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GENERAL DESCRIPTION OF THE WORK

Relevance of the Research

Over the past several years, solution of issues of quality of
development, modernization, reconstruction and maintenance of
international railway corridors has been in focus, considering the
changing needs of an individual country’s residents and common needs of
railway users in general. The development of railway transport systems
influences the quality of life in separate countries and regions, as defined
by complex equilibrium of economic, social and political factors.

The railway transport sector in countries in Central and Eastern
Europe is outdated in the technical, economic, technological and
organizational sense, lagging far behind modern and -efficiently
interacting railway transport systems of Western and Northern Europe.
Their main weaknesses include low train speeds, different conditions for
the use of railway networks in different countries (differing requirements
for infrastructure, projecting standards and rolling stock), low-level
services, noise and vibration, insufficient level of traffic safety and
environmental protection. The problem of increasing train speeds is of
key importance.

Development of a joint European high-speed railway network has
been started, and Lithuania should join the system as well. The main goal
of the Lithuanian railway sector is to increase speeds of passenger and
cargo trains on main lines from the current 120 km/h for passenger trains
and 90 km/h for cargo trains. The increase of train speeds is not a
technical issue only — as modernization of infrastructure requires
extensive investments, it becomes an economic task, as well.
Modernization and development of the existing railway infrastructure
requires immense investments, which have to be based on technical and
economic calculations. Implementation of the Lithuanian railway
infrastructure and development program will require a minimum of about
305 million litas annually in the 2001-2007 period. The goal of the work
is to increase speeds of cargo trains to 100 km/h and that of passenger
trains to 160 km/h. Growth of train speeds leads to reduction of passenger
or cargo travel time, which produces an economic effect.

Railway tracks consist of straight sections and curves. Curves
make between 20 and 35 percent of the overall railway length. Increase of
train speeds on curves intensifies forces, which act on the track and train
passengers, and reduces safety of all kinds of train traffic and the level of
passenger comfort. This is due to the existing small curve radius and
rising outer rail, which is outfitted in an effort to reduce centripetal and
centrifugal forces. Therefore, the increase of train speeds leads to stricter
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requirements for road construction and maintenance on curves. A key
engineering task is to determine curve parameters after changes to the
railway track utilization conditions, which depend on a specific country’s
topographic conditions, the ratio between the traffic of passenger and
cargo trains, economic, social and political factors. On curved railway
lines used by both cargo and passenger trains, it is necessary to verify the
ratio of cargo and passenger train speeds.

The cost of increasing railway curve radius is equivalent to the
cost of constructing a new railway line, therefore, it is important to
determine whether it is more expedient to reconstruct existing curves or
build new lines for passenger trains only. (In Lithuania, railway transport
accounts for merely 2.7 percent of passenger carrying among other means
of transportation, therefore, building of new lines for passenger traffic
only is not projected). Meanwhile, traffic of passenger trains determines
most requirements set for railway infrastructure (speed limits, station
equipment and parameters of track plan and longitudinal section) and
prospects for expansion of the rolling-stock depot.

All reasons stated above determine the relevance and validity of
the doctoral dissertation.

Aim and tasks of the work
The aim of the work is to determine the influence of railway track
parameters upon train speeds on curves, as well as to analyze and propose
rational solutions for increasing train speeds on main lines of Lithuanian
railways.
The following tasks were set out to achieve the aim:

e To analyze and assess the experience of foreign countries in
similar researches and specify it to meet the specific needs
of Lithuanian conditions;

e To analyze main factors influencing train speeds on curves
of railway tracks;

e To develop an analytical algorithm for the selection of
railway track curves to define the influence of existing
parameters of curves upon train speeds. To design improved
methods for researching existing railway track curve
parameters in an effort to increase train speeds;

e To carry out pilot research of selected railway lines in order
to analyze factual train speeds on railway track curves and
determine the effect of existing curve radiuses, rising outer
rail and positions of curve on the line upon them. To present
an analysis and assessment of research data;

e To propose mathematical models for solving tasks to
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increase railway speeds on existing railway lines;
e To determine the economic effect caused by the
implementation of research results.

Scientific novelty and originality of research

The work discusses main factors influencing train speeds. With the
help of a detailed analysis of the experience of foreign countries in
railway development, modernization, reconstruction and maintenance and
research of priority railway lines in our country, the author has developed
an algorithm for grouping railway track curves, which enables to
determine, for the first time, the volumes of work for reconstruction of
railway track plan curves and the necessary investments required to
satisfy users’ needs and improve life of the population. Under the
proposed methods for researching railway track curves, the author
researched for the first time in Lithuania and summarized — with the help
of the ,,TRAUKA® software — the factors defining curved sections of
railway tracks that are necessary for improvement of solutions for train
speed increase. The author suggests applying mathematical modeling
when addressing tasks of optimizing parameters of railway track curves in
modernization of railway lines. The economic effect of travel time
savings for passengers has been calculated.

Main factors restricting train speeds on mixed-traffic railway lines
are small-radius flat curves of railway track plan, their parameters and the
position of the curve on railway line. Therefore, special research was
carried out to substantiate parameters of railway track curves for
reconstruction of existing railway lines to facilitate higher train speeds.

The author suggests that problems arising with the increase of
train speeds should be addressed through assessment of railway track
curve radius, rising outer rail, curve position on line and factual train
speeds determined with the help of the special computer software
»TRAUKA®“. The author reasons that economic issues of railway
reconstruction should be solved and decisions should be made using the
analysis and conclusions of research of railway track curves.

Research object and methods

The dissertation analyzes the influence of railway track curve
radius, rising outer rail and position of curve on line upon projected train
speeds. Two priority railway lines in Lithuania were analyzed by the
aspect. The abovementioned object of research was analyzed using
theoretical, analytical and mathematical statistical methods. Computer
software ,,TRAUKA® was used for experimental research.




Significance of scientific work
The significance of scientific work performed is that the proposals

were taken into consideration during modernization of main lines of
Lithuanian railways, which led to saving of expenses related with travel
time economy, and volumes of railway track curve reconstruction are
linked with topographic conditions of Lithuania and specific
characteristics of railway traffic are assessed (the share of haul volumes
and tonnage of passenger trains in the general tonnage is forecast).

Approbation of the research

The main findings of the dissertation were presented and discussed
during the following conferences:

1. 4™ international conference ,,Environmental Engineering®, held

on May 25-26, 2000 in Vilnius, Lithuania.

2. National conference ,,Civil Engineering and Geodesy* held on

September 29 , 2000 in Vilnius, Lithuania.

3. National conference ,,Civil Engineering and Geodesy* held on

October 5, 2001 in Vilnius, Lithuania.

