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FEATURES OF PERCEPTION OF LOADING ELEMENTS OF
THE RAILWAY TRACK AT HIGH SPEEDS OF THE MOVEMENT

Purpose. Increase the train speeds movements requires not only the appropriate technical solutions, but also me-
thodological-calculated. Most of the models and methodologies used for solving problems of stress-strain state of
the railroad tracks, are based on assumptions and hypotheses adequate only for certain speeds. In the framework of
this work will be discussed theoretical background of the changing nature of perceptual load elements of the railway
track at high speeds and investigated the numeric parameters of the processes by means of mathematical modeling. As
a practical purposes is expected to provide the levels of train speed, the boundaries of which can reasonably exclude the
possibility of occurrence of the considered effects. Methodology. To achieve these objectives was used principal new
model of railway track based on wave propagation theory stresses in the elastic system to study the impact of the mov-
able load, take into account that the deflection in a particular section of the road starts even while the wheels at some
distance, and moving the wheels farther from the selected section of the wave front elastic strain continues to spread.
According to the results of simulations explores the changing shape of the wave front voltages in time for the founda-
tion under the rail. If the train speeds substantially less than the velocity propagation of elastic waves, the wheel re-
mains in the area implemented deformations. Findings. Alternative calculations for various parameters of the railway
track (especially for different soil conditions) determined the levels of train speed, the boundaries of which can rea-
sonably exclude the possibility of occurrence of the considered effects. Originality. The proposed theoretical study and
implementation in the form of mathematical models for processes that occur in the perception of load elements of the
railway track at high speeds. Practical value. According to simulation results obtained levels of speeds, which define
the appearance of the considered dynamic effects in the base under the rail, can be used to justify path construction or
establishment of appropriate values of allowable velocities for the implementation of traffic at high speeds.

Keywords: superstructure; high-speed movement; tension of rail; rail deflection; wave model; slab track; ground
distortion

Introduction

The steady tendency of transport developments
networks demands from railway transport to keep
and improve a current state for competitiveness
preservation. One of the main indicators of
a choice of transport mode traditionally remains
the speed of cargo and passengers delivery [9].

The increasing of train speeds service demands
not only the appropriate technical means, but also
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methodological-calculated. Many models and the
techniques which are used for the solution of
strain-stress state tasks of a railway track based on
assumptions and hypotheses adequate only for cer-
tain levels of speed movement.

There are elastic deformations and the corre-
sponding tension as a result of reaction to loading
from passing rolling stock in a railway track. The
bend and compression of layers of a railway track
occurs very quickly, but nevertheless not instantly.

© D. M. Kurhan, 2015



ISSN 2307-3489 (Print), ISSN 2307-6666 (Online)

Hayxka ta nporpec Tpancnopty. BicHux J{HimponeTpoBcEKOro

HAL[{OHAJIBHOTO YHIBEPCHTETY 3aJIi3HUYHOr0 TpaHcmnopty, 2015, Ne 2 (56)

3AJIIBHMYHA KOJIIA

Time for reaction directly depends on speeds of
distribution of elastic waves in material of the cor-
responding element of a track. It is clear that in
cases when the loading speed (the movement of the
train) of one level with a reaction speed, processes
of interaction get significantly others looked in
comparison with static loading. Considering that
for the majority of materials from which the rail-
way track consists, speeds of distribution of waves
considerably exceed opportunities even modern
high-speed trains, this question didn’t demand at-
tention. But today this thought changes on oppo-
site, especially, as far as concerns railway tracks on
soft grounds in which the speed of distribution of
waves isn’t so great. In some works even the term
«soil blow» by analogy to sound blow started ap-
pearing [11, 14].

So at the site of the railway that runs along the
waterfront Stilton in the UK recorded a sharp
change deflection of the rail at speeds of 180 km/h.
The explanation was found in the presence of bal-
last in soft soils such as peat and silty clay [15].

In the Netherlands, the area between Amster-
dam and Utrecht conducted tests for measuring the
velocity of wave propagation in the soil for the
possibility of passing the French TGV train speeds
over 160 km / h in areas with mounds, consisting
of weak soils [15].

