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DETERMINING PERMISSIBLE SPEED OF TILTING TRAIN IN
CURVED TRACK

Purpose. The main purpose of the article is to determine the permissible speed of the air-cushioned tilting train
in curved track and to justify the expediency of operating this type of rolling stock on the railways of Ukraine
to increase the speed, improve the passenger comfort and save the energy due to more uniform high-speed train
driving. Methodology. The determination of the maximum permissible speed of the tilted train in curved track
involves the use of methods of linear and vector algebra and empirical formulas for applied scientific and technical
research. The calculation of the maximum speed is based on the principle of calculating centrifugal force for the
velocities that meet the safety criteria of movement on the horizontal unbalanced acceleration in the stable radius
curve. Findings. The results of the calculations showed that in the 1000 m radius curved track section, provided the
passenger comfort, the maximum permissible speed of the train without forced tilt is 132 km/h, and with the forced
tilt — 189 km/h. The velocity gain in the curve is about 30% and up to 10% on the section (depending on the number
of curves). Originality. The method of determining the permissible speed of the tilted train in curved track is
improved, which consists in determining the permissible centrifugal force acting on the train in the stable radius
curve, taking into account the passenger comfort conditions. Practical value. This method allows accurately deter-
mining the permissible speed on the condition of passenger comfort in the curved section and the required additional
tilt angle of the train, depending on the speed, curve radius and canting. Enhanced speed and comfort of passenger
trains in the future will increase the demand for rail services among the population and strengthen the position of rail
transport in Ukraine’s transport system.

Keywords: high-speed transport; rolling stock; body tilt system; centrifugal force; resultant force; curve radius;
canting

In order to solve the problem of introduction of
Introduction high-speed trains in Ukraine, it is necessary to ap-
ply the systematic approach that includes the
analysis of world experience, the study of the pre-
conditions for organization of high-speed trains in
Ukraine, ways of connecting the domestic railway
network with the European one, designing of high-
speed lines, which involves the development of
requirements and standards for plan and longitudi-
nal profile designing [5].
Another problem of the development of high-
speed transport is that virtually all infrastructure

Integration of Ukraine into the European com-
munity creates preconditions for a significant in-
crease in passenger and freight transportation vol-
umes. Under these conditions, the requirements for
transport are essentially new. The radical measure
to provide domestic and international passenger
transportation is the creation of a high-speed rail-
way network with access to the European network
and CIS countries [7].
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and rolling stock remained as inheritance since the
Soviet era. Therefore, the entire railway industry of
Ukraine is out-dated and needs a global upgrade,
consisting of:

— reconstruction of the track and the contact
network;

— modernization or renewal of the fleet of roll-
ing stock;

— complete replacement of signalling, centrali-
zation and locking devices with more modern ones
designed for high-speed traffic;

— replacement of the cargo and passenger train
operation model.

If Ukraine aspires to integrate into the transport
system of Europe, then the rail transport must meet
the European standards in terms of comfort,
reliability and security.

Such leading countries as Germany, France,
Italy, Spain, China and Japan are actively using
trains on air-cushioned suspension with body
forced tilt in curves to improve the speed and
comfort of passengers. This can significantly
reduce the effect of centrifugal acceleration on
passengers in curved track sections and rolling
stock vibration at high speeds [13].

Problem statement

On the railway lines, the possibility of speed
increasing in the track curved sections is limited by
the effect of transverse centrifugal acceleration,
acting on the rolling stock and passengers. It
increases in proportion to the velocity squared and
decreases in proportion to the curve radius. Also,
centrifugal acceleration creates the force that
pushes the rolling stock to the outer rail, which can
lead to the derailment. Passengers and locomotive
crew also experience the effect of centrifugal force,
which tries to throw them away from the centre of
the curve to the car side. This factor creates
considerable discomfort during the trip. Partially,
the action of the centrifugal force is reduced by
increasing the canting in the track curved sections.
In this case, some part of the centrifugal force
acting on the passengers is compensated.