4. 7" international conference ,Modern Building Materials,

Structures and Techniques®, held on May 16-18, 2001 in Vilnius,

Lithuania.

5. 5™ conference of junior scientists of VGTU Lithuania ,,Lithuania

without Science - Lithuania without the Future held on March 21,

2002 in Vilnius, Lithuania.

6. 5™ international conference ,,Environmental Engineering®, held

on May 23-24, 2002 in Vilnius, Lithuania.

7. National conference ,,Civil Engineering and Geodesy* held on

October 29, 2002 in Vilnius, Lithuania.

8. 4™ international conference ,, Transbaltica-03%, held on April 10—

11, 2003 in Vilnius, Lithuania.

9. 12" international  conference ,»Railways 2003“, held on

October 14-18, 2003 in Gdansk-Sobieszewa, Poland.

Publications: 3 accepted scientific publication and 6 other
scientific publikations (see 23-24 p.).

The framework of the dissertation

The doctoral dissertation consists of introduction, four chapters,
general conclusion, a list of references and presentations according to the
dissertation theme list, a list of literature. The text of the dissertation is
presented on 125 pages and modeled on computer and printed at an
interval of 1.5 lines. The work includes 60 figures and 27 tables.




THE CONTENT OF THE DISSERTATION

The introduction illustrates relevance of the topic of the
dissertation, describes object and methods of research, explains scientific
novelty and originality of work and formulates aim and tasks for the
work.

The increase of train speeds on existing mixed-traffic lines is not a
new task but remains relevant today in Central and Eastern Europe,
especially since the issue has not yet been addressed in a scientific
approach in Lithuania.

Chapter One titled Object of Research, Work Goals and Tasks
analyzes the historical evolution of train speed increases and practical
opportunities to translate the task into reality. A detailed analysis has been
performed into researches by foreign scientists aimed to increase train
speeds through the revision of railway track parameters on existing lines
of mixed traffic.

All aspects that influence train speeds on railway track have been
divided into local and global factors. Local factors are restricted to their
length on certain sections of a railway track (small-radius curves, short
transition curves, lengths of straight sections between curves, rising outer
rail, switches, stations, road structures, crossings, defects and
deformations of track formations). Global factors refer to those existing
throughout the railway track (type and state of track superstructure,
electrification system, if there 1is one, alarm network and
telecommunication network).

Studies by scientists of foreign countries show that small-radius
flat curves of railway track have the biggest effect on train speeds. Other
key parameters on mixed traffic lines include the size of rising outer rail
on curve and standard values of undamped cross acceleration. Costs of
increasing curve radius is identical to the cost of constructing a new line,
therefore, technical and economic calculations are required to determine
the feasibility of reconstructing existing curves against the construction of
a new line for passenger transport only.

Consequently, an analysis was carried out into factors determining
the efficiency of increasing train speeds and main indicators and methods
determining a project’s economic feasibility.

Chapter One contains an analysis of Lithuanian railway lines. The
distribution of highest permissible speeds for passenger trains on railway
lines Vilnius—Klaipéda and KaiSiadorys—Kybartai is portrayed in
Figures 1 and 2.
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Fig 1. Distribution of highest permissible speeds for passenger trains on
the railway line Vilnius—Klaipéda
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0.04% _\ .26% 9.12%
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120 km/h 27.40%
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Fig 2. Distribution of highest permissible speeds for passenger trains on
the railway line KaiSiadorys—Kybartai

On both analyzed railway lines, train speeds under 120 km/h
account for the biggest part of the track. However, they account for
merely 63.46 percent and 53.99 percent, respectively, of the overall line
length.

For the analysis of flat curves of Lithuanian railway lines by their
radius, the curves have been divided into 5 groups. I — <500 m; IT — 501—
650 m; III — 651-800 m; IV — 801—-1 000 m; V —>1 000 m. The majority
of curves are curves with radius >1000 m (808 curves) and the least
number are of curves with radius < 500 m (44 curves). There are 167 and
215 flat curves of groups II and 1V, respectively.

There are a total of 329 flat curves on the railway line Vilnius—
Klaipéda, with overall curve length of 147.28 km, which amounts to
27 percent of the overall track length. On track I, there are 210 flat curves
(92.28 km). On track II, there are 119 flat curves (55.002 km). Curves
with a radius of more than 1 200 m make 44.81 percent.
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There are a total of 110 flat curves on the railway line
KaiSiadorys—Kybartai, with overall curve length of 38.84 km, which
amounts to 16 percent of the overall track length. On track I, there are
53 flat curves (19.19 km). On track II, there are 57 flat curves (19.65 km).
Curves with a radius of more than 1 200 m make 59.55 percent.

The analysis of studies conducted by scientists of various foreign
countries and the two Lithuanian railway lines enabled to formulate the
aim of work and plan tasks for achieving the aim.

Chapter Two is titled Modeling of Railway Track Parameters and
Train Speeds. Increase of train speeds on curves of existing railway lines
requires changing key parameters of curves. The chapter contains a
detailed analysis of the influence of flat curve radius, rising outer rail and
undamped cross acceleration upon train speeds. The influence of
parameters of railway track curves (flat curve radius, rising outer rail and
undamped cross acceleration) upon train speeds is assessed through their
interdependence.

The highest permissible speed for passenger trains on every curve
when the curve radius, rising outer rail and undamped cross accelerations
are known values can be determined according to Formula 1 and the
Vo = f(R,h,a,) diagram provided in Figure 3:

Vel = 3-6,/R([an]+ g%j, (1)

where /& — rising outer rail, mm; R — flat curve radius, m; a, —
standard value of undamped cross acceleration equaling 0.7 m/s*; § —
distance between rail head axes (depends on gauge width, when gauge
width is 1520 mm, S=1600mm), mm; g — free fall acceleration
equaling 9.81 m/s2.

When rising outer rail is accepted as equaling 150 mm and
standard undamped cross acceleration on curve does not exceed 0.7 m/s’,
highest permissible train speeds are calculated by the dependence upon
flat curve radius y® = 4.6+/R , km/h.
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Fig 3. Dependence of highest permissible speed for passenger trains on
curves upon curve radius and rising outer rail, when accepted
a,=0.7 m/s’

Following an analysis of methods for determining the improved
rising outer rail on existing mixed traffic lines, the proposed three

formulas for calculation of rising outer rail are as follows:
- for passenger trains when a, = 0.7 m/s*:

12.5v2 12.5v2
hkd — max, kel _ 16361” — max, kel _ 1 15 ; (2)
R R

- for cargo trains when a, = + 0.3 m/s*;

12.5v2 12.5v2
h, = ——"_163g, = ——" 50, 3)
R R

- train stream:

1252
R

h

sr

, “

Where Vyures Vmarkr represents maximum speed of passenger and
cargo trains on curve, km/h; v, — average train stream speed on curve,
km/h; R — flat curve radius, m.