In the south-west Sweden in Gothenburg,
Malmé site speed train X2 000 was limited to
160 km / h in wave phenomena in the soil [13].

The presence of certain problems of railway
track on weak soils is noted on some railroad of
Hungary [12].

The issue of delay appearance of rail deflection
at high speeds went up in the Austrian authors [3],
where, in addition to theoretical considerations,
experimental evidence shows the results corre-
sponding effects on test plots near Vienna at
speeds over 230 km / h.

Purpose

The theoretical prerequisites of emergence of
effects of «soil blow» are considered within this
work and numerous parameters of process by
means of mathematical modeling are investigated.
As the practical purpose it is supposed to provide
equal train service speeds within which it is possi-
ble to exclude possibility of emergence of the spe-
cified effects reasonably.
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Methodology

Most current models of stress-strain state of
railway track, usually based on the principles of
static elasticity. It is assumed that the considered
system of bodies in a state of equilibrium and elas-
tic deformation under the applied force immedi-
ately reach respective values. It isn’t enough such
approach for tasks in which time between the mo-
ment of the appendix of loading and establishment
of true balance it is comparable with time of action
or change of loading. It doesn’t correspond to that
on a task and the method of final elements which
was widely adopted recently including for model-
ing of a railway track: it doesn’t give the chance to
receive full four-dimensional model.

For the solution of these objectives essentially
new model of railway track based on the wave the-
ory of tension distribution in system of elastic bod-
ies [1, 2, 8] was used. For creation of such model
the railroad is considered as spatial system of ob-
jects which are characterized by the geometrical
sizes and physical properties determining speeds of
distribution of waves and parameters of deforma-
tions of elasticity and shift. The emergence and
distribution in a body of object of spatial spherical
waves is considered as a reaction to action of ex-
ternal forces. Distribution of waves is corrected by
the extent of objects and considers changes in pa-
rameters of wave process upon transition from one
object to another, and also emergence of the re-
flected waves from borders of contacts. The com-
mon decision of the equations describing position
of the front of a wave at the moment of time, and
the equations defining change of potentials of ten-
sion in a body of objects taking into account dy-
namic deformation of material is result. Such ap-
proach gives the chance with a certain temporary
in interval to define borders of distribution and
value of tension and deformations.

Let’s consider the process of forming a deflec-
tion of the rail on the example of modeling a sud-
den application of force to the wheels on the rails.
Initially there clutching the rail voltage, but very
fast (about 0.03"-ms) are transmitted to the sub-
strate and then to sleepers. At 0.09"™ ms and inten-
sity of ties begin to be transferred to the ballast.
Almost at the same time (0.1% ms) load transferred
from rail begins on the first adjacent sleepers and
further along the length of the rails. Deformation
substrates lead to a redistribution of stresses in the
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rail and provides the beginning of the bend. At
0.3" ms and tie is already full contact with the bal-
last to half its length, given as sole sleepers, and its
lateral surface. Ballast begins to contract, making it
possible to extend the rail curve. During the transi-
tion from the front tension ties to the ballast area of
interaction will vary over time (increase from point
to the entire surface of the sole sleepers).

From the first moment of this interaction strain
will be distributed in the thickness of ballast, but
the speed distribution over the surface of the bal-
last will be significantly less than the growth rate
of the area on which the stress transferred from
sleepers on ballast. This leads to more complex
shapes of the wave front in comparison to the clas-
sical description of distribution as two-axial. De-
pending on the thickness, condition, physical prop-
erties of matter ballast, etc., by 1.0...1.8 ms and
tensions begin to be transmitted to the roadbed.
With the growth and proliferation of elastic con-
traction in roadbed is at last re-stresses between the
layers of sub rail basis and in another passage of
some time, depending on the properties of the soil,
rake up the final parameters of bending.

Thus, the deflection of a rail is provided with
deformation of all layers of which the sub rail basis
consists. It must be kept in mind that for a «full»
deflection of a rail of deformation of a sub rail ba-
sis have to gather the corresponding values not
only directly on a vertical shaft of application of
force, but also on all length of a lath, it is attracted
to a deflection. Depending on the module of elas-
ticity of a sub rail basis length of a notable deflec-
tion of a rail makes some meters.