If one installs the rail lines in the curve in one
level, then the centrifugal force, together with the
crew weight, will form the resultant force that can
go to the outer rail line. This force causes:

— increased wear of the lateral surface of the
outer rail;

— rebounds of the external rail;

— unpleasant sensations of passengers due to
unbalanced acceleration.

Maximum canting in Ukraine is 150 mm By the
permission of Ukrzaliznytsya, the maximum cant-
ing can amount to more than 150 mm, but this will
lead to uneven wear of rails and discomfort of
passengers at low speed [9].

However, the canting is not always enough to
increase the speed in the curve. This is due to the
fact that the canting is designed for the speed of
freight trains, which, as a rule, move at speeds up
to 80 km/h.

This problem is especially relevant for Ukraine,
since for the introduction of high-speed traffic, the
minimum radii of curves should be about 4 000—
5 000 m, and on the railway lines of Ukraine there
are curves with radii of about 500 m, which does
not meet the requirements of high-speed railway
lines. The increase of the curve radius is a
complicated process, expensive and, to some
extent, impossible, due to the densely populated
settlements and rail infrastructure. Thus, the tilting
rolling stock should solve the problem of the
implementation of high-speed traffic on the
territory of Ukraine. When using trains with such a
system, the part of the centrifugal force is
compensated.

Therefore, in this article, we strive to prove the
expediency of operation of the high-speed rolling
stock on the Ukrainian railway lines with the body
tilt system in the curved track sections in order to
increase the speed of passage of curves without
profile reconstruction and change. It will also
allow saving the energy through the steadier mode
of train driving.

Analysis of researches and publications

In the works by Redchenko E.S. [10],
Kurgan M. B. [6] and Zubko A. P. [1] the possibil-
ity of using the tilting rolling stock in Ukraine dur-
ing the organization of high-speed traffic was
already considered.

In order to determine the permissible speed of
the train with the body forced tilt in the curve the
work [10] proposes the following method.
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The vehicle moving in the curve is affected, in
general, by two main forces: gravity and
centrifugal force, which depends on the movement
speed and the curve radius. All forces acting on the
vehicle in the track curve are shown in Fig. 1

The centrifugal force is determined by the
formula:

Fe = ; )

where m — rolling stock mass, kN; V' — rolling stock
curve,

speed in the km/h; R -

radius, m.

curve

_/1

Fig. 1. Vehicle movement with additional tilt
of the body in curve

To reduce the effect of centrifugal force in the
curves, the outer rail is placed higher than the
internal one by the value of cant 4, m. Therefore,
the track is inclined with respect to the horizon at
the following angle:

. [ h
= — 1, 2
a arcsm(zsj 2)

where 25 — track width, m.

Due to this, a part of the centrifugal force is
compensated by the force of gravity, since in the
floor plane of the car the projections of the
foregoing forces are directed to the opposite sides.

Obviously, the result of the vectorial addition
of these forces will be some unbalanced lateral
force F, =F +Fg,.

To provide the greatest comfort for passengers,

the unbalanced lateral force should be equal to
zero. The projection of the centrifugal force must
be fully compensated by the gravity component:

V2

coso=mgsina,, 3)

where g — free fall acceleration, m/s’.

The profile of the curves is constructed with a
fixed optimal canting. But since trains move at dif-
ferent speeds, one should define «insufficient cant-
ing». The maximum canting is limited for reasons
of preventing the rolling stock tipping into the
curve when it stops or moves slowly and is equal
to A, =0,15m.

Insufficient canting can be compensated by
inclining the vehicle body with the help of addi-
tional force for the angle B, into such a position

that the body would occupy during movement in
the curve with the required canting of the outer
rail, i.e. h=h, +h
The condition for compensating the centrifugal
force for tilting trains can be written as follows:

max *

2
cos(a + B) = mg sin(a + ). 4

Consequently, the expression for the additional
angle of the body tilt will be as follows:

VZ
R-g)_a' ®)]

B= arctg(

The disadvantage of this method is that the au-
thor [10] does not take into account the condition
of passenger comfort on horizontal unbalanced
acceleration, and the additional angle of the body
tilt is determined with full compensation of the
centrifugal force, i.e. the unbalanced acceleration
in this case is equal to zero, and as it is known, the
permissible unbalanced acceleration is
a, =0.7 m/s’.