The largest value calculated by formulas 2—4 is accepted.
An analysis shows that the three formulas have different range of

12



validity. Formula (2) applies to the range when curve radius is between
500 and 2 800 m, and the highest train speed varies in the 100—160 km/h
range with intervals of 10 km/h. Formula (3) applies when curve radius is
between 350 and 2 900 m, while Formula (4) applies in the broadest
range of 3004 500 m. We have determined that the general application
interval of all three formulas is when curve radius is 500-2 800 m (i.e.,
average curve radius equals 1 500 m).

An algorithm for grouping railway track curves is proposed. Under
the algorithm, curves are divided into three groups depending on

projected train speeds VZV’ km/h, and existing values of railway track

curve radiuses R;, m, and rising outer rail 4;, mm. This enables to
determine an exact number of curve groups to be remodeled and calculate
the length of curve groups.

Group 1. Flat curves that satisfy the condition " <y®’  which

Iz

pr max
means that existing curve parameters R; and 4; ensure highest projected
train speeds calculated with the help of ,,TRAUKA® calculations Vo

km/h.

Group II. Flat curves where the existing curve radius R; may be left
unchanged and the existing rising outer rail 4; restricts highest projected
train speeds v km/h. A relevant rising outer rail should be equipped and

lengths of transition curves should be calculated on such curves.
Group III. Flat curves that satisfy the condition ,» - & , which
pr max

means that the existing curve radius R; restricts the highest projected train
speeds V;’r,km/h.

The algorithm for grouping flat curves on railway line is provided
in Figure 4.

Chapter Three titled Complex Research of the Influence of Railway
Track Parameters upon Train Speeds provides methods for researching
railway track curves and train speeds. The chapter contains an analysis of
research data and a comparison with results of researches by other
authors. Necessary data about selected objects was collected (existing
curve radiuses and rising outer rail), summarized and analyzed
statistically with the help of calculated statistical indicators: average value
of indicator, dispersion, average square deflection, variation coefficient,
actual value of arithmetic average and alteration interval. The statistical
characteristics have been summarized on both lines studied and presented
in Tables 1 and 2.
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Fig 4. Algorithm for grouping flat curves on railway line
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On both railway lines studied (tracks I and II), the existing curve
radius and rising outer rail does not ensure a train speed of 160 km/h, as
indicated on histograms and clause functions provided. They indicate that
the curve radius of more than 80 percent of curves does not satisfy
minimum requirements made for category I railways.

Table 1. Statistical characteristics of flat curve radius R, m on railway
curves studied

Statistical characteristics of flat curve radius, m
. Value, when probability
£|g & =0,95
Railway line §° %’ = 218 2 Lt
by 53 8|82 Result
> > o0 |5 Y s
< <”23|28 Average distribu-
° tion
Vilnius—Klaipéda Track | 1439 854 59 1321-1557 | 269-3 147
Vilnius—Klaipéda Track 11 1653 1078 65 1456-1850 | 303-3 809
Kaiiadorys—Kybartai Track I 2 005 1133 57 16912319 | 2604270
Kaisiadorys—Kybartai Track II 1688 951 56 14364813 | 214-3 590

Table 2. Statistical characteristics of rising outer rail 2, mm on railway
curves studied

Statistical characteristics of rising outer rail, mm
T Value when probability
o] [ —
Railway line oD P E 21 5 p=0.95
5 ) glE&g= Result
< < @ § S 8 Average distribu-
o .
tion
Vilnius—Klaipéda Track I 60 29 48 56—64 3-118
Vilnius—Klaipéda Track IT 54 27 50 49-59 0-109
Kai$iadorys—Kybartai Track I 55 28 52 47-62 0-111
KaiSiadorys—Kybartai Track II 49 27 55 42-56 0-107

The top permissible train speed for every curve studied has been
calculated according to Formula (1). The author conducted an analysis of
speed data of passenger trains on curves has been, determined alteration
of curve change and developed its mathematical model on both lines.

Diagrams of dependence of train speed on existing curve radius
and rising outer rail (when curve is studied as isolated) are depicted in
Figures 5 and 6.
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Fig 5. Diagram of dependence of highest permissible speed of passenger train on
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Fig 6. Diagram of dependence of highest permissible speed of passenger
train on existing curve R and % on line KaiSiadorys—Kybartai (Track I)

The dominant top permissible train speeds on the railway line

Vilnius—Klaipéda are 110 and 130 km/h, which passenger trains can reach
on 64 curves, 30.8 percent of the overall number of curves. The lowest
permissible speed for passenger trains is 80 km/h. There are 6 curves
where passenger trains can go at such speeds. As many as 80.77 percent
of all curves analyzed restrict speeds of passenger trains to 160 km/h.
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The dominant top permissible speed for passenger trains on the
railway line KaiSiadorys—Kybartai is 130 km/h, which trains can reach on
10 curves, 19.24 percent of the overall number of curves. The lowest
permissible passenger train speed is 50 km/h. As many as 59.61 percent
of all curves analyzed restrict speeds of passenger trains to 160 km/h.

It is important to stress the big differences in the character of
rising outer rail on curves, and it will need to be determined through the
assessment of factual maximum speeds of passenger and cargo trains on
curves and according to the average speed of train stream.

Studies of the dependence of train speeds and time upon railway
track parameters (elements of longitudinal track section, flat curve radius
and rising outer rail) were performed with the help of special computer
software ,,TRAUKA®. The results of software calculations are analyzed
by diagrams of dependence of train speeds on track v = f'(s).

An analysis and assessment of average speed of passenger trains
and time has been conducted. Results for both railway lines under
research are analyzed and assessed through comparison of versions I, III
and II, V of the ,,TRAUKA* calculations between themselves. Results of
the analysis are provided in Tables 3 and 4.

Although average train speeds on the railway line Vilnius—
Klaipéda are higher than those on the line Kaisiadorys—Kybartai, the time
economy differs by merely 2 percent.

Table 3. Analysis and assessment of ,,TRAUKA* calculation results on
track I of railway line Vilnius—Klaipéda

Versions
Calculation results
I III I A\
Train running time, minutes 2573 215.6 250.3 170.6
Running time economy, % 16.21 31.84
Average train speed, km/h 88 | 105 90 | 132
Increase in average train speed, % 19.32 46.67

Table 4. Analysis and assessment of ,,TRAUKA® calculation results on
track I of railway line KaiSiadorys—Kybartai

Versions
Calculation results
I m II v
Train running time, minutes 88.6 69.6 86.4 57.0
Running time economy, % 21.44 34.03
Average train speed, km/h 84 | 106 86 | 130
Increase in average train speed, % 26.19 51.16
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The influence of curve position on railway line upon train speed
has been assessed based on determination of factual train speeds on every
curve. The highest factual speeds reached by trains on curves under
version V of the ,,TRAUKA® calculation are compared with the
determined permissible train speeds on curves by existing railway track
curve parameters R; and 4; (when curve is analyzed as isolated).