According to the velocity propagation of elastic
waves, eventually increasing depth sub rail basis,
which is involved in the formation of deflection
rails, but on the other hand, the deformation depth
decreases rapidly reduce their impact on the over-
all deflection. Furthermore, even already gained
significance in certain strains depth marks do not
remain constant over time, and are oscillatory (al-
though aimed at damping) character. All this com-
plicates the criterion for determining such esti-
mated moments when we can assume that the de-
flection rails gained full implementation.

In the numerical calculations fixed deformation
of sub rail bases on several axes adjacent sleepers -
the points of coincidence rail deflection and de-
formation sub rail bases. By bending the rails, as
a reference value, determined by the modulus of
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elasticity sub rail base. If further development de-
flection changed the modulus of elasticity no more
than 5%, it is conventionally recorded acquiring
«fully» deep.

The change in the wave front of outline stresses
in railway track on the simulation results for the
soil deformation modulus of 25 MPa is shown on
figure 1. The vertical axis on figure coincides with
the axis of application of force. The last line shows
the time to 26.5 ms after the date of application of
the load, for this example corresponds to the condi-
tion «full» deflection rails.

For the example figure 2 shows the relationship
of the analytical rail deflection by the formula (1)
[4, 5] and deflections of sub rail bases axes sleep-
ers on the results of modeling for steady state

Pk . )
=—=¢ " (coskx+sinkx), 1
2= ( ) (1)

where P — the vertical force operating on a batten;
k— coefficient of relative stiffness; U — elastic
modulus of sub rail basics; x — distance along the
length of the rails from the point of force applica-
tion.

P
the distance from the point of force application, I‘JL sleeper

+ o+ o+ 4 A + + ¢ +g I sole
4 > 25 2 1.5 1 0.5 \
1\5\:\/3/ 7 0.5 i %

1 ms

3

W)
93
depth relative to the sole sleepers, m

Ao
W

Fig. 1. Outline of the wave front in sub rail space
35

[\
n W
/Nn_l

deflection, mm
(e} et
hh — W
&}
AN
~

/

/

/

/

0 0.5 I 1.5 2 25
the distance on rail from the point of force application, m
Fig. 2. Change the trough length:

1 — Analytical deflection rails; 2 — deflection of sub rail
foundations for re-modeling results
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If to consider conveyances of loading (the
movement of a wheel) on a rail, it is incorrect to
describe process of a deflection of a lath in section
from zero to maximum value, preceding from the
assumption what exactly is in this section a wheel
all the time of development of a deflection. For
probe of a certain section of track, it is necessary to
consider that the deflection in it begins in the
wheel time spent for some distance. At the move-
ment of a wheel further from the chosen section
the front of a wave of elastic deformation contin-
ues to extend. In a case when the speed of the
movement of the train is significantly less than
a speed of distribution of elastic waves, the wheel
always remains in a zone of the realized deforma-
tions.

If to enter designations: A(x) — set of points of
a half-space are limited to the front of a wave suf-

ficient for realization of a «full» deflection z_  in
the point x; B(x,t) — set of points of a half-space
are limited to the front of a wave after its distribu-
tion relatively A(x) on time ¢, so between run-
ning speed, at get on «full» deflection, will be de-

fined by reference

Z(V):zn:A(x+th)eB(x,dt). )

The example of calculation by reference (2) for
relative exaggerate value dx is shown on fig. 3. At
running speed V| (line 2) the bending deflection
have time to form completely and at speed V, (line
4) do not have time.
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Fig. 3. Outlines of a wave fronts:

1— A(0);2— AV.dt);3-B(0,dt); 4- A(V,dt)

depth relative to the sole sleepers, m
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Thus, calculations show that the movement
with so high speeds can take place; the bending
deflection of a rail won’t be able to manage to
reach the values expected behind static schemes.
Perhaps that is said about these processes, for ex-
ample, in [3]. However, it is still too large such
speed, even larger than the transverse velocity of
wave propagation in the soil. This is explained by
the redistribution quickly load ground work first
ties, and ballast. In a number of works ([12, 13,
15]), on the contrary, growth of bending deflec-
tions of a rail at the movement with speeds is
shown the big just cross wave speed in the soil.