The authors in [6] and [1] propose the method
for determining the permissible speed of the tilting
train in the curve, which is as follows.

In circular curves, the permissible speed of
movement is determined by the safety criterion of
movement on the horizontal unbalanced accelera-
tion:
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V=36 /R(aU+%-hej, (6)

where 5, — estimated canting, mm; S — distance
between the rail top axes, 1 600 mm.

In modern vehicles, which during curve passing
have the body forced tilt into the middle of the
curve at the angle vy, the permissible speed in-
creases with the introduction of canting into the
formula (6), which is an additional compensation
for the unbalanced acceleration:

_m-S-siny
180

Substituting formula (7) into formula (6), we
obtain the permissible speed of the train with the
forced tilt of the body in the curve:

V=3.6\/R(ocU+§-(he+Ah)J. (8)

(7

The main disadvantage of this method is that
the authors [1, 8] do not perform calculations to
determine the additional angle of the train tilt y

during the curve passage, since the additional tilt
angle depends on the curve radius, movement
speed, canting and the maximum tilt angle
achieved by the rolling stock.

Purpose

Justification of the expediency of operation of
the air-cushioned rolling stock with tilt in curved
sections on the railways of Ukraine for increased
speed and comfort of passengers.

Methodology

The methodology for determining the
maximum permissible speed of the tilted train in
curved track involves the use of methods of linear
and vector algebra and empirical formulas for ap-
plied scientific and technical research.

The calculation of the maximum speed of the
tilted train in curved track is based on the principle
of calculating centrifugal force for the velocities
that meet the safety criteria of movement on the
horizontal unbalanced acceleration in the stable
radius curve.

Basic material

The modern high-speed trains have three main
systems of body tilt in curves: passive, active and
active-passive.

In passive tilt systems, the body is suspended
like a pendulum with a centre of rotation above the
body gravity centre. When moving in the curve,
the centre of gravity under the action of centrifugal
force is displaced externally, providing the
required angle of the body tilt. The tilt angle of the
passive system can be up to 3°-5°. In this case, a
significant part of the centrifugal force is
compensated, and the speed in the curves can be
increased by 14% [8].

In active systems, the tilt of the body is
performed with the help of special devices.
Hydraulic, pneumatic, electro-hydraulic and
electromechanical systems are used as a power-
driven mechanism of the body forced tilt. In order
to ensure correct operation of the system, the roll-
ing stock is equipped with a number of sensors,
which, depending on the speed, curve radius and
canting, determine the optimal angle of the rolling
stock tilt. Typically, the tilt angle of the active sys-
tems is 8°—10° [8], which makes it possible to
increase the speed to 25-30 %.

The active-passive tilt system can work both as
active and passive depending on the speed and the
desired angle of the body tilt. If you need to turn
the body to 3°-5° angle, then the system works as
a passive one. If you need to set a larger angle,
then the system starts to work as active. The
advantage of the passive tilt system is that there is
no need to spend energy for the body tilt and it has
simple and reliable design. And the advantage of
the active one is the greater maximum possible tilt
angle [5, 14].

In this paper, the method for determining the
permissible speed of movement in the curve with
the body forced tilt is as follows:

— determination of the permissible speed of the
train in the curve provided the passengers feel
comfortable;

— determination of the forces acting on the
train in the track curved section (centrifugal force
and gravity);

— determination of the permissible centrifugal
force in the curve subject to comfort;
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— determination of the resultant force for
centrifugal and gravitational forces;

— determination of the angle of deflection of
the resultant force vector at the permissible speeds
from the vertical axis Oy;

— determination of the angle of deflection of
the resultant force vector from the vertical axis of
the locomotive, which in turn is the desired angle
of the body tilt in the curve;

— determination of the permissible angle of
deflection of the resultant force vector from the
vertical axis Oy with the body forced tilt;

— determination of the value of the resultant
force and centrifugal force with the body forced tilt
in the curve;

— definition of maximum speed with the
maximum angle of the body tilt, which is provided
by the rolling stock design;

— construction of the graph showing the
dependence of the centrifugal force of the locomo-
tive on the speed in the track curve, the limitation
of the centrifugal force without body tilt, the limi-
tation of the centrifugal force with body tilt and the
limitation of the speed at the maximum angle of
the body tilt.

Increasing the speed of movement requires
much greater compliance with traffic safety
criteria. This is especially true for the tilting rolling
stock. In world practice, the following traffic
safety criteria are used:

— vertical acceleration, which arises during the
movement of the train in the curve section of the
longitudinal track profile;

— longitudinal acceleration associated with the
processes of braking and run-up;

— horizontal unbalanced acceleration, which
arises during the movement in the track curve in
plan;

— full acceleration, acting on the passenger;

— vertical acceleration occurring in the
passenger car body, caused by fluctuations, and
acting on a passenger;

— criterion of safety of movement on elastic
edging of a rail.

The criterion that influences the safety of the
passengers of the tilting train the most is the crite-

rion of comfort, that is, the criterion of safety of
movement on the horizontal unbalanced accelera-
tion.

As already noted, the permissible speed of
movement in the track curve in the condition of
comfort of passengers and locomotive crew is
determined by the largest value of unbalanced
acceleration o, =0.7 m/s’, which is specified on

the railways of the CIS countries. In justified cases,
in order to eliminate the speed limit on individual
curves depending on the locomotive type, the
transverse permissible unbalanced acceleration can
be increased to 1 m/s®, but not long-term and not
repeated. Permissible unbalanced acceleration for
freight trains, provided that the outer or inner rail
of the curve is not overloaded, is equal to
+0.3 m/s” [3, 12].

Different authors offer different formulas for
determining the permissible speed of movement in
the curved track. From the considerable volume of
literature, it is possible to define three most used
empirical formulas for determining the permissible
speed of passage of curves provided the comfort of
passengers and locomotive crew. Formula (9) is
given in [3], formula (10) in [11], and formula (11)
in [2].

V om =JR-(0.08-h+12,96 - 01, ) 9)

V erm =\/3.62-R-(%-g+aUJ (10

=3.6\R- (o, +0,00613-%)  (11)

According to the above formulas in Fig. 2 we
constructed the graph of dependence of the permis-
sible movement speed on the curve radius without
body tilt for the following conditions: the canting
h=50, =100 and /=150 mm, the curve radius
R =500...5000 m. Since the difference in the re-

sults obtained by formulas (9), (10) and (11) is less
than one per cent, so it makes no sense to construct
all three dependencies; it’s enough to just construct
the dependence by one of the formulas for three
different cants.

Vperm
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Fig. 2. Graph of the dependence of permissible movement speed on the curve radius:

1, 2, 3 — functions V'

perm

(R) with canting

by h=50, h=100 and # =150 mm, respectively

The vehicle moving in a curve, in general, is
affected by two main forces: gravity and
centrifugal force, which depends on the speed and
radius of the curve. All forces acting on the
locomotive in the curve are shown in Fig. 3. The
result of the vector addition of centrifugal and
gravitational forces is the resultant force.

For the calculation scheme of the forces acting,
the centrifugal force F., acting on the rolling

stock in the curve is determined by the formula (1),
and the angle of canting o is determined by the
formula (2).

Substituting in formula (1) the value of the
maximum permissible speed under the condition of
comfort, which is calculated by the formula (9), we
obtain the maximum permissible centrifugal force
acting on the rolling stock in the curved track.

The fig. 4 shows the graph of dependence of
the centrifugal force on the curve radius at
different speeds.

Fig. 3. Vehicle movement without body tilt
in the curve:

F, — gravity force; Fi.— centrifugal force;

F, r — Tesultant force of gravity and centrifugal forces;

o — angle between the vector of the gravity force and the
vertical axis of the rolling stock without body tilt and the angle
of canting; B —additional angle of rolling stock tilt; Y — angle

between the resultant force vector and the gravity force vector
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Fig. 4. Graph of dependence of the centrifugal force
on the curve radius at different speeds:
1, 2, 3, 4—functions F(R) at speeds of 50, 100, 150 and

200 km/h respectively;
5 — limitation of centrifugal force

The resultant force from the centrifugal and
gravitational forces is determined by the vector
addition and will be equal to:

F,=\F>+F}?. (12)

The force of gravity acting on the rolling stock
is determined by:

F.=mg. (13)

The basis of the method for determining the
permissible speed of the tilting rolling stock is the
definition of the maximum deflection angle of the
resultant vector without and with body tilt,
provided that the passengers feel comfortable. The
deflection angle of the resultant vector without
body tilt is equal to:

=arct fe
Y g F, .

For the greatest comfort of the passengers, the
resultant vector should be perpendicular to the
floor plane. Besides, this angle is an additional
necessary angle for the body tilt in the curve and is
determined by the formula:

F
=arctg| —< |—a.
P g[FGj

After the substitution and transformation of
formulas (14) and (15) we obtain:

(14)

(15)

(16)

sz
R-g'

V2
Bzarctg( J—a.
R-g

It is seen that the formula for determining the
additional angle of body tilt (17) coincided with
the formula (5), which is calculated according to
the method [1].

If we calculate the additional tilt angle by the
formula (15), it is worth noting that the additional
tilt angle can be not only positive, but also
negative. The negative tilt angle is formed when
the body is tilted in the direction opposite to the
turn. This is necessary in the case when the train
moves at a low speed in the curve with a suffi-
ciently high canting.

The permissible tilt angle of the resultant vector
to the vertical axis Oy with the body forced tilt is
defined as the sum of the deflection angles of the
resultant vector without body tilt and the required
additional tilt angle:

Y= arctg(

(17)

(18)

Now, the permissible resultant and centrifugal
forces with the body forced tilt will equal respec-
tively:

Yr=v7+B.

F
FRT= g (19)
T cosy,
FC.T = \/FR.T2 _FGZ . (20)

In order to determine the maximum permissible
speed of the tilting train under the condition of
maximum compensation of centrifugal force and
subject to the horizontal unbalanced acceleration, it
is necessary to solve the equation (17) in relation
to the unknown velocity V, taking the tilt

angle3=8°, since this tilt angle is the maximum

permissible for this type of rolling stock.

The maximum speed of the tilting locomotive,
provided that the resultant force is perpendicular to
the car floor, is determined as:

Vit =Jt€(0+B;)12.96- R - g .

ey
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The maximum speed of the tilting locomotive,
provided that the resultant force has the maximum
allowable tilt angle with the condition of comfort,
will be determined by the formula:

Va2 =18 (1 +B;)12.96 R g .

(22)

Findings

The Figure 5 shows the constructed graph for
determining the permissible speed of tilting train
movement in the curve. The graph shows the cen-
trifugal force acting on the rolling stock when
speed increases and a number of limitations: curve
1 is the permissible centrifugal force without body
tilt, curve 2 is the permissible centrifugal force
with body tilt, curve 3 is the function F,.(V) of

centrifugal force from the speed acting on the train
in the curve, curve 4 is the maximum speed limita-
tion provided that the resultant vector is perpen-
dicular to the body floor, curve 5 is the maximum

speed limitation with body tilt under the condition
of passenger comfort. The graph is constructed for
the following input data: train  speed
V' =0...250 km/h, curve radius R=1000 m, cant-
ing =100 mm, maximum angle of rolling stock
tilt B=28". For comparison, Table 1 shows the re-
sults of calculations of the permissible speed of
tilting train in the track curve according to the au-
thors’ methods [1, 6, 10] and the calculation meth-
od presented in this article.

As the graph shows, the maximum permis-
sible speed of the train without body tilt is
132 km/h, and with body tilt — 189 km/h. The
velocity gain in the curve R=1000 m is 30 %.

This result can be considered adequate, as it
coincides with the results of calculations
[1,6].

Similar dependences can be constructed for
other values of curves radii and canting.
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Fig. 5. Graph for determining the permissible speed
of tilting train movement in the curve
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Table 1
Results of calculations of the permissible train speed according to different methods
Method of calculating the per- L Speed ofthe train provi ded that Speed of the train with
. . . Speed of the train without the centrifugal force is fully .
missible train speed in the . . body tilt under comfortable
body tilt, km/h compensated by body tilt, -
curve conditions, km / h
km/h
Methodology Qescrlbed in 130.7 161.4 188.7
the article
Methodology of the authors
130.6 — 186.3
[L, 6]
Methodolog[}{5 ;)f the author B 161.4 B

Originality and practical value

The method for determining the permissible
speed of movement and the additional angle of
body tilt in the track curve of the tilting train is
improved. It takes into account the comfort condi-
tion by the value of the horizontal unbalanced
acceleration. This will allow more accurately
determining the speed of movement of this
type of rolling stock in the curved track sec-
tion.

Conclusions

1. As demonstrated by the calculations made,
the determining factors for the railways of Ukraine
affecting the train speed are the curve radii and
canting, which is designed for the movement of
freight trains.

2. The results of calculations indicate that the
maximum permissible speed of the train without
body tilt in the curve R=1000 m is 132 km/h,

and with body tilt — 189 km/h. The velocity gain is
57 km/h.

3. Having analyzed all the factors affecting the
movement speed and the obtained calculation
results, it can be concluded that this type of rolling
stock is expedient to be used on the railways of
Ukraine. This is due to the fact that in Ukraine
there are many curves of small radius that are
inappropriate and to some extent impossible to
increase.

4. Besides, due to more uniform maintenance
of high-speed train driving, it is possible to achieve
energy saving [4].

5. Putting into operation of the tilting rolling
stock on the Ukrainian railways will allow getting
the velocity gain of up to 30 % in the curve and up
to 10 % in the section (depending on the number of
curves). Increased speed of trains will considerably
strengthen the position of railways in the transport
system of Ukraine.
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BU3HAUYEHHS JONYCTUMOI HIBUAKOCTI PYXY MOI3J1A 3
NPUMYCOBHUM HAXHUJIOM KY30BA B KPUBUX JLJISTHKAX KOJIII