An analysis of research data have been divided into three groups
with the help of the computer program Kreiv_gr designed by the author.

The results of research in both railway lines under research are
provided in Table 5.

Table 5. Distribution of curve number into groups, % on both railway
lines analyzed

Railway line Distribution of curve number into groups, %
Group [ Group II Group 111
Vilnius—Klaipéda 43.33 25.72 30.95
KaiSiadorys—Kybartai 71.15 19.23 9.62

Lengths of curve groups have been calculated, with calculation
results by curve groups on both railway lines analyzed are provided in
Table 6.

Table 6. Distribution of curve group lengths on both railway lines
analyzed

Railway line Distribution of curve lengths into groups, km
Group [ Group II Group 11
Vilnius—Klaipéda 40.842 24373 27.06
KaiSiadorys—Kybartai 13.370 3.164 2.656

On the railway line Vilnius—Klaipéda there are a total of 119
railway track curves (56.67 percent of the overall number of curves),
which fall into train speed zones and, according to curve parameters R
and 4, do not ensure realization of speeds, as calculated by the V version
of ,,TRAUKA® calculations. Their length totals at 51.433 km, which
accounts for 55.74 percent of the length of all curves.

On the railway line KaiSiadorys—Kybartai, there are 15 railway
track curves (28.85 percent of the overall number of curves), which fall
into train speed zones and, according to curve parameters R and 4, do not
ensure realization of factual train speeds, as calculated by ,,TRAUKA®.
This totals at 5.82 km, which accounts for 30.33 percent of the length of
all curves.
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The analysis and assessment of our research have been compared
with results received by other authors. A comparison of results with those
of analogous research conducted by other authors showed that the average
train speed on curves is 132 km/h on railway line Vilnius—Klaipéda and
130 km/h on railway line KaiSiadorys—Kybartai in the author’s research
and 130.92 km/h, 124.5 km/h and 136.1 km/h in researches by other
authors. A comparison of the author’s research results with results of
other surveys is depicted in Figure 7.

138 4 136,1
_ 136
£ 1 132 130,92
'8" 132 4 5
2 130
£ 128 4
o 126 4 124,5
=3
g 124 A
>
< 122 4

120

our experiment Baluch, M. Baluch, M. Kozlov, V.J.

Fig 7. Average train speed on curve in surveys by various authors

The results of our surveys and those by other authors are different
due to different line lengths, weight of train units, number of cars and
stops, as well as other conditions.

Complex surveys were conducted to allow determining factual
train speeds reached on curves, when the projected speeds are up to
160 km/h for passenger trains and up to 100 km/h for cargo trains. With
these train speeds available, the author established a formula by the
monogram and calculated values of rising outer rail.

The result is as follows: the value of projected rising outer rail
should be in the interval 35-135 mm on the railway line Vilnius—
Klaipéda and in the interval 60—115 mm on the railway line KaiSiadorys—
Kybartai. The values received are close to the results received in
analogous researches by other authors: other authors found that the rising
outer rail should be 40-145 mm and 90-114 mm.

Results of our research are different from the results received by
other authors due to different maximum speeds reached by passenger and
cargo trains and the average speeds of train stream, existing curve
radiuses and other parameters.

19



Chapter Four is titled Application of Research Data for Solving
Tasks of Increase of Train Speeds. The chapter provides mathematical
models developed to determine the influence of certain factors upon train
speeds in the interval of changes. The full factorial experiment 2° was
chosen for the modeling because the highest permissible speed for
passenger trains on flat curves is linked with functional dependence of
three variable indicators.

The experiment is aimed to find a mathematical model and
determine whether the factors, without exceeding their permissible limits,
will influence the value expressed through the highest permissible speed
for passenger trains (v,,,,) on curve:

Vmax:f(xlﬂxZVx})’ (5)
where x,,x,, X, are factors marked by special symbols.

Various values of highest permissible train speeds will be received
when remodeling lines of railways of various categories when there are
various values of x,x, and x, or:

VY max :f‘(x[’xj»xk)' (6)

After choosing a first degree polynomial and conducting a factorial
experiment of plan2®, mathematical models were for the first time
received for practical application. The models allow calculating the
highest permissible speed of passenger trains depending on the following
factors: x,— flat curve radius R, m; x,— rising outer rail 2, mm; x,—
undamped cross acceleration a,, m/s’ when the factors (x,,x,,x;) are on

levels indicated in the plan matrix. In the case under research, eight
different values of highest permissible speeds of passenger trains on
curves were received, which were used for calculation of regression
coefficients of selected mathematical models. The coefficients indicate
the influence the relevant factor will have on the highest permissible train
speed v,,... The higher the coefficient value is, the more influence it will
have upon train speeds.
This way, the final mathematical model is as follows:

V... =200.68+43.57x, +73.25x, +31.86x, +15.9xx, +6.92x,x,-  (7)

The model shows that rising outer rail and curve radius will have
most influence upon the highest permissible speeds for passenger trains
(with these factors, the respective coefficients are 73.25 and 43.57).

In cases when undamped cross acceleration is fixed at
a,=0.7 m/sz, a factorial experiment 27 suffices for a mathematical model.
The experiment can be expressed in the following way:
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v, =184.75+40.105x, +73.245x, +15.9x,x, - (8)

The expression of the mathematical model shows that the train
speed on curve is mostly influenced by rising outer rail in this case as
well.

Proposals were made for determination of the minimum radius of
curves under reconstruction with the assessment of highest speed of
passenger trains and average speed of the train streams, as well as the
ratio between the two indicators. Projection of a minimum curve radius
on railway lines of mixed traffic required verifying the ratio of highest
permissible speed of passenger trains and the average speed of train
stream.

Theoretical calculations suggest that the average train speed is
directly proportional to the minimum curve radius, i.e., increase of the
speed would reduce the minimum radius of the curve under
reconstruction. Lithuanian railways are primarily used for cargo traffic, so
there is no possibility to increase the average speeds of railway stream
without increasing the speeds of cargo trains. When projecting the
minimum curve radius, it has to be determined based on the highest speed
of passenger trains and the average speed of train stream on curves.

Proposals are made to determine the minimum projected curve
radius on railway lines with mixed traffic by the graph of dependence
between highest speed of passenger trains and average speeds of train
streams.

A coefficient of economic effect has been determined based on
investments needed for reconstruction of curves and the profits expected
from saving passenger travel time per year on both railway lines
analyzed.

The coefficient of economic effect is 6 percent on line Vilnius—
Klaipéda and 14 percent on line KaiSiadorys—Kybartai. Investments
required for reconstruction of railway track curves on these lines will pay
off in 10 years if 8 high-speed daily trains are launched.

In the end of the dissertation, the author provides general
conclusions and proposals, a list of the author’s publications and
conference reports on the dissertation topic and references.

CONCLUSIONS AND PROPOSALS

An analysis of experiences of foreign countries that aim to increase
train speeds on existing railway lines leads to a conclusion that the
increase of train speeds on existing railway lines mostly depends on
small-radius flat curves of railway tracks. When a train is going at a high
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speed on a curve with low radius, emerging forces have a negative effect
on the train going conditions and the comfort of passengers. A higher
curve radius or a relevant rising outer rail on curve has to be equipped to
reduce the forces

1. Factors influencing train speeds on railways have been divided
into two groups: local factors that are restricted by their length on a
certain location of a railway line (small-radius curves, short transition
curves, lengths of straight sections between curves, rising outer rail,
switches, stations, road structures, crossings, defects and deformations of
track formations) and global factors that exist throughout the railway line
length (type and state of track superstructure, electrification system, if
there is one, alarm network and telecommunication network). The
dissertation addresses local factors — radius and rising outer rail of flat
curves of railway track.

2. There is a functional dependence among the curve radius, rising
outer rail, undamped cross acceleration and permissible train speeds,
therefore, the influence of parameters of flat curves on railway track upon
projected train speeds is assessed through the interdependence.

3. In order to increase train speeds on existing railway lines of
mixed traffic, specialists need to assess traffic conditions of all trains
because theoretical research suggests that increase of cargo train speeds
by a factor of 1.6 would reduce the minimum radius of the curve under
reconstruction by a factor of 1.8. Increasing the standard undamped
acceleration for passenger trains from a, ., = 0.6-1.0 m/s* (67 percent)
increases the maximum train speed by more than 12 percent.

4. We propose dividing existing flat curves into three groups on
the railway line under research by the value of the existing curve radius
and rising outer rail, as well as the achieved (projected) train speed on
curve. This enables to determine the exact influence of existing railway
track flat curve parameters upon projected train speeds on curves, which
allows determining the number of curves to be restructured and the length
of the track to be modernized (volumes of work).

5. Results of experimental research prove the assumption that the
position of curve on the railway line (distance from stations, distance
between next curves and gradient incline of longitudinal section) is a
significant factor influencing train speeds. Not all curves, which might
restrict the projected train speed on curve by the existing values of
railway track flat curve radius and rising outer rail, fall into the zone of
train speed. On both railway lines analyzed, the number of railway track
curves limiting the factual train speeds dropped by 20-30 percent.

6. An analysis and evaluation of results received from versions of
»TRAUKA® calculation and comparison of existing train speeds on
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curves with projected train speeds an increase of the average train speed
Av,,» km/h, has been determined at 46-52 percent and economy of

passengers’ travel time Az, min. of 20-30 percent. Calculation of an
economic effect leading from putting the research results into practice
showed the investments needed for reconstruction and the expected
economic effect coming from the saving of travel time by passengers. The
economic effect coefficient determined on both studied railway lines
indicates that the investments on the two railway lines would pay off
within a decade, at average.

7. The developed mathematical models show that out of the three
factors studied Vi = (6, X,,X5) (x,— flat curve radius R, m; x, — rising

outer rail s, mm; x;— undamped cross acceleration a,, m/sz) with

different variations of values the biggest effect upon train speed on curves
is produced by rising outer rail, while curve radius is another important
factor.
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BENDRAS DISERTACIJOS APRASYMAS

Darbo aktualumas

Pastaraisiais metais daug démesio skiriama tarptautinés reikSmés
gelezinkeliy plétros, modernizavimo, rekonstrukcijos ir prieziiiros
kokybés klausimy sprendimui, atsizvelgiant i besikeiciancius atskiros
Salies gyventojuy ir bendrus gelezinkeliy keliy vartotojy poreikius.
Gelezinkeliy transporto sistemos plétra daro jtaka atskiry $aliy ir regiony
gyventojy gyvenimo kokybei, kurig apibiidina sudétinga ekonominiy,
socialiniy ir politiniy veiksniy pusiausvyra.
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Ryty ir Centrinés Europos valstybiy gelezinkeliy transporto
sektorius techniniu, ekonominiu, technologiniu ir organizaciniu poziiiriu
yra moraliai pasengs ir gerokai atsilieka nuo Siuolaikiniy, moderniy ir
tarpusavyje efektyviai saveikaujandiu Vakary ir Siaurés Europos
gelezinkelio transporto sistemy. Esminiai trikumai: mazi traukiniy
vaziavimo greiciai, skirtingos jvairiose $alyse naudojimosi gelezinkelio
tinklu salygos (skiriasi infrastruktiirai keliami reikalavimai, projektavimo
normos, riedmenys), Zemas paslaugy lygis, triuk§mas ir vibracija,
nepakankamas eismo saugumo ir aplinkos apsaugos lygis. Labai svarbi
problema — traukiniy vaziavimo grei¢iy didinimas.

Pradétas kurti bendras Europos greityju gelezinkelio magistraliy
tinklas, prie kurio turi prisijungti ir Lietuva. Lietuvos gelezinkeliy
svarbiausias tikslas — pagrindinése gelezinkelio linijose padidinti
keleiviniy ir krovininiy traukiniy vaziavimo greiius. Traukiniy
vaziavimo grei¢iy didinimas néra vien tik techniné problema, kadangi
infrastruktiirai modernizuoti reikalingos nemazos investicijos, tai yra ir
ekonominis uzdavinys. Esamai gelezinkeliy infrastruktiirai modernizuoti
ir plésti reikia dideliy investicijy, kurios turi bati pagristos techniniais ir
ekonominiais  skaiCiavimais. Minimaliai  Lietuvos  gelezinkeliy
infrastruktiiros ir plétros programos vykdymui 2001-2007 m. kasmet
reikés maziausiai apie 305 min. Lt. Siy darby tikslas — didinti keleiviniy
traukiniy vaziavimo grei¢ius iki 160 km/h, o krovininiy traukiniy — iki
100 km/h. Traukiniy vaziavimo grei¢io didinimas trumpina keleiviy ir
kroviniy kelionés laika, o dél to gaunamas ekonominis efektas.