To show an explanation of this process, it is
possible on the static circuit. As a rule, the theo-
retical part of tension calculations and deforma-
tions in ballast and a road bed is based on decisions
of Bussinsk, Flaman and Mitchell and on their
more modern additions. Anyway the half-space,
brought to a two-dimensional task which free sur-
face is loaded with constant external force is con-
sidered. From loading in the thickness of a half-
space there is tension and deformations connected
by Hooke’s law. The solution of a task consists in
clarification of dependence between the external
force and internal tension (deformations) [6]. Force
is counterbalanced by reactions from deformation
of the massif of a half-space. In the Boussinesq’s
classical formulation the part of half-space condi-
tional section created a half circle of constant ra-
dius. Basic Flaman’s formulation is considered
weightless isotropic plate is limited with only one
horizontal side, which has concentrated the exter-
nal force. The solution, which is proposed by
Mitchell in an original form corresponds a cone by
the loaded force applied to its top and works in the
direction of its axil [10].

P
v
1 1
| [
| |
| |
I - /
| B dow
o
r o(a)
1o
v Z

Fig. 4. The analytical model for tension
determination in the environment
from single unit force

© D. M. Kurhan, 2015

139



ISSN 2307-3489 (Print), ISSN 2307-6666 (Online)

Hayka ta nporpec Tpancropty. Bicauk J[HinponeTpoBcskoro
HAL[{OHAJIBHOTO YHIBEPCHTETY 3aJIi3HUYHOr0 TpaHcmnopty, 2015, Ne 2 (56)

3AJIIBHMYHA KOJIIA

Let’s consider a task in Boussinesq’s classical
formulation, but we will separate the settlement
array of a half-space biaxial the sphere, answering
outlines to distribution of the tension wave at the
most enclosed in a point. The analytical model is
given in fig. 4.

The external load is considered as single unit
force P, that applied at the point and acts in the
vertical direction (axel « z «). The axes sizes areas

determined in accordance longitudinal (C,) and

transverse (C ) speed of wave propagation:

E(l—y)
p(1+u)(1-2u)

where E — stress-strain modulus; p — density of

C =

) 3)

matter; (£ — Poisson’s ratio.

It is possible to consider that the section surface
in space consists of separate rings (fig. 5) which
radius increases to a surface

r=C,tsina,

“4)

where « — angle that determines the position of
the point on the section, o € [0; !/ 2] ; C,—wave

velocity in the direction « ; ¢— time indicator.

dF

Fig. 5. Space of the action ring tension
of identical value

The area of the ring will be determined by the
formulation

dF (a)=2rnrh, Q)

where /1 — conventional thick rings, & =C tda ;

or in a final form
doi 10.15802/stp2015/42172
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dF(a)=27Ctsinada . (6)

On the surface calculation section will apply
tension and strain occurs as a reaction to external
force. Different issues can be considered normal
and tangential components of the stress acting on
the ground tangent to the surface and cross section
perpendicular to the direction of the force, etc. If in
a general view to tell about full of tension o,

forces directed to a point of application, that, con-
sidering that the surface of section is formed by the
sphere, the following dependence is offered

2
— l 2
=0,—;¢08" a,

a

(o}

a

(7

where o, — stress acting along the axis of applica-

tion of force P .

For the system which is in an equilibrium state
(the static task is considered), the equation has to
be carried out

O o |y

P=|o, cosadF(a), (8)
or, considering the previous formulas
3
P= 277C12t20'0‘|'cos2 asinado . )
0

Equation (9) can be reduced to Boussinesq’s
formulation definition of stress at a given depth z

3P
o, =

27rz?