Merta. ['0JI0BHOIO METOIO CTATTi € BU3HAYCHHS IOITYCTHMOI IIBUIKOCTI PyXy MOI37a HA THEBMAaTUIHOMY IIi/IBi-
IIyBaHHI 3 MPIMYCOBAM HAXWJIOM Ky30Ba B KPHUBiil OUISHII KOJii Ta OOTpYHTYBaHHS JOIUIFHOCTI eKCILTyaTarii Ja-
HOTO THITy PyXOMOTO CKIIQJy Ha 3ali3HUIIX YKpaiau. L{e HeoOXigHOo ays 301MbIIeHHS MBUIKOCTI PYXY, ITiIBUIICH-
Hs KoM(OpTy Maca)XupiB Ta €KOHOMIi €eHEpPropecypciB 3a paxXyHOK OLTBII PIBHOMIPHOTO MIBHAKICHOTO PEXHMY Be-
neHHs noizna. Meroanka. BusHaueHHS MaKCHMabHOI JOITyCTUMOI IIBUAKOCTI PyXy MOi3a B KPUBIH 3 MPUMYCO-
BMM HaXWJIOM Ky30Ba Iepe0adae 3acTOCYBaHHS METOIIB JiHIHHOI, BEKTOPHOI alreOpH Ta eMITipHIHIX (HOPMYIT I
NPUKIIaIHAX HAYKOBO-TEXHIYHMX JOCIIKEHb. B OCHOBI po3paxyHKy MaKCHMAJIbHOI IIBUIIKOCTI PyXy 3aKiaJeHuH
NPUHIMI PO3PaxyHKY BiALIEHTPOBOI CHJIM JUISl IIBUAKOCTEH PyXy, SIKi BIANOBIJAIOTH KPUTEPIsIM Oe3MeKu pyxy 1o
TOPU30HTAIILHOMY He3aralieHoMy NPUCKOPEHHIO B KpHBIH cTajoro paxiyca. Pesyabratn. OTpumaHni po3paxyHKd
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MOKa3aiy, 0 B KpUBiH aAuaHII Komil pagiycom 1 000 M, 3a ymMmoBH KoMdopTaOenbHOCTI MMacakupiB, MaKCUMalbHa
JIOIyCTHMa IIBUAKICTh PyXy Noi3ga 0e3 MpuMycOBOIO HaXMily Ky30Ba ckiagae 132 kM/roa, a 3 IpUMYCOBUM HaxXH-
J0M Ky3oBa — 189 km/ron. IIpupict mBuaKOCTI B KpuBiii gopiBHIOE Oim3bko 30 %, ta no 10 % — Ha ginsgHOi (B 3a-
JISKHOCTI BiJl KimbKOCTi KpuBrX). HaykoBa HOBM3HA. ABTOpaMH YIOCKOHAJICHO METOJ BHU3HAYEHHS IOIYCTHUMOI
MIBUIKOCTI MMO137a 3 IPUMYCOBHM HaXIJIOM Ky30Ba B KpHBiil. BiH monsrae y BU3Ha4eHHi JOMYyCTUMOI BiIICHTPOBOI
CHIIM, fKa Ji€ Ha TMOi3[ y KpUBIH cTamoro pajiyca 3 ypaxyBaHHA yMOB KoM(opTaOerdbHOCTI MacakHpis.
IIpakTHyHAa 3HAYMMIicTh. [laHui MeTOx JO3BOJIAE JOCUTh TOYHO BU3HAYHUTH JOIyCTHMY IIBHIKICTH PYXY (3a yMoO-
BU KOM(OPTAOETHHOCTI MacaXupiB) y KPUBIH AUISHII Ta HEOOXiTHIHM JOJATKOBUH KyT HAXWIy HOi3/1a B 3aJI€KHOCTI
BiJI MIBUAKOCTI, pajiyca KpHBOi Ta MiJBHUIICHHS 30BHINIHBOI peiiku. 30LIbIICHHS IIBUAKOCTI pyXy Ta KoM(popTy
MacaXUPChKUX MOI3IB Y MalOyTHROMY MpU3BEAE A0 30UIBLICHHS MOMUTY Ha MOCIYTH 3aJi3HUYHOTO TPAHCIIOPTY
cepell HacelIeHHs Ta 3MILHEHHS MO3MILIH 3aJi3HUYHOTO TPAHCIIOPTY B TPAHCIIOPTHIN cucTeMi YKpaiHH.

Kniouo6i cnoséa: BUCOKOIIBUIKICHUM TPaHCHOPT; PyXOMHUI CKJIaJ; CUCTeMa HaXWIy Ky30Ba; BiALIEHTPOBA CHIIA;
piBHOIIOYA CHIIA; pajiiyc KPUBOT; MiABUILIEHHS 30BHIIIHBOT pEHKH
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OIIPEJIEJIEHUE JIOITYCTUMOM CKOPOCTH ABUKXEHUS MTOE3IA
C ITPUHY AUTEJBHBIM HAKJIOHOM KY30BA B KPUBbIX
YYACTKAX IIYTHU

Ieuanb. ['1aBHO LENbIO CTATHU SIBIISIETCS ONPEAECICHNUE TOIYCTUMOM CKOPOCTH ABMXKEHUS 110€3/1a Ha THEBMATH-
YEeCKOH MOABECKE C NMPHUHYAWTEIbHBIM HAKJIOHOM Ky30Ba B KPUBOM YYacTKE IIyTH M 0OOCHOBaHHE II€JIeCO00pa3HO-
CTH 3KCIUTyaTallly JJaHHOTO THIIA MOJBIKHOTO COCTaBa Ha KEJIE3HBIX JIOpOrax YKpauHbI IJIs1 yBEITHUCHUS CKOPOCTH
JBIYKEHHMS, TOBBIIICHNS KOM(OPTa NaCCAKUPOB U SKOHOMHHU SHEPTOPECYPCOB 3a cyeT 6ojiee paBHOMEPHOI'O CKOPO-
CTHOTO peKuMa BeJeHus noe3na. Meroauka. OnpesneneHre MakKCUMalIbHON JOIYCTUMON CKOPOCTH JBYMIKCHUS IO-
€3/1a B KpUBOH C NIPUHYJUTEIIHBIM HAKJIOHOM KY30Ba IIPEJyCMaTpPUBAcT IPUMEHEHUE METO/A0B JINHEHHOU, BEKTOP-
HOM anreOpbl ¥ SMIUPHYECKUX (GOPMYJ AJIsl IPUKIAJHBIX HayYHO-TEXHHYECKHUX MCCieaoBanuil. B ocHoBe pacuera
MaKCHMaJIbHOM CKOPOCTH JIBMIKCHUSI 3aJI0KEH IPHHIMIT pacdyeTa HeHTPOOSKHON CHIIBI JUIsi CKOPOCTEH JIBMXKEHUS,
KOTOpBIE COOTBETCTBYIOT KPUTEPHUSIM OE30MaCHOCTH JIBMXKECHUS 110 TOPH30HTAIEHOMY HENOTYIIEHHOMY YCKOPEHHUIO
B KPHUBOU MOCTOSIHHOTO paguyca. Pesyabrartsel. [lomyueHHble pacyeTsl MoKas3alu, 4YTO B KPUBOM y4acTKe ITyTH pa-
quycoM 1 000 M, mpu ycioBur KoM(opTadeIbHOCTH TacCaXUPOB, MAKCUMAJIbHAsL JOMYCTHMAasi CKOPOCTh JIBMKEHUS
noe3za 0e3 MPUHYIUTENFHOTO HAaKJIOHA Ky30Ba cocTaBisieT 132 KM/4, a ¢ MPUHYAWTEIbHBIM HaKJIOHOM Ky30Ba —
189 xm/4. IIpupocTt ckopocTH B KpHuBOi cocTaisieT okoio 30 %, u 1o 10 % — Ha ygacTke (B 3aBHCUMOCTH OT KOJIH-
yecTBa KpuBbIX). HayuyHasi HOBH3HA. YCOBEPIICHCTBOBAaH METOJ OMPEAEIEHHs IOMyCTUMOM CKOPOCTH IO€37a
C NPUHYANUTEIBHBIM HAaKJIOHOM Ky30Ba B KPUBOH, KOTOPBII 3aK/IIOYAETCS B ONPEAEIECHUH JOMYCTUMON LEHTPOOEXK-
HOW CHJIBI, IEMCTBYIOMIEH Ha MOE3/ B KPUBOU ITOCTOSHHOTO pajnyca ¢ YIeTOM yCJIOBUH KOM(pOPTaOeIbHOCTH Tac-
caxupoB. IlpakTHyeckass 3HAYUMOCTb. J[aHHBIM METOJ MO3BONIAET NOCTATOYHO TOYHO ONPEACTUTh JOIyCTUMYIO
CKOPOCTh JBIDKCHHS (IO YCIOBHIO KOM(OPTAOETHHOCTH MACCAKUPOB) B KPUBOI M HEOOXOAUMBIH JTOMOJHUTEIBHBIH
YToJI HakJIOHa oe3/1a B 3aBUCUMOCTH OT CKOPOCTH, paJnyca KpPHUBOI M BO3BBILICHUS HApY)KHOTO peibca. YBelnde-
HHUE CKOPOCTH JIBH)KEHHSI U KOM(OpTa MaccaknpcKux 1Moe310B B Oy/IyIieM NpHUBEIET K YBEJIMUYSHUIO CIpoca Ha yc-
JIyTH KEJIe3HOJOPO’KHOIO TPaHCIOpTa CPedu HACENCHHMS U YKPENUT MO3UIMU SKEIE3HOAOPOXKHOIO TpaHCIOpTa
B TPAHCIOPTHOM cUCTeME YKpauHBIL.

Kniouesvie cnosa: BHICOKOCKOPOCTHOM TPaHCIIOPT; HOABIKHOW COCTaB; CUCTEMa HAaKJIOHA Ky30Ba; IIEHTPOOEXK-
Hasl CUJIa; PaBHOAENCTBYIONIAs CUJIA; PAIyC KPUBOM; BO3BBILIEHUS HAPYKHOTO penbca
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