Gelezinkelio kelio plano kreivés sudaro nuo 20-35 proc. bendro
kelio ilgio. Traukiniui dideliu grei¢iu vaziuojant mazo spindulio kreive,
iSauga jégos, kurios veikia i kelig ir traukinio keleivius, sumazéje visy
tipy traukiniy eismo saugumas ir keleiviy komforto lygis. Tam jtakos turi
esami mazi kreiviy spinduliai ir kreivéje nejrengta iSorinio bégio pakyla,
kuri jrengiama siekiant sumazinti iScentrinés ir jcentrinés jégos veikima.
Didinant traukiniy vaziavimo greiius, keliami grieztesni reikalavimai
kelio konstrukcijai ir jos priezitrai kreivése. Labai svarbus inzinerijos
uzdavinys — nustatyti kreivés parametrus, pasikeitus gelezinkelio kelio
eksploatavimo salygoms, kurios priklauso nuo Salies topografiniy salygu,
keleivinio ir krovininio traukiniy eismo santykio, ekonominiy, socialiniy
ir politiniy veiksniy. VeikianCiose misraus eismo gelezinkelio linijose
kelio plano kreivése bitina patikrinti keleiviniy ir krovininiy traukiniy
vaziavimo greiéiy santyki.

Kreiviy spindulio didinimo darby kaina yra prilyginama naujos
linijos tiesimo kainai, todél reikia nustatyti, ar tikslinga rekonstruoti
esamas mazo spindulio kelio plano kreives, ar geriau tiesti nauja
gelezinkelio linija, skirta tik keleiviams vezti, (Lietuvoje tarp kity
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transporto Saky gelezinkeliy transportas uzima vos 2,7 proc. keleiviy
vezimo dalies, todél naujas gelezinkelio linijas skirtas tik keleiviams vezti
greitaisiais traukiniais tiesti kol kas nenumatoma). Bitent nuo keleiviniy
traukiniy eismo priklauso daugelis gelezinkeliy infrastruktiirai keliamy
reikalavimy (ribiniai greiciai, stoCiy jranga, kelio plano ir isilginio kelio
profilio parametrai) bei riedmeny parko plétros perspektyvos.

Visos iSvardytos priezastys nusako Sio darbo aktualumg ir
pagristuma.

Darbo tikslas ir uzdaviniai
Darbo tikslas: nustatyti gelezinkelio kelio plano kreiviy parametry
itaka traukiniy vaziavimo grei¢iams kreivése, iStirti ir pasidlyti
racionalius sprendimo biidus Lietuvos geleZinkeliy pagrindiniy linijy
traukiniy vaziavimo greiciy didinimo uzdaviniams igyvendinti.
Siekiant uzsibrézto tikslo, darbe sprendziami tokie uzdaviniai:

e iSanalizuoti uzsienio valstybiy panasiy tyrimy patirti, ja ivertinus ir
pakoregavus pagal vietinius specifinius veiksnius pritaikyti
Lietuvos salygoms;

e iSanalizuoti pagrindinius veiksnius, darancius jtaka traukiniy
vaziavimo grei¢iams, gelezinkelio kelio plano kreivése;

e sudaryti analitini gelezinkelio kelio plano kreiviy atrankos
algoritma, aprasant] gelezinkelio kelio plano kreiviy esamy
parametry itaka traukiniy vaziavimo grei¢iams. Sudaryti patikslinta
esamy gelezinkelio kelio plano kreiviy parametry tyrimo metodika,
siekiant padidinti traukiniy vaziavimo greicius.

e atlikti pasirinkty gelezinkelio linijuy eksperimentinius tyrimus,
kuriais itirti faktinius traukiniy vaziavimo greicius gelezinkelio
kelio plano kreivése, ir nustatyti, kaip juos veikia esami kreiviy
spinduliai ir iSorinio bégio pakyla bei kreivés vieta linijoje. Pateikti
tyrimo duomeny analizg ir vertinima;

e pasiilyti matematinius modelius esamy gelezinkelio liniju
traukiniy vaziavimo grei¢iy didinimo uzdaviniams spresti.

e nustatyti ekonomini efekta idiegus tyrimo rezultatus.

Mokslinis darbo naujumas ir originalumas

Darbe iSnagrinéti pagrindiniai veiksniai, darantys jtaka traukiniy
vaziavimo grei¢iams. Naudojantis detalia gelezinkeliy plétros,
modernizavimo, rekonstravimo ir prieziiiros problemy jvairiose pasaulio
Salyse sprendimy analize ir miisy atliktais Salies prioritetiniy gelezinkelio
linijy tyrimais, pagal autorés sukurta gelezinkelio kelio plano kreiviy
grupavimo algoritma ir parasyta kompiutering programa ,,Kreiv_gr,
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pirma karta tiriamose gelezinkelio linijose nustatyti pertvarkomy kreiviy
grupiy ilgiai, kreiviy parametry rekonstrukcijos darby apimtys ir
reikalingos investicijos naudotoju poreikiams ir gyventoju gyvenimo
kokybei gerinti. Traukiniy vaziavimo greiciy didinimo problemas sitiloma
spresti, vertinant esamy gelezinkelio kelio plano kreiviy spindulj, iSorinio
bégio pakyla, kreivés vieta linijoje bei faktinius pasiekiamus traukiniy
vaziavimo greiCius. Juos nustatyti naudojant specialia kompiutering
programa ,,TRAUKA®“, o ekonominius gelezinkeliy rekonstrukcijos
klausimus nagrinéti ir priimti sprendimus, naudojant kelio plano kreiviy
tyrimo rezultaty analizg ir i§davas.

Pagal pasiiilyta kelio plano kreiviy tyrimo metodika pirma karta
Lietuvoje tiriamose gelezinkelio linijose misy istirti kreivus kelio ruozus
apibiidinantys rodikliai biitini traukiniy vaziavimo grei¢iy didinimo
sprendimams tobulinti. Veikian¢iy gelezinkelio linijy traukiniy vaziavimo
grei¢iy didinimui, rekonstruojant kelio plano kreiviy parametrus, pagristi
atlikti specialiis moksliniai tyrimai.

Autoré sitlo modernizuojant gelezinkelio linijas, kelio plano
kreiviy parametry jtaka traukiniy vaziavimo grei¢iams nustatyti taikant
matematinius modelius. Suskaifiuotas ekonominis efektas pasickiamas
dél nustatyty keleiviy kelionés laiko santaupy.

Tyrimo objektas ir metodai

Darbe tirtas gelezinkelio kelio plano kreivés spindulys, iSorinio
bégio pakyla, kreivés vietos linijoje itaka projektuojamiems traukiniy
vaziavimo greiiams kreivése. Tiriamuoju aspektu tirtos dvi prioritetinés
Lietuvos gelezinkeliy linijos. ISnagrinéta esamo kreivés spindulio,
irengtos iSorinio bégio pakylos ir kreivés vietos itaka traukiniy vaziavimo
grei¢iams. Pasiiilytos galimybés didinti traukiniy vaziavimo greicius
tobulinant minimalaus projektuojamo kreivés spindulio nustatyma.
Minétas tyrimo objektas buvo tiriamas taikant teorinius, analizinius bei
matematinius statistinius metodus. Eksperimentiniams tyrimams buvo
naudojama kompiuterinés programos ,,TRAUKA® ir misy sukurta
HKreiv_gre.