(10)

The hypothesis is that at a movement speed
V' > C , the sphere (see Fig. 4) doesn’t manage to

be created. In that case external loading will be
counterbalanced by a smaller surface

(an

B
P= 27zC12t20'0J.c0s2 asinada ,
0

where ff— angle, that determines the level of im-

(ﬂz C[2
1-¢° F_l ’
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where @ =

The level of increase in vertical tension, and re-
spectively and deformations, it is possible to ex-
press through coefficient which shows the reaction
attitude from the full sphere (9) reactions from the
limited sphere (11)

_ 3
k= . (13)
J.cos2 asinado
0

Given the above dependence and taking Pois-
son’s ratio equal to 0.3, the rate of increasing in
vertical stress and strain can be obtained in the
form

k= ! . (14)

2
s

More detailed calculations require taking into
consideration that the bending deflection of rail
consists not only of ground deformation that shape
the wave front in the soil, being transferred from
ballast different from the correct biaxial field [7],
and so on. In a certain degree it is possible to reach
applying the mode of modeling stated above [8].
As an example, in fig. 6 the dependence of a bend-
ing deflection of rail a wheel from movement
speed for the soil with the module of deformation
of 10 MPa received by results of modeling taking
into account the stated hypothesis is shown.
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Fig. 6. The dependence of the rails deflection
from the speed of the ground with £ =10 MPa
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Considered the characteristic of the soil there
corresponds the cross speed of a wave 185 km/h.
In fig. 6 significant growth in a rail deflection at
the movement with speeds is observed, it is more
than specified. Results are shown correspond to the
experimental data given in work [15].

Findings

Using the wave model of stress-strain state
lines was determined speed, which upon reaching
deflection rail does not have time to acquire the
«fully value. The calculations were performed
according to the conditions described above
(see. Fig. 3). The various options of basic data are
considered. Selectively results of calculations are
given in tab. 1. Thus the design of a track was pre-
sented by ferroconcrete cross ties with distance of
0,54 m between shafts and a crushed-stone ballast
0,5 m thick under a cross tie.

According to the table it is possible to deter-
mine movement speed (C), at which the observed
increase in rail deflections, and speed (V)), in

which will not have time to realize «full» deflec-
tion rails. Speeds are specified on a major factor -
the module of deformation of a soil. The module of
elasticity of a sub rail basis was defined results of
modeling of a deflection as the additional charac-
teristic.

Originality and practical value

The latest similar of the intense deformed con-
dition of a railway track which allowed solving
problems for which time for emergence of reac-
tions in a railway track from a rolling stock plays
an essential role are applied.

The offered theoretical justifications of proc-
esses which take place at perception of loading
elements of a railway track at high speeds of the
movement.

According to the simulation results obtained
significance level speeds that determine the ap-
pearance of the considered dynamic effects in sub
rail basis. The obtained data can be used to justify
the construction or installation gauge the relative
values of allowable velocity for the implementa-
tion of high-speed traffic.
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Table 1

Determinants level speeds

Stress-strain
modulus, MPa running speed, km/hour
Modules
of sub rail | Which ex- at which
basis ceeding the | the deflec-
ballast | ground tion isn’t
U) speed trans-
(E6 ) | ( Erp ) MP ’ verse waves | completely
a in ground realized
(O), V).
km/hour km/hour
7 11 160 215
10 15 185 250
100 15 20 230 315
20 26 265 360
31 395
— 25 300
38 405
30 44 325 440
200 40 53 375 485
50 64 420 530
75 86 520 640
Conclusions

At the movement of the train on a railway track
with a speed more cross speed of distribution of
waves in a soil nature of perception of loading in
sub rail to a basis changes that gives to notable (to
two times) to increase in rails deflections.

In the presence of soft grounds, the rate limit of
the movement, corresponding to emergence of the
specified phenomenon, decreases. So, for soils
with the module of deformation of 7 MPa, the
cross speed of waves distribution makes only
160 km/h.

Even at such speeds time to ensure soil elastic
deformation to form a trough rails. This is because
the load is distributed on a ground layer of ballast
that provides quick involvement ground interac-
tion.

