year. The results by the
formula (6), i.e. the projected number of passen-
gers, are as follows: in case of the northern variant
— 1 million people a year, the southern variant —
850 thousand people a year, that is not logical as
the overall population at all the stations of high-
speed network in southern variant is bigger and the
passenger traffic flow is smaller. So the formula
(6) does not include cases where the transit pas-
senger flow has a significant share.

Ternopil

Khmelnyts kyi

Fig. 4. Variants for high-speed
network
with population of cities

Currently, the most developed are extrapolation
methods, involving transfer of the trends observed
in the past into the future. This approach is possi-
ble due to the inertia properties of different proc-
esses.

Transport mobility of the population can be
characterized either by number of trips per capita
per year (mobility factor) or by the average number
of passenger-kilometres per inhabitant per year —
use of passenger transport services by one resident.

Volume of passenger traffic is calculated using
the mobility index that takes into account the fre-
quency of trips per year per inhabitant of the re-
lated area.

Getting of qualitatively new effect in the fore-
casting practice is associated with the use of factor
and correlation analysis. So, to check the relation
of population incomes with mobility index the
work [9] presents the correlation analysis, the re-
sults of which revealed that there is quite close de-

pendence of the mobility index on the value of dis-
posable real incomes of the population.

The authors also believe that the most general-
ized and complete definition of transport mobility
should be considered not the number of trips re-

gardless the travel distance, but passenger-
kilometres per capita, i.e.
kpkm _ Z(pl lz) (7)

mob
N

where ) (p,-1;) — passenger traffic flow of rail-

ways, mln pass.-km.

To compare trends in transport mobility and in-
comes, Fig. 5 and 6 show the results obtained in
[7], and Table 2 and Fig. 7 — calculations per-
formed before the year 2015. Column 5 shows the
population mobility indices, calculated by the for-
mula (7).

One of the most accurate ways to assess the
economic development of the state is considered
gross domestic product (GDP), and for population
the real income is that cited in statistics as nominal
one (reproduced at current prices of this year —
c. 6) and real one (adjusted for inflation — c. 7).

The performed correlation and regression anal-
ysis showed that the correlation coefficient be-
tween them is 7,,,=0.882. The linear regression

equation, which allows calculating the average

standard value of mobility (£?%") on the value of

disposable real income per capita (D), is as fol-
lows:

kP =1046.6 +0.00876 - D, (8)

mob

where the regression coefficient 0.00876 represents
more or less uniform chain growth of mobility in
arithmetic progression. This means that the change
in disposable real income per capita by 1 UAH
increases rail transport mobility by 8.76 pass.-km
per person. The authors of the work [9] believe that
the revealed tendencies (Equation 8) can allow
forecasting the disposable real incomes and mobil-
ity per person. Their forecast for 2015 is as fol-
lows: mobility per capita — 1242 pass.-km, dispos-
able real income per capita — 20.9 thousand UAH.
Comparison with factual data for 2015 showed that
neither the first nor the second index was not con-
firmed: mobility per capita made 835 pass.-km,
and the real income - about 24 thousand
UAH/person.
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Table 2

Calculation of transport (by railways) mobility of the population

Years | Passenger traffic | Total income f | Population size | Population mo- | Nominal income | Real incomes,

flow population, in Ukraine, bility, UAH/ per per- UAH/ per per-

of railways, mln miln UAH people pas.- km / per son son
pass.-km person
2000 51 800 128 736 49 430 1 048 2 631 2180
2001 52700 157 996 48 923 1 088 3261 2 490
2002 50 400 185073 48 457 1040 3855 2938
2003 52200 215672 48 004 1 087 4529 3400
2004 51 800 274 241 47 622 1 088 5800 4 468
2005 52400 381 404 47 281 1108 8127 6332
2006 53 400 472 061 46 930 1135 10 120 71771
2007 53400 623 289 46 646 1145 13 362 10 126
2008 53225 845 641 46 373 1148 18 326 13716
2009 48 327 894 286 46 053 1 049 19 454 14 091
2010 50240 1101 175 45 870 1 095 24 006 17 285
2011 50569 1266 753 45 693 1107 27723 19 683
2012 49 203 1457 864 45 577 1 080 31987 22711
2013 48 876 1548 733 45 483 1075 34 051 23 836
2014 37 065 1516768 43 722 848 34 691 24 284
2015 35913 1 520 000 43 000 835 35349 24 037
10 —13|642x ]26240' ‘ 1 | ; o f [ ' ! /(
g 150 ¢ ‘y_ R? =0.867 —— : § 12.0 iyﬂ:gi;oo‘t;:—rosl[ k}/
- | 1145 1148 2 100 T
£ 1 ; 1108 1 /‘q"
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55 e%0 24 20 zlz% 2'3—31:
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Years Years
Fig. 5. Transport mobility of the population Fig. 6. Real income of the population
between 2000 and 2008 between 2000 and 2008
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This can be explained by the following (see
Fig. 5 and 7): transport mobility of the population
had been increasing by the year 2008, but has de-
creased in the following years. At the same time,
the dynamic of growth of disposable income of the
population was positive.

In Ukraine, the first step to improve the quality
of transport services was the introduction of rapid
trains (Intersiti+ trains): since May 15, 2012 on the
section Kyiv — Kharkiv, Kyiv — Lviv, Kyiv — Do-
netsk; since November 11, 2012 the high-speed
train was introduced on the section Kyiv — Dni-
propetrovsk, and since May 2013 this route was
extended to Zaporizhzhia; in 2014 the following
high-speed directions were opened: Kyiv — Odesa,
Kyiv — Ternopil, Darnytsia — Truskavets.

- o

et .

——y
112 t+ 79703
= 0.6425

- —_—

2008 2009 2010 2011 miz 2013 2014 2015
Years

i L

Population transport mobility,

pass.-kmiperson

Fig. 7. Transport mobility of the population
between 2008 and 2015

The main purpose of new HSN is to provide
large volumes of passenger traffic between two or
more regional cities and their agglomeration areas
with minimal time loss by passengers. The in-
volvement of large settlements to the chosen direc-
tion of HSN is determined by the amount of pas-
senger traffic and revenues from the operation.

Future HSN concentration areas in Ukraine
[12], including the following cities and economic
and tourist centres:

— Kyiv (capital of Ukraine) and the Kyiv re-
gion, Kyiv has about 2.9 million inhabitants;

— Regions of Kharkiv and Poltava, Ukrainian
cities with about 2.0 million inhabitants;

— Dnipropetrovsk (now Dnipro), Dniprodzerz-
hinsk (now Kamianske), Zaporizhzhia and Kryvyi
Rih — about 3 million inhabitants;

— Donbas, economic activity in large cities
such as Donetsk (about 1 million inhabitants), Lu-
hansk (500 thousand inhabitants), Mariupol (about
500 thousand inhabitants), etc.

Tourist regions — Odesa (over 1 million people)
Mykolaiv (500 thousand people), Kherson (300
thousand people), Sevastopol and Simferopol
(about 700 thousand people).

West Region. Lviv has 730 thousand residents,
while in the region — more than 2.5 million inhabi-
tants.

Zakarpattia region is located on the edge of
Western Ukraine immediately adjacent to 4 coun-
tries: Poland, Slovakia, Hungary and Romania.
Zakarpattia, as of 2015 there are more than 250
resorts of different concepts and sightseeing sites
of tourism and recreation.

Ukraine is among the countries with high popu-
lation density (79 people per 1 km?). This is a fair-
ly high rate, indicating a generally favourable liv-
ing conditions and high level of territory develop-
ment. For comparison, the population density in
Russia per 1 km’® is 8.4 persons, in Republic of
Belarus — 47.9 persons, in Kazakhstan — 5.4 per-
sons.

When performing the forecasting calculations
by directions of international transport corridors
one can use the model of forecasting passenger
traffic needs tried and tested within the framework
of TACIS involving the companies EPV Euro-
projrktVerkehr (Germany) SGTE (England),
HyprotransTOY (Russia), Transmark (England),
Transpolis (Ukraine) [5].

This forecasting model, given the high uncer-
tainty of the general economics and sociological
position of the concentration area, uses statistic
data and opinion of the experts, namely of the In-
ternational Centre for Policy Studies (Soros Foun-
dation).

Based on forecast data, it is estimated that in
Ukraine in 2035 — 2040 about 130 million passen-
gers will use the high-speed network annually.
These traffic volumes correspond to an annual
turnover of 54 billion pass.-km. One of the possi-
ble schemes of HSN development in Ukraine is
shown in Fig. 8.
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Fig. 8. The recommended variant of HSN

Originality and practical value

This work further developed the scientific ap-
proaches to forecasting the passenger traffic vol-
ume in HSN agglomeration area. The HSN feasi-
bility study criteria system was updated; this sys-
tem takes into account passenger transit flows
through Ukraine, the population of the cities cov-
ered by the high-speed network, mobility of popu-
lation and other factors.

The obtained data can be used to justify the
concept of high-speed rail transport development
in Ukraine, to create a high-speed network and to
phase HSN construction.

Conclusions

Based on the analysis of the studies we can
make the following conclusions:

1.To determine the rational routes of high-
speed rail lines based on forecasted passenger traf-
fic volume the widespread use is gained by «grav-
ity» mathematical models based on the assumption
that the strength of the interaction of cities and re-
gions adjacent to the forecasted HSN is propor-
tional to the product of qualitative and quantitative
indices of the regions and inversely proportional to

the distance between the cities. These mathemati-
cal models are widely used in regional analysis,
during the study of expert and import relationships
between regions, but should be adjusted on the ba-
sis of economic development, regional business
activity, population mobility factor, the value of
which may vary considerably depending on the
growth of income, speed, comfort and service pro-
vided by high-speed transport.

2. Economic integration in the European Union
can increase the flow of passengers in the interna-
tional traffic, and the implementation of the Euro-
pean high-speed network expansion program in
Eastern Europe and CIS will allow the railways of
Ukraine to become integrated in the high-speed
network of Europe. The Ukrainian routes of high-
speed rail lines proposed by SYSTRA (France) in
2002 based on forecasted passenger traffic volume
do not take into account the transit flow through
Ukraine and the passenger mobility factor. Thus,
the proposed network topology and HSN construc-
tion phasing require correction.

3.From the analysis of different approaches
and techniques it follows that passenger flow fore-
casting requires development and use of advanced
mathematical techniques, creation of common
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methods of traffic flow forecasting, which will al-
low to prevent unreasonable decisions and shorten
project development period.

4. The studies show that to attract passengers
on the distance of up to 600-800 km the lowest
limit is the maximum speed of 250 km/h, at which

travel time will not exceed 4 hours. Based on the
fact that the average ratio between the route and
the maximum speed is 0.7-0.85, it is necessary
to ensure the maximum speed at the level of
300-350 km/h.
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IMPOTHO3YBAHHS ITACAXKUPCBKUX IEPEBE3EHD
IPU BIPOBA/’KEHHI BUCOKOIIBUAKICHOI'O PYXY NOI3/IIB

Merta. [IporHo3zyBaHHsS NacaXKHPCHKUX TPAHCHOPTHHX IIOTOKIB HAa IIEPCHEKTHBY € HaWBajJIMBIIIOI W He-
BiJI’€MHOIO YaCTHHOIO CKJIaJHOTO IPOIeCYy NMPOEKTYBaHHS BHCOKOMIBHIKICHMX Marictpaneir (BILIM). Hampsimox
BIIIM Ta ii mapaMeTpu BU3HAYAIOTHCS 0OCATaMU NMACAXUPCHKUX MEPEBE3€Hb, IPOTHO30BAHA BEIMUNHA SKUX 3aje-
JKUTH BiJ] EKOHOMIYHMX TTOKa3HMKIB PO3BUTKY KpPAaiHM, a TAKOX BiJ MaTepialbHOrO CTAaHOBHINA T'POMAJISH, SIKi IPO-
JKUBAIOTH Y 30H1 TsoKiHHSA BILIM, TpaHCTIOPTHOI pyXJIMBOCTI HACEJICHHS, PO3BUTKY KOHKYPYIOUHMX BHIB TPAHCIIOPTY
Tomo. MeToro maHoi poOOTH € aHaNi3 ICHYIOUHX METO/IIB IPOTHO3YBAaHHS MacaXUPCHKUX MEPEBE3CHbB, OI[iHKA TIOXH-
OOK iICHYIOUMX MOJIENEH 100 BU3HAUCHHS 00CATIB IIepeBe3eHb Ta YTOYHEHHS HAyKOBHX IIIXOMIB 10 OOTPYHTYBaH-
HS TOUIJTBHOCTI PO3BUTKY B YKpaiHi BUCOKOIIBUAKICHOTO 3aJi3HUYHOTO TpaHcrmopTy. Metoauka. IcHyrodi MeToan
MPOTHO3YBAHHS 3BOJAATHCS JIO TAKMX: METOIU CKCICPTHHUX OLIHOK, METOIM €KCTPAIOJIALlil, (paKTOPHOTO 1 Kopes-
IIHOTO aHali3y, METOIU MOJIC/IIOBaHHSA. MeToAMKa, BHUKJIAZCHA B JlaHiil poOO0Ti, 0a3yeThCs HAa TaKUX HAYKOBUX
MixoJax, SK: aHaji3 — BceOIUHE 1 JIETaabHEe BUBYCHHS PI3HHUX ACIICKTIB BIJOMHUX METOMIB IMPOTHO3YBAHHS; MOPIB-
HSTHHSI ICHYIOYHX METOJIB JJIsl BCTAHOBJICHHS BiIMIHHOCTI Ta MOMIOHOCTI; @ TAKOX Ha JCAYKIlii — BHKOPHCTaHHI 3a-
rajJbHUX 3HAHB JJIsI OTPUMaHHS HOBHX NMPHUBAaTHUX. Tak, y3arajbHEHI MOKa3HUKH, BCTAHOBJICHI JUI KpaiHU B IIJIOMY,
Taki SK BaJIOBUH BHYTPILIHIM MPOIYKT, HAIOHATHHUN HOXIJl, 3arajbHA YHACENBbHICTh HACCIICHHS Ta iH. HE MOXKYTh
OyTH BUKOpHCTaHI JJIsl TIPOTHO3YBaHHS MAacaXUPOMOTOKY Ha KOHKPETHHX HampsMkax OyamiBaunrea BIIIM. Otxe,
BiJl 3araJIbHOTO MPOTHO3Y HEOOXIHO IMEPEXOAUTH O MPOTHO3YBAHHS OOCATIB IepeBE3eHh HA KOHKPETHOMY Harps-
MKy. Pe3yjbTaTu. 3po0ieHi BUCHOBKH BUIUIMBAIOTH 13 aHANI3y PI3HUX MiIXOIB Ta METOAWK MPOTHO3YBaHHSA I1aca-
KHUPOIIOTOKIB. 3alpOIIOHOBAHO CTBOPIOBATH THIIOBI METOIWMKH HPOTHO3YBAaHHS TPAaHCIOPTHUX MOTOKIB HAa OCHOBI
Cy4aCHHX MAaTeMAaTHYHHUX METOJIB, IO AACTh MOXJINBICTh MONEPEANTH HEOOTPYHTOBAHI PIllICHHS W CKOPOTHUTH Tep-
MiHH po3poOKu mpoekTiB. OTpuMaHi B poOOTi peKoMeH/alii CIPUATUMYTh €()EeKTUBHOCTI IPOESKTHHUX PIllIeHb, BH-
3HA4YaTHUMYTh SKICTh IPOEKTY B I[IOMY Ta JOLUIBHICTH Horo peaiizauii 3okpema. HaykoBa HoBu3na. HaOymnu mo-
JTAJIBIIIOTO PO3BUTKY HAYKOBI MiIXOAM J0 MPOTHO3YBaHHS OOCSTIB MAaCaKUPChKUX MMEPEBE3CHb Y 30HI arjioMepaii,
mo 1soxie 1o BIIIM. JloroBHeHa crcTemMa KpUTEPiiB OLIHKK JOUUIBHOCTI copymkenHs BIIIM, sika BpaxoBye TpaH-
3WUTHI MIOTOKH MACaXXHPIB Uepe3 TEPUTOPi0 YKpaiHH, YHCENBHICTh HACEICHHS B MICTaX, OXOIUICHUX BHCOKOILIBHUJIKI-
CHOIO MepeKero, MOOUTBHICTh HacesieHHs Ta iH. ¢akropu. [IpakTuyna 3HaunmicTs. OTpUMaHi aBTOpamMHu JjaHi Mo-
JKyTh OYTH BHKOPHCTaHI [T OOTpYHTYBaHHS KOHIICTIIIIi PO3BUTKY BHCOKOIIBUAKICHOTO 3alli3HHYHOTO TPAHCIIOPTY B
VYkpaini, hopMyBaHHSI MepeKi BUCOKOIIBUAKICHAX MaricTpalieil Ta BCTAHOBIICHHS eTariB OyaiBHuITBAa BIIIM.

Kniouosi cnosa: BHUCOKOIIBHIKICHUM pyX TOI3/iB; BHCOKOIIBHJKICHI Marictpani; oOCSIr mHacaXHpChbKUX
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IMPOTHO3NUPOBAHUE NACCAKUPCKUX ITEPEBO3OK ITIPU
BHEAPEHHUHU BBICOKOCKOPOCTHOI'O ABMKXEHMUS ITOE310B

Heab. IIporHo3upoBaHHE NACCAKUPCKUX TPAHCIOPTHBIX IOTOKOB HAa MEPCHEKTHUBY €CTh BaKHEHWIIEH H
HEOTBEMJIEMOH YacThIO CKJIaBIBAIOIIETOCS TpOIiecca MPOSKTHPOBAHUS BBICOKOCKOPOCTHBIX MarucTpaneii (BCM).
Hanpasnenne BCM u ee mapamerpbl ONpeAeNsOTCS OOBEMaMH IACCAKUPCKUX IEPEBO30K, MPOTHO3UpPYyeMast
BEJIMYMHA KOTOPBIX 3aBHCHUT OT DKOHOMHMYECKHMX IIOKa3aTeNed DPa3sBUTUS CTPaHbl, a TAKKe OT MAaTE€PHAIbHOTO
MOJIOKEHHS TPa’kAaH, KOTOPbIE MPOXKHBAIOT B 30HE TAroTeHHss BCM, TpaHCHOPTHOH NMOJBMXHOCTH HAceNeHHS,
pa3BUTHs KOHKYPHPYIOIIUX BHIOB TpaHCHOpTa u T.1. Llenpro HaHHOW pabOThI SIBJISCTCS aHAIU3 CYIICCTBYIOIIMX
METOJIOB IIPOTHO3MPOBAHMSA IAaCCaXXMPCKUX MEPEBO30K, OLEHKAa MOrPEHIHOCTEH CYyLIECTBYIOMIUX MoAeiel
OTHOCHUTENBHO ~OIpeleNieHHsT OOBbEeMOB TIEPEBO30K ¥ YTOYHEHHE HAYYHBIX TMOJXOJOB K OOOCHOBaHHUIO
eNIecO00pa3sHOCTH Pa3BUTHA B YKpaWHE BBICOKOCKOPOCTHOTO JKEJIE3HOJOPOKHOTO TpaHcmopra. MeTtoamka.
CyIecTByIoI€ METOAbl INPOTHO3HPOBAHUS CBOAATCS K TaKUM: METOAbl OSKCHEPTHBIX OLIEHOK, METOMABI
9KCTPAIOJSIINY, (PAKTOPHOTO M KOPPEINSLMOHHOTO aHajli3a, METO/Ibl MOJACIUPOBaHUs. MeToanKa, 3JI0KEeHHas B
JaHHOW paboTe, Oa3upyeTcs Ha TAKUX HAYYHBIX MOAXOZAX, KaK: aHaIN3 — BCECTOPOHHEE M JCTAIBHOE M3yUCHHE
Pa3HBIX aCMEKTOB U3BECTHBIX METOJOB IMPOTHO3MPOBAHUS; CPABHEHHE CYIIECTBYIOIUX METOJOB JUIsl YCTAHOBJICHUS
OTJIMYMSA M CXOJICTBA; @ TAK)KE Ha ACAYKIMU — HCIOIb30BaHNH OOIIMX 3HAHWH JUIS TIOJTyYCHUS! HOBBIX YAaCTHBIX. Tak,
0000IICHHBIE TTOKA3aTeNH, YCTAHOBJICHHbIE JJIs1 CTPAHBbI B I1€JI0M, TAKHE KaK BAJIOBOM BHYTPEHHUH MPOAYKT, HALINO-
HaJIbHBIM J10XOJ, 00I11asi YMCIEHHOCTh HACETICHUS U AP. HE MOTYT OBITh MCIOIB30BAHBI Ul IPOTHO3UPOBAHNUS Mac-
Ca)XUPOIIOTOKA Ha KOHKPETHBIX HampaBieHusx crpourenbctBa BCM. Takum o0Opazom, OoT 00miero mporxHosa
HEOOXOZMMO TEePEXOUTh K MPOTHO3UPOBAHUIO 00BEMOB IEPEBO30K HA KOHKPETHOM HampaBiieHUU. Pe3yabTaThl.
CJIGJ'IS.HHI)IE BBIBO/IbI BBITCKAIOT U3 aHaAJIM3a pa3HbIX MOAXOAOB U METOAUK IMPOTrHO3UPOBAHUA MACCAKUPOIIOTOKOB.
IIpennoxxeHo co3naBaTh TUINOBYI0 METOAUKY MPOTHO3MPOBAHMS TPAHCHOPTHHIX NOTOKOB HA OCHOBE COBPEMEHHBIX
MaTeMaTHYeCKUX METO/0B, KOTOpas JacT BO3MOXKHOCTH IPENyNpeJuTh HEOOOCHOBAHHBIE PEUICHUS U COKPATHTh
CpOKH pa3paboTKH MpoekToB. [loyueHHbIe B paboTe peKoMeHAAINK Oy/IyT OKa3bIBaTh cojeicTBre 3P ek THBHOCTH
MIPOEKTHBIX PEIICHUH, ONpPEAeNATh KAYeCTBO MIPOEKTA B IIEIOM U IETIECO00PAa3HOCTh €ro pealln3alii B YaCTHOCTH.
Hayuynasi HoBu3Ha. [IpmoOpenm nanpHeiliiee pa3BUTHE HAy4YHBIE IOJXOABI K MPOTHO3UPOBAHHIO OOBEMOB
MacCaXUPCKUX TIEPEBO30K B 30HE arjioMepanuy, koropas tsaroreer kK BCM. JlomonHeHa cuctemMa KpUTEpHEB OLIEHKH
nenecoobpasHoctu coopyxeHuss BCM, KoTopast y4uTBIBaCT TPAH3UTHBIC MOTOKH MACCAXHUPOB YEPE3 TEPPUTOPHUIO
VYKpauHbl, YUCICHHOCTh HACEJICHHUS B TOPO/IaX, OXBAYEHHbBIX BBICOKOCKOPOCTHOM CEThIO, MOOMIIBHOCTD HACENICHHS U
np. daxropsl. [IpakTuyeckasi 3HaUMMOCTb. [lomydeHHbIE HaHHBIE MOTYT OBITH HMCIIOJIB30BAHBI AJIsI 00OCHOBAHMS
KOHLIENIIMK Pa3BUTUSI BBICOKOCKOPOCTHOT'O JKEJIE3HOAOPOXKHOTO TPAaHCIOpTa B YKpanHe, (OPMHUPOBAHUS CETH
BBICOKOCKOPOCTHBIX MarucTpaieil 1 ycTaHOBJICHHUS 3TaNoB cTpouTenscTsa BCM.

Kniouegvie cnosa: BBICOKOCKOPOCTHOE JBHDKEHHE IIO€310B; BBICOKOCKOPOCTHBIE MarucTpaiu; o00beM
MACCAXUPCKUX TEPEBO30K; MACCAKUPOOOOPOT; METO Il POTHO3UPOBAHUS; SIKOHOMUYECKast 3P PEKTUBHOCTh
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