Darbo aprobavimas ir publikacijos

Pagrindiniai darbo rezultatai pristatyti 5 tarptautinése ir 4
respublikinése mokslinése techninése konferencijose.

Disertacijos tema publikuoti 9 mokslo darbai, 3 i§ ju — Mokslo ir
studiju departamento patvirtinto leidiniy saraso Zurnaluose (zr.23-
24 psl.).
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Darbo struktiira ir apimtis
Disertacija sudaro ivadas, keturi skyriai, bendrosios iSvados ir

pasitlymai ir autorés publikacijy ir praneSimy disertacijos tema sarasas,
99 pozicijy literatiiros Saltiniy sarasas ir priedai. Disertacijos tekstas —125
kompiuteriu sumaketuoti ir 1,5 intervalo eilétarpiu i§spausdinti puslapiai.
Darbe yra 60 paveiksly ir 27 lentelés.

Ivade pagrindZiamas disertacinio darbo temos aktualumas, aprasyti
tyrimo objektas ir metodai, nurodytas mokslinis darbo naujumas ir
originalumas, darbo tikslas ir uzdaviniai.

Pirmame skyriuje iSanalizuotas tyrimo objektas — gelezinkelio
kelio parametrai bei traukiniy vaziavimo greicius gelezinkelio kelyje
ribojantys veiksniai. Analizuoti ir apibendrinti jvairiy $aliy mokslininky
atlikti tyrimai, skirti tiriamajai problemai sprgsti, apraSyta pagrindiniy
Lietuvos gelezinkelio linijy biiklé tiriamuoju aspektu, suformuluoti darbo
tikslas ir uzdaviniai.

Antrame skyriuje atlikta traukinio vaziavimo salygy gelezinkelio
kelio plano kreivéje analizé. Pateikti ir iSanalizuoti gulsciosios kreivés
spindulio ir iSorinio bégio pakylos jtakos traukiniy vaziavimo greiiams
tyrimai ir vertinimas. GelezZinkelio kelio plano gulsCiosios kreivés
spindulio, iSorinio bégio pakylos ir nenuslopinto skersinio pagreicio jtaka
traukiniy vaziavimo grei¢iams vertinama naudojantis jy tarpusavio
priklausomybémis.

Sudaryti maksimalaus leistinojo keleiviniy ir krovininiy traukiniy
vaziavimo greiciy priklausomybés nuo kreivés spindulio ir iSorinio bégio
pakylos prie norminiy nenuslopinto skersinio pagrei¢io reikSmiy grafikai.
Sudaryta nomograma iSorinio bégio pakylai nustatyti ir skai¢iavimo
formulei parinkti, kai veikianCiose gelezinkelio linijoje yra miSrus
traukiniy eismas. Atlikta formuliy analizé ir nustatytos ju taikymo ribos
bei galimybés. Pagal autorés sukurta gelezinkelio kelio plano kreiviy
grupavimo algoritma esamas kelio plano kreives sitiloma grupuoti i tris
grupes pagal tiriamoje veikiancioje gelezinkelio linijoje projektuojama
pasiekiamg traukiniy vaziavimo greitj kreivéje, esama kreivés spindulj ir
iSorinio bégio pakyla. Tai leidzia tiksliai nustatyti pertvarkomy kreiviy
skaiéiy ir suskaiciuoti kreiviy grupiy ilgi.

Treciame skyriuje sukaupta duomeny apie tiriamose gelezinkelio
linijose esancias kreives ir pagrindinius ju parametrus bei nustatyti
leistinieji traukiniy vaZziavimo greidiai. Sie duomenys apibendrinti ir
atlikta ju statistiné analizé (sudarytos histogramos ir skirsnio funkcijos).
Pateikta kompleksiniy eksperimentiniy tyrimy, atlikty kompiuterine
programa ,,TRAUKA®, tiriamose Lietuvos gelezinkelio linijose, rezultaty
analizé ir ju vertinimas. Eksperimentiniais tyrimais nustatyti faktiniai
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pasiekiami keleiviniy ir krovininiy traukiniy vaziavimo greiciai
konkrecioje tiriamos gelezinkelio linijos kreivéje, pagal kuriuos
skaiCiuotos iSorinio bégio pakylos reikSmés ir nustatyta skaiciavimo
formulé bei vertinta kreivés vietos linijoje itaka traukiniy vaziavimo
greiciams.

Atlikta eksperimentiniy tyrimy rezultaty analizé ir nustatyta, kad
kreivés vieta gelezinkelio linijjoje daro didele jtaka faktiniams
pasiekiamiems traukiniy vaziavimo grei¢iams.

I skirsnio funkcijos grafiky matyti, kad yra daugiau kaip 80 proc.
gulsCiyjy kreiviy, kuriose keleiviniai traukiniai negali pasiekti
projektuojamo 160 km/h, greicio, kai kreivés nagrin¢jamos kaip
izoliuotos. Atlikus kompleksinius eksperimentinius tyrimus vertinant
kreivés vieta gelezinkelio linijoje, nustatyta, kad misy tiriamose
gelezinkelio linijose, kreiviy ribojanciy traukiniy vaziavimo greicius
atsizvelgiant | esamus kreivés parametrus, sumazéjo 20-30 proc.

Visos tirtos kreivés sugrupuotos i tris grupes naudojant misy
sukurta kompiutering programa ,,Kreiv_gr“: 1 grupé — kreivés, kuriy
esami parametrai R; ir /; uZtikrina projektuojamus traukiniy vaziavimo
greicius v km/h; II grupé — kreivés, kuriy esama iSorinio bégio pakyla
riboja projektuojamus traukiniy vaziavimo greicius v km/h; 11T grupé —
kreivés, kuriy esamas spindulys riboja projektuojamus traukiniy
vaziavimo greicius v km/h (zr. 5 ir 6 lenteles).

Ketvirtame skyriuje sudaryti matematiniai modeliai esant
ivairioms kreivés spindulio, iSorinio bégio pakylos ir nenuslopinto
skersinio pagreic¢io reikSméms. SuskaiCiuoti regresijos koeficientai
parodo, kokia itaka turi atitinkamas veiksnys didziausiam leistinajam
traukiniy vaziavimo greiciui (zr. 7 ir 8§ matematinius modelius).