With further increasing the speed of the sub rail
basis may not have time to implement the entire
length of the deformation formation deflection
rails. This would result in effect when the rail will
not have time to fully bend. Even in soils with little
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deformation modules (7...10 MPa) for the
speed of the appearance of this effect has
215...250 km / h respectively. The level of speed,
in addition to the characteristics of the soil (al-
though they are crucial), also affect the properties
of the layers of ground.

By drawing up a road bed of the ground which
has the deformation module sufficient for provid-
ing the general module of elasticity of a sub rail
basis at the level of 40...50 MPa and more (that is
put in the majority of track calculations on
strength) are investigated effects can appear at
rather big on today’s levels movement speed —
350...400 km/h and above.
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OCOBEHHOCTH BOCITPUATHUA HAT'PY3KHU DJIEMEHTAMHA
KEJE3HOAOPOKHOI'O ITYTH ITPU BBICOKHUX
CKOPOCTAX ABUKEHUA

Heab. YBenuueHne CKOPOCTEH IBIKCHUS MOE3I0B TPeOyeT HE TONBKO COOTBETCTBYIOIIMX TEXHUYECKHX,
a ¥ METOAMKO-PacUeTHBIX pelleHuil. BonpIMHCTBO MoJeneil 1 METOIUK, KOTOpPBIe MCHOIB3YIOTCA AN PeIleHUs
3aJa4 HalpsDKeHHO-1e(OPMUPOBAHHOTO COCTOSIHUSI JKEJIE3HOJOPOXKHOTO ITyTH, Oa3uUpYyIOTCS Ha JIOMYyLICHUSX
W TUIIOTE3aX, aJeKBaTHBIX TOJILKO JUIsl ONPEJEICHHBIX CKOPOCTEH ABMKeHHs. B paMkax naHHOW paboThl OyayT pac-
CMOTpPEHBI TEOPETUUYECKHUE NPEANOCHUIKM M3MEHEHHs XapaKTepa BOCHPUSTHS HArpy3KH SJIEMEHTAMU SKEIe3HOAO-
POKHOTO IYTH IPU BBICOKUX CKOPOCTSAX ABHXKEHHUS U UCCIIEAOBAHbI YHCIOBBIE TapaMETPhl MPOLECCOB MPU MOMOILHU
MaTEMaTUYECKOTO0 MOJAEIUPOBaHU. B kauecTBe MpakTUUECKOW LE€NH MPEeAnoaaraeTcs NpeJoCTaBUTh YPOBHU CKO-
pocTeil IBMKEHHS MOE310B, B TPAHUIAX KOTOPHIX MOXKHO OOOCHOBAHO HCKJIIOYHTH BO3MOXKHOCTH TOSIBIICHUS pac-
CMOTpeHHBIX 3¢ ¢ekToB. Meroauka. /sl permeHus MOCTaBICHHBIX 3a4ad Oblla MCMOJIB30BaHA MPUHIUNNAIBHO
HOBasi MOJIETIb JKEJIE3HOAOPOKHOTO ITyTH, OCHOBAaHHAs! Ha BOJHOBOM TEOPHH PacIpOCTPAHEHUS HANPSDKEHUI B CHC-
TeMe ynpyrux Tena. Jlns uccinenoBaHus BO3OEHCTBHS OT HOABMKHOW HAarpy3KH Y4HTHIBAJIOCH, YTO NMPOTUO B OIpe-
JICTICHHOM CEYEHHUH ITyTH HA4MHAETCA €Ile BO BPEMsI HAXOXKIEHHs KOJieca Ha HEKOTOPOM PACCTOSIHUH, a TIPH IBHXKE-
HHH KOJIeca JAJIbIIe OT BEIOPAHHOTO ceueHUst GPOHT BOJHBI YIPYToi AeopMaliiyi IPOAODKAET PaCIPOCTPAHATHCS.
Mo pe3ynbraTaM MOAENMPOBAHUS HCCIIENLYETCS U3MEHEHHE OYepTaHusl (PPOHTA BOJHBI HANPSDKEHUH BO BPEMEHH ISt
MOJIPETILCOBOTO OCHOBaHUA. