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RAILWAY TRACK REPRESENTATION IN MATHEMATICAL
MODEL OF VEHICLES MOVEMENT

Purpose. The tasks of modeling the interaction of track and rolling stock are basic ones for most areas of mo-
dern scientific research of railway transport. The compilation of the model by the principle of Lagrange d'Alembert
has found a very wide application for solving the problems of rolling stock dynamics. Representation of the railway
track in the model of vehicle movement can be implemented in several ways, which, among other things, will differ
in detail. The purpose of this work is to create a methodology for representing the railway track in mathematical mo-
dels of interaction with rolling stock and obtaining practical results for different characteristics and design of the
track and the level of maximum speed. Methodology. The problem consists of determining such track characteris-
tics as the reduced mass, the stiffness coefficient, and the dissipation coefficient. As a tool for solving this problem
we used the model of the stress-strain behavior of the railway track based on the joint use of the elastic wave propa-
gation equations to describe the topography of the part of the system that is involved in the interaction at a given
time and the equations of dynamic equilibrium of its deformation. This makes it possible to take into account the
dynamics of the deflection of the underrail base, which is especially important for the conditions of passenger traf-
fic, which can be carried out at high speed. Findings. The authors obtained theoretically justified stiffness and dissi-
pation coefficients of the railway track for calculating the dynamics of rolling stock in modern models based on sys-
tems of equations in accordance with the Lagrange d'Alembert principle. The established values, in contrast to those
given in other sources, have a reasonable dependence on the track design and the speed of movement.
Originality. The authors expanded the approaches of railroad track representation in models of rolling stock de-
scribed by systems of equations by the Lagrange-d'Alembert principle. The paper presents the developed method for
determining the characteristics of the railway track for such models is based on the results of variant calculations of
the dynamic deflection of the rail from the passage of the wheel. Practical value. The authors obtained the values of
the stiffness and dissipation coefficients of the railway track depending on the design and speed of motion for prac-
tical use in appropriate models of interaction between track and rolling stock.

Key words: railway track; interaction of track and rolling stock; railway track model; track stiffness; track dissi-
pation; dynamic track deflection; passenger traffic

scribed by systems with dozens of equations. De-
Introduction spite the fact that it is always being modeled the in-
teraction process between track and rolling stock,
the tasks of rolling stock research and those aimed
at the railway track research have fundamental dif-
ferences.
Today one can not recommend a single
mathematical model and, even, a single modeling

The tasks of modeling the interaction of track
and rolling stock are the basic ones for most areas
of modern scientific railway transport research.
Depending on the task being solved, one can use
both relatively simple, sometimes even flat calcu-
lation schemes and the developed models de-
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principle to solve the entire variety of tasks of
interaction between the track and rolling stock. It is
the problem definition should determine the
permissible  hypotheses and  assumptions,
obligatory factors of influence, possible accuracy
of the output data and sufficient accuracy of the
obtained results and other characteristics determin-
ing the choice of the adequate for this case model.

It is rather difficult to obtain satisfactory results
trying to combine simulation of rolling stock and
railway track operation. Therefore, the most com-
monly used are not general models, but
a staged modeling of processes in several different
models. Thus, in the models of rolling stock with
detailed accounting of dynamic processes in
a vehicle and maximal simplification of rail track,
the forces acting on the track are obtained. Further,
such forces become the initial load (usually
a simplified one to the static application of these
forces) in models with detalization of rail track
operation. This approach to the consistent applica-
tion of two fundamentally different models is be-
coming increasingly widespread today.

Models of rolling stock are, in most cases, sys-
tems of motion (oscillations) of a set of intercon-
nected solids. Usually, for the mathematical descrip-
tion of such models, the systems of differential
equations of the second kind, compiled according to
Lagrange-d'Alamber principle are used [1, 2].

As arule, it is taken a constant mass of interact-
ing bodies, linearity of the connections between
them, constant speed of motion, immutability of
geometry of the bodies themselves (the defor-
mations of system are determined by the change in
position of bodies, not by their own deformation),
the invariance of the physical (especially the elas-
tic ones) characteristics of bodies and so on. At-
tempts to eliminate such assumptions considerably
complicate solution of the equation system, and in
most cases, it makes impossible to obtain the solu-
tion with the necessary accuracy at all.

Particular attention should be paid to the fact
that the system of bodies, described by the La-
grange equations of the second kind may have
a local or global coordinate system. From the point
of view of mathematical tools, this does not have
a fundamental difference, but it has significant dis-
advantages for practical application. The local co-
ordinate system assumes that its center moves to-
gether with the system, as a rule it is located in the
center of the weight of the largest body, for

example, the car body. Then the coordinates of all
bodies at each step of calculation are moves rela-
tive to this point. At each step of calculation, they
have values about one order, both between them-
selves and between values at other steps. This ap-
proach provides a certain accuracy of results of
solving the equation system at each step in each di-
rection. However, with this approach, a vehicle
under study does not move along the track, but on-
ly fluctuates in one place. Local track inequalities
are set in the same local coordinate system, and the
global change in the motion trajectory is taken into
account as application of the corresponding exter-
nal forces. Thus, for example, the motion in
a curve is set by applying to the bodies of the cor-
responding centrifugal force.

Global coordinate system establishes a perma-
nent point of its center, the position of which does
not change during the entire sequence of calcula-
tions. It simplifies the mechanism for describing
the track position and makes it possible to set its
spatial position as an array of coordinates. The ad-
vantages of this approach are, first, the ability to
set any layout of the track, including the results of
outdoor shooting; and secondly, the forces arising
from changing the motion trajectory will be calcu-
lated as a consequence, not set as the source data.
However, all displacements of individual bodies of
car will also be determined relative to the origina-
Ily set coordinate center. This will increase the cal-
culation error.

Consequently, for the tasks in which it is the
rolling stock dynamics that is under study, the lo-
cal coordinate system is used - this is a more com-
mon variant. In some cases, when it is important to
study the motion dynamics, depending exactly on
the track geometry the global coordinate system is
used.

Modeling according to the principle of La-
grange-d'Alamber has found a very broad applica-
tion for solving the tasks of rolling stock dynamics.
In accordance with the principles of solid state me-
chanics it is assumed that the object has a constant
mass. The force applied to the object point instant-
ly leads to displacement of all its other points and
the body moves as one whole relative to the mass
center. The use of such an approach for modeling
the operation of a railway track construction may
take place, but for the most tasks it should be con-
sidered inappropriate. One can divide a railway
track into integral objects with a constant mass on-
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ly conditionally. Moreover, these masses will have
small displacement values, which will occur in
a short period of time.

Purpose

The work is aimed to create a methodology for
representing a rail track in mathematical models of
interaction with rolling stock and obtain practical
results for various characteristics and track design
and the maximum speed level.

Methodology

Rail track representation in the model of ve-
hicle movement can be carried out in several ways,
which, first of all, will differ in different detaliza-
tion.

One of the variants involves description of rail
track as an endless beam, which lies on an elastic,
non-inertial basis — the Winkler model. This model
is the basis of many static calculation schemes and
is adequate for many tasks. But such a system will
have an infinite number of freedom degrees, which
is inconvenient for inclusion in rolling stock mod-
els. An alternative is the Vlasov model, which
makes it possible to express displacement of the
beam (rail) points and underrail base through dis-
placement of the contact points of wheels and rails.

In this case, the general approach is maintained:
a system assembly of separate rigid bodies with
mass and connections between them. In the sim-
plest form it can be a tight connection of wheel
with a rail track, Fig. 1, a. Then the stiffness of
such a bearing reduced to one wheel can be deter-
mined by the formula

kt = 1)

where U — is an elasticity modulus of underrail
base; k —relative stiffness coefficient.

This variant is rarely used. The absence of
a dissipative connection makes the system too sen-
sitive to the swing: the accumulation of errors in
the solution of equations can lead to continuous
oscillations.

In most cases, it is used the variant where each
wheel has a rigidly dissipative connection with the
reduced part of the rail track — Fig. 1, b.

Today, it is spreading the tendency to take into
account the track inertia, that is, a track (or its in-
dividual elements) should have a mass, which

makes it an integral object of the mass oscillation
system and makes it possible to detalize for sepa-
rate components. The weight implies the so-called
«reduced mass» — that is, the one interacting with
the wheel. Sometimes it means the mass of rail,
sometimes — the mass of the track upper structure
(again, reduced to one wheel). It is clear that in any
case this mass is conditional, its value should
change in the process of interaction, but systems
based on the Lagrange-d'Alamber princile make it
impossible to use variable masses. In addition, the
railway track operates in the conditions of elastic
deformations that can not be fully identified by the
displacement of mass centers of rigid bodies.

Depending on the detalization degree of subsys-
tem «rail track», the following variants are possible:

— the reduced mass of rail is taken into ac-
count; it is assumed that the rail and the wheel, as
an object with their total mass, have a rigidly dissi-
pative  connection  with  underrail  base,
Fig. 1, c;

— it is taken into account the reduced mass of
rail, which has a rigidly dissipative connection
with underrail base; to separate the wheel mass
from the rail between them a rigid connection,
(with a large numerical value) is established,
Fig. 1, d;

— it is taken into account the reduced mass of
the track is taken into account, which has a rigidly
dissipative connection with the base, Fig. 1, e;

— it is taken into account the weight of sleeper
(interacting with the wheel), which has a rigidly
dissipative connection with under sleeper base on
the one side and with a rail on the other (as a rule,
unimportant one (Fig. 1, f), although there may be
the variants of rail mass separation too (Fig. 1, g);

— it is taken into account the weight of sleeper
(interacting with the wheel), which has a rigidly
dissipative connection with the rail on the one side
and with ballast on the other, which has a rigid
connection with sub-ballast base (Fig. 1, f).

The given classification is developed on the ba-
sis of works [1, 2, 6, 7, 9-11], and others.

From the point of view of vehicle movement
modeling the variants from "f" (see Fig. 1) and fur-
ther are not specify the calculation results as they
complicate the general system of equations and can
be identically referred to the variant "e" or even
simpler ones. Such detalization takes place when
trying to simulate the railroad operation itself.
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Fig. 1. Options for rail track representation in the model based
on the Lagrange-d'Alamber equation system:

1 —wheel; 2 -

rail; 3 — underrail base; 4 — conditional object with a weight

of a track, reduced to one wheel; 5 — immovable foundation; 6 — sleeper;
7 —under sleeper base; 8 — sub-ballast base

Thus, the task of presenting a rail track in mo-
dels of rolling stock is reduced to determining cha-
racteristics of connections between its elements
and the wheel. They can be obtained either by
purely analytical approaches, or according to the
results of dependences of the track deflections on
the applied load. The latter variant can be imple-
mented either experimentally according to the re-
sults of field measurements, or theoretically based
on the results of variant calculations using cor-
responding models of the stress-strain behavior of
the rail track. A similar problem was solved by

Prof. O. M. Darenskyi in the work [3]. This work
based on analytical calculations determines the
support rigidity reduced to one wheel, for the zone
of rail joints in the conditions of industrial
transport operation.

In order to solve such problem for mainline
transport, especially for the conditions of passen-
ger traffic, which can occur at high speed [4], one
of the important characteristics of the rail track
model which can be applied is the ability to take
into account the dynamics of the underrail base de-
flection.
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Thus, the task consists of determining such
characteristics of the track as the reduced mass, ri-
gidity coefficient, and dissipation coefficient. To
solve the task let us consider the following calcula-
tion scheme, Fig. 2.

=
%kt |_|L|Bt
4

Fig. 2. Calculation scheme of track operation
reduced to one wheel

P(t)

Operation of the track reduced to one wheel is
considered as a system with one freedom degree
consisting of mass that has a rigid (k,) and dissi-
pative (f,) connection with the base. An external
force (P) variable in time is applied to the system.
Such calculation scheme is identical to the rail
track representation in the Lagrange-d'Alamber
models shown in the Fig. 1, e, but, if necessary, it
can be reduced to the other variants.

z(x)=Ce™

[(mz +2k? —4rk, )cosk,x +(o? — 2k? )sin ktx]e’k"‘

Differential equation for describing fluctuations
of such system WiII have the following form

dt2+B‘ +kz=P(t). 2)

If one integrates along the length of the covered
distance, then

d?z dz
my?— o A
where V —is the movement speed.
The equations (3) are reduced to the classical
form

+ktz=P(x), (3)

2 P(x
d—§+2r£+m22: ( ) (4)
dx X H
where r = B To= J ktz;Hzmtvz.
2my’ T \my
The force will be presented using the
expression
P(x)=Ae™ (coskx +sinkx), (5)
where A — is the parameter determining the force
amplitude.

Then solution of the equation (4) will have
following form:

(coswx +sinmx) + e

k w? +2k2 — 4rk,

o’ — 4rk,0” + 4k, +8r’k? —8rk}

where C =i
m\V

Let's assume that the wheel covers the distance
from one axle between sleepers to the other, Fig. 3,
and then the process is cyclically repeated. This
approach corresponds both to the models in which
the vehicle (wheel) movement along the track is
conditional (wheel position relative to the track
does not change in the local coordinate system, and
movement relative to the track is taken into ac-
count by applying the corresponding external
forces (accelerations, constraints), and the models
in which movement along the track is set in expli-
cit form, taking into account the wheel position
along the track length.

2( 22U o —4rko® +4k? +8r’k’] —8rkt3] '

1/2 | 112

Fig. 3. Sample limits for deflection
dependence on the strength
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As a tool for solving such a problem it was
used a model of stress-strain behavior of the rail
track based on combination of equations of elastic
wave propagation to describe the geometry of the
outline of the part of the system space that is in-
volved in the interaction at a given time and the
equations of dynamic equilibrium of its defor-
mation [5].

Findings

According to simulation results of the dynamic
deflection of the rail, one can establish its depend-
ence on the applied force. As noted above, this de-
pendence will be determined in the area

I i -
XE[OiA], where | is the distance between

the sleeper axes. Example of the obtained deflec-
tions when the support is load-unloaded by a wheel
for the area with elasticity modulus of underrail
base of 32 MPa is shown in the Fig. 4

7= f(kt,Bt,mt, P);Zm :{Zm(i) =

f(P)}iR :Z(me - Z)z;

2400 —~ 5
2300 —
" P i
£2200 / el i
S 2100 ™~
g
% 2000
o
1900
136 138 140 142 144 146
Force, kN

Fig. 4. Deflection of rail track
according to modeling:
1 — statics; 2 — 80 km/h; 3 — 160 km/h; 4 — 240

Formula (6) shows the analytic dependence of
the deflection on the force. Thus, the track charac-
teristics can be determined as a result of approxi-
mating the data array of deflections obtained by
modeling (Z,,) by function (6). Approximation al-
gorithm according to criterion of the least squares:

3K, € (Kigniny Kignary )» 3Bt €] 03By )» IM; €] 05 My g ) - R — mi; (7)

Ke # Kigminy s Kt # Kimaxy s Bt # Brimaxy s My # Me(max) -

The calculation results are summarized in the
Table 1. They make it possible on reasonable
grounds to set the rail track characteristics for the
rolling stock modeling according to Lagrange-
d'’Amberm principle. Analysis of results showed
that application of reduced mass of track objects in
such models is appropriate in cases when there is
no complete deflection of the rail occurring at
a sufficiently high speed [8], or in cases of simula-
tion of stress-strain state of directly separate ele-
ments of the rail track.

Originality and Practical Value

Theoretically proved stiffness and dissipation
coefficients of the rail track for calculations of roll-
ing stock dynamics in modern models based on the
Lagrange-d'Alamber equation systems are ob-
tained. The established values as opposed to those
given in other sources have a substantiated de-
pendence on the track structure and movement
speed.

Table 1

Characteristics of railway track as a support when
interacting with a wheel

U, | Indica- Movement speed, km/h

MPa | tor 80 | 120 | 160 | 200 | 240 | 280
kt’ 47.4 | 48.2 | 495 | 51.2 | 53.2 | 55.3
MN/m

21
Be. kN 100 | 70 60 40 40 40
s/m
e 62.6 | 63.1 | 63.9 | 65.0 | 66.2 | 67.7
MN/m

32
Be. kN 130 | 80 70 60 50 50
s/m
K, 97.2 | 97.9 | 98.6 | 99.4 |100.4|101.8
MN/m

57
Be. kN 210 | 160 | 110 | 90 80 70
s/m
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The stiffness and dissipation coefficients of the
rail track as a support reduced to interaction with
the wheel in the models of vehicle movement are
determined not only by the elasticity of the under-
rail base layers, but also have a direct and inverse

Conclusions The approaches of rail track representation in
the rolling stock models, described by the equation
systems based on the Lagrange-d'Alamber princi-
ple are expanded. The value of rigidity and dissipa-
tion coefficients of the railway track depending on
its design and speed are obtained.

dependence on the movement speed, respectively.
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Mera. 3ana4i MoJIeNIOBaHHS B3a€MOJIT KOJIIT Ta pyXOMOTo CKiaay € 0a30BUMHM sl OUIBIIOCTI HANPSIMKIB CY-

YaCHMX HAyKOBHMX JIOCHIKEHb 3ali3HWYHOTO TpaHcmopry. CkimamaHHA Mojenmi 3a mnpuHOMNoMm Jlarpamka-
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1’ AnamOepa 3HaHILIO MIMPOKE 3aCTOCYBAaHHS Ul BUPILICHHS 3a7a4 AMHAMIKKM pyxoMmoro ckiany. [IpencraBieHHs
3aJTI3HUYHOI KOJIT y MOZedi pyXy eKinaxiB MOXe 3A1HCHIOBATHCS JIEKUIbKOMa Crioco0amH, siKi, cepeq] iHmoro, 0y-
IIyTh BiIPI3HATHUCS Pi3HOIO AeTamizamiro. MeToro qaHoi poOOTH € CTBOPEHHS METOAWKH MIPEICTABICHHS 3alI3HUIHOL
KOJIi y MaTeMaTUYHHUX MOJEIIAX B3a€MOJII 3 PyXOMHM CKJIaJIOM Ta OTPUMAHHS NPAKTUYHHUX PE3yJbTaTiB Ul Pi3HUX
XapaKTePUCTHK 1 KOHCTPYKIIiH KoJIii Ha piBHI MakcHMabHOI mBHAKOCTI. MeToanka. 3aiada TOCTiHKeHHS CKIaia-
€ThCS 3 BU3HAUCHHS TaKMX XapaKTEPUCTHK KOJIii: MpUBeaeHa Maca, KOeimieHT >KOPCTKOCTI, KOe]imieHT AUCUTIAILI.
Sk iHCTpYMEHT U1 i po3B’s3aHHA Oylla 3aCTOCOBaHa MOJEINb HAIMPYKEHO-Ie(pOPMOBAHOTO CTaHy 3AIi3HHYHOI KO-
J1ii, OCHOBaHa Ha IMO€JHAHHI PIBHAHb MONIMPEHHS MPYXHOI XBWIII JUIS OIMCY TeOMeTpii 00pUCy YaCTHHU MPOCTOPY
cUCTeMH, 110 3ajlydeHa JI0 B3a€MOJIIl Ha JaHUi MOMEHT 4acy, Ta PiBHSHb JUHaMIuHOI piBHOBard ii nedopmanii. Le
Jla€ MOXJIMBICTh ypaxyBaHHS AWMHAMIK{ IPOTHHY IMiAPEHKOBOI OCHOBH, III0 OCOOJIMBO BAXKIIMBO JUIS YMOB IaCaKUP-
CBKOTO PYXY, SIKMI MOKe BiOyBaTHCS 3 BUCOKOIO HIBHJKICTIO. Pe3yabTarn. OTprMaHi TEOPETUYHO OOIpyHTOBaHI
Koe(iLiEHTH MKOPCTKOCTI Ta JUCHIALi] 3a1i3HUYHOT KOJIT U1l pO3paxyHKiB AMHAMIKHA PyXOMOTO CKJIaly B Cy4acHHX
MOJIETISIX Ha OCHOBI CUCTEM piBHSHB, CKIIaJICHUX 3a NpHHIUIIOM Jlarpanxa-n’ Anambepa. BeraHoBieHi 3HaYeHHS, Ha
BiIMiHY BiJ HaBEJICHUX B iHIINX IPKEpesax, MalOTh OOTPYHTOBAHY 3aJICKHICTh, IO MOENHYE KOHCTPYKINI KOJil Ta
MIBUAKOCTI pyxy. HaykoBa HoBu3Ha. Po3mmpeHi miaxoam npeacTaBieHHs 3alli3HHYHOT KOl y MOAENAX PyXOMOTo
CKJIa[ly, ONMCaHUX CHCTEMaMH PiBHSIHB 3a MpHHUUIOM Jlarpamka-n’ Anamoepa. Po3pobieHa MeToMka BU3HAUCHHS
XapaKTEePUCTUK 3aTi3HMYHOI KOJii JUIA TaKUX MoJeiei 3a pe3ylbTaTaMd BapiaHTHUX PO3PAXYHKIB IHMHAMIYHOTO
MIPOTHHY PEHKH BiJ MPOXOKEeHHS Kojieca. [IpakTHYHA 3HAYMMIiCTh. ABTOpaMH OTpUMaHi 3HaUYeHHS KoeillieHTiB
YKOPCTKOCTI W JAUCUMALIi 3aTi3HHYHOI KOJIi1 3aJIeXKHO Bif ii KOHCTPYKIIT Ta MIBHIKOCTI PyXy IUIA MPAKTHUIHOTO 3a-
CTOCYBaHHS Y BIAMOBIAHAX MOJIEIIAX B3a€MOIIT KOJIIT 1 pyXOMOTO CKIIany.

Kniouosi cnosa: 3anizHMYHA KOJis; B3a€EMOJIS KOJII Ta PyXOMOTo CKJIaay; MOJENb 3aJli3HUYHOI KOJIl; )KOpCT-
KIiCTh KOJIiT; TUCHIALlisl KOJii; AMHAMIYHUI MPOTHH KOJIii; MacaXupChbKuil pyx
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HPEACTABJIEHHUE KEJIE3HOJOPO’KHOI'O IIYTU _
B MATEMATHYECKOU MOJEJIN IBUKEHUSA SKUITA’KEN

Hens. 3agaun MoaeMMpOBaHHUS B3aUMOJCHCTBUS ITyTH W TOJBIKHOTO COCTaBa SBISIOTCS 0a30BBIMHU UIS OOJB-
IIMHCTBA HATPaBJIEHHI COBPEMEHHBIX HAyUHBIX HCCIEI0BAHNHN KEIE3HOJOPOKHOTO TpaHcmopTa. CocTaBiIeHHE MO-
Jenu no npuHiuny Jlarpamka-n’ AnamOepa Haluio MUPOKOe MPUMEHEHHUE I pElIeHHs 3a7ad TUHAMUKH [TOIBH K-
HOTO cocTaBa. lIpeacTaBieHue Kele3HOA0POKHOTO MyTH B MOJIEIH JBUKECHUS SKUIMAKEH MOXKET OCYIIECTBISATHCS
HECKOJIbBKUMU CIIOCOOaMM, KOTOPBIE, CPeIU poUero, OyayT OTIMYaThCs AeTann3anuei. Llenbio nanHoit paboThl sB-
JIIETCSl CO3/IaHMe METOJIMKH TPEACTaBICHUS JKEJE3HOMIOPOKHOTO MyTH B MATEMaTUYECKUX MOJEINSAX B3aUMOJCH-
CTBUS C TIOJIBJKHBIM COCTaBOM M TOJIYY€HHE MPAKTHUYECKHX PE3YJIbTAaTOB JUIsl PA3HBIX XapaKTEPUCTHK, KOHCTPYK-
Ui TyTH Ha YPOBHE MaKCHMaJIbHOM ckopocTH. MeToauKa. 3aada UCCISIOBAHHS COCTOUT 3 ONPEISIICHIS TAKIX
XapaKTepUCTHK IYTH. MPHUBEICHHAS Macca, KOAQQPHUIUEHT KEeCTKOCTH U Kod(h(UIIMEHT Auccumanuu. B kadecTBe
HHCTPYMEHTA JUIS €€ PelICHUs OblIa HCIOJIh30BaHA MOJICNh HATIPSHKEHHO-Ie()OPMUPOBAHHOTO COCTOSHUS JKEIE3HO-
JIOPO’KHOT'O MyTH, OCHOBaHHAsi HA COBMECTHOM HCIIOJIb30BAHUM YPaBHEHHUH PaclpOCTpaHEHUs YNPYTuX BOJH IS
ONHMCAHUS T€OMETPUU OUYEPTAHMsI YaCTH NMPOCTPAHCTBA CUCTEMBI, KOTOpas 3a/JeWCTBOBaHA BO B3aUMOJIECHCTBUM Ha
JAaHHBIA MOMEHT BPEMCHH, M YPaBHCHHU JMHAMHYECKOTO PaBHOBeCHs ¢ JeopManuu. JTO JaeT BO3MOXKHOCTB
y4ecTb TWHAMUKY Iporuda MmoaApebcoOBOTO OCHOBAHUS, UYTO OCOOCHHO BaYKHO JIJISl YCIOBUH MACCaAKUPCKOTO JBUXKE-
HUSI, KOTOPOE MOXKET OCYIIECTBISATHCS C BBICOKOH CKOpOCThIO. Pe3dyibrarhl. [lomydeHsl TeopeTnieckn 000CHOBaH-
HbIe KOA(PGHUIUEHTHI KECTKOCTH M JUCCHUITAINN KEJIE3HOIOPOKHOTO MYTH I pacdeTOB JUHAMUKH TIOJBUXKHOTO
COCTaBa B COBPEMEHHBIX MOJENSX Ha OCHOBE CHCTEM YypaBHEHWH, COCTaBIEHHBIX MO NpuHiumy Jlarpanxka-
1’ AmamOepa. YCTaHOBIIEHHBIE 3HAUEHUS, B OTJIMYKME OT MPHUBEICHHBIX B IPYTMX HCTOYHUKAX, UIMEIOT 0O0OCHOBaH-
HYIO 3aBHCHMOCTB, KOTOpasi OObEMHSET KOHCTPYKIIUH ITyTH U CKOpOCTH ABmkeHus. Hayunasi HoBu3Ha. Paciupe-
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3AJIIBHUYHA KOJIISA

HBI MOJXO/BI NMPEICTABICHUS KEJIE3HOIOPOKHOIO IMyTH B MOJAENISX MOABMKHOIO COCTaBa, ONUCAHHBIX CHCTEMaMHU
ypaBHeHHH 1o npuHLmy Jlarpamxa-n’Anambepa. Paspaborana MeToanka onpeneneHus: XapaKTepUCTUK JKeJIE3HO-
JIOPOXKHOTO ITyTH ISl TAKMX MOJENICH 10 pe3ynbTaTaM BapHaHTHBIX PacdeTOB AMHAMUYECKOTO MPOTrHOa pesbca oT
npoxoxaeHus koneca. [IpakTuyeckasi 3HAYMMOCTb. ABTOPaMH IOJTydEeHBI 3HAYCHUS KO3()(DUINECHTOB KECTKOCTH
U JUCCHUIANUH KEIE3HOAOPOKHOTO MYTH B 3aBUCHMOCTH OT KOHCTPYKIIMH M CKOPOCTH JBIDKCHUS JUIA IIPaKTHYe-
CKOTO MCHIOJIB30BAHUS B COOTBETCTBYIOIINX MOJETAX B3aMMOJEHCTBHS IIyTH ¥ OABHXHOTO COCTABA.

Kniouegvie crnosa: »ene3HONOPOKHBIN ITyTh; B3aMMOAEHCTBHUS ITyTH U MOIBMXHOTO COCTaBa; MOZETb JKEIE3HO-
JIOPOXKHOTO ITyTH; )KECTKOCTD ITyTH; UCCHUIIAIMS ITyTH; IMHAMUYECKHN TPOTUO MyTH; NaCCaKUPCKOE JIBIKECHNE
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