Pateikiami sitilymai minimaly projektuojama kreivés spindulj
misraus eismo gelezinkelio linijose nustatyti pagal sudaryta didziausio
keleiviniy ir vidutinio traukiniy srauto vaziavimo greiciy priklausomybés
grafika.

Nustatytas ekonominio efektyvumo koeficientas vertinant
investicijas, reikalingas kreiviy rekonstrukcijai, ir gaunamg pelna dél
keleiviy kelionés laiko santaupy per metus abiejose tiriamose gelezinkelio
linijose.

Darbo pabaigoje pateiktos bendrosios iSvados ir sitilymai, autorés
publikacijy ir praneSimy konferencijose disertacijos tema bei naudotos
literattiros saraSai.
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BENDROSIOS ISVADOS IR SIULYMAI

ISanalizave pasaulio $aliy, kuriose siekiama esamose gelezinkelio
linijose didinti traukiniy vaziavimo greicius, patirti, padaréme iSvada, kad
didZiausia jtaka, didinant esamose gelezinkelio linijose traukiniy
vaziavimo grei¢ius, daro kelio plano mazo spindulio gulsCiosios kreivés.
Traukiniui vaziuojant dideliu grei¢iu mazo spindulio kreive susidaro
jégos, kurios daro neigiama jtaka traukinio vaziavimo salygoms ir blogina
keleiviy komforta. Sioms jégoms mazinti jrengiamas didesnis kreivés
spindulys arba atitinkama iSorinio bégio pakyla kreivéje.

1. Veiksnius, darancius itaka traukiniy vaziavimo grei¢iams
gelezinkelio kelyje, suskirstéme i dvi grupes. 1. Lokalieji (vietiniai), kurie
yra apriboti pagal ilgj tam tikroje linijos vietoje (mazo spindulio plano
kreivés, trumpos virsmo kreivés, tiesiy intarpy tarp gretimy kreiviy ilgiai,
iSorinio bégio pakyla, ieSmai, stotys, kelio statiniai, pervazos, sankasos
defektai ir deformacijos); 2. Globalieji, kurie yra visoje gelezinkelio
linijoje (virSutinés kelio konstrukcijos tipas ir buklé, elektrifikavimo
sistema (jeigu tokia yra), signalizacijos tinklas, telekomunikacijos
tinklas). Siame darbe tiriame lokaliuosius veiksnius — gelezinkelio kelio
plano gulsciosios kreivés spindulj ir iSorinio bégio pakyla.

2. Tarp gulséiosios kreivés spindulio, iSorinio bégio pakylos,
nenuslopinto skersinio pagreicio ir leistinyjy traukiniy vaziavimo greiciy
yra funkciné priklausomybe, todél gelezinkelio kelio plano guls€iuju
kreiviy parametry jtaka projektuojamiems traukiniy vaziavimo greic¢iams
vertinama naudojantis jy tarpusavio priklausomybémis.

3. Siekiant padidinti traukiniy vaziavimo grei¢ius esamose miSraus
traukiniy eismo gelezinkelio linijose, reikia vertinti visy kreive
vaziuojanéiy traukiniy eismo salygas, nes teoriniy tyrimy rezultatais
nustatyta, kad krovininiy traukiniy vaziavimo grei¢iy padidinimas
1,6 karto sumazinty minimaly rekonstruojamos kreivés spindulj 1,8 karto.
Padidinus keleiviniy traukiniy nenuslopinto skersinio pagrei¢io norma
nuo 0,6 iki 1,0 m/s’ (67 %), maksimalus traukiniy vaZiavimo greitis
iSauga daugiau kaip 12 %.

4. Mes sitilome esamas kelio plano gulsCiasias kreives sugrupuoti |
tris grupes, tiriamoje gelezinkelio linijoje vertinant esama kreives
spindulio ir iSorinio bégio pakylos dydj bei pasiekiama (projektuojama)
traukinio vaziavimo greiti kreivéje. Tokiu buidu tiksliai nustatoma esamy
gelezinkelio kelio plano gulsCiosios kreivés parametry itaka
projektuojamiems traukiniy vaziavimo greiiams kreivése, kas leidzia
nustatyti pertvarkomy kreiviy skai¢iy ir modernizuojamo kelio ilgj (darby
apimis).
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5. Eksperimentiniy tyrimy rezultatai patvirtina prielaida, kad
kreivés vieta linijoje (atstumas nuo stoCiy, atstumas tarp gretimy kreiviy,
iSilginio kelio profilio nuolydis) yra reikSmingas veiksnys traukiniy
vaziavimo greiciams. Ne visos kreivés, kurios pagal esamus gelezinkelio
kelio plano gulsciosios kreivés spindulio ir iSorinio bégio pakylos dydzius
riboja projektuojama traukinio vaziavimo greitji kreive patenka |
didZiausio pasiekiamo traukinio vaziavimo greiio zong. Abiejose tirtose
gelezinkelio linijose, gelezinkelio kelio plano kreiviy, ribojanciy
pasiekiamus traukiniy vaziavimo grei¢ius, sumazéjo 20-30 % lyginant su
tyrimy rezultatais, kai kreivés tiriamos kaip izoliuotos.

6. Atlikus traukos skaifiuotés varianty rezultaty analizg ir
vertinima, lyginant esamus vidutinius traukiniy vaziavimo greicius abiejy
tirty gelezinkelio linijy kreivése su projektuojamais traukiniy vaziavimo
greiCiais, nustatytas vidutinio traukiniy vaziavimo grei¢io Ay, km/h,

didéjimas — 4652 % ir keleiviy kelionés laiko ekonomija A¢, min, — 20—
30 %. SkaiCiuojant ekonominj efekta, gauta idiegus tyrimo rezultatus,
nustatyta, kiek reikia investuoti i kelio plano kreiviy rekonstrukcija ir
koks gaunamas ekonominis efektas dél keleiviy kelionés laiko
sutrumpéjimo. Nustatytas ekonominio efektyvumo koeficientas abiejose
tirtose gelezinkelio linijose rodo, kad investicijos, reikalingos kreiviy
rekonstrukcijai, tiriamose gelezinkelio linijose atsipirks vidutiniskai per
10 mety.

7. Sudaryti matematiniai modeliai rodo, kad i$ nagrinéty trijy
veiksniy Vo = S (X, X, X,) (x,— gulsCiosios kreivés spindulio R, m; x,—
iSorinio bégio pakylos %, mm; x,— nenuslopinto skersinio pagreicio
an, m/s?) esant {vairioms ju reik8miy variacijoms, didziausig itaka
leistinajam traukinio vaziavimo greiciui kreivéje daro iSorinio bégio
pakyla (kai ;R = 1200m), o kitas svarbus veiksnys yra kreivés
spindulys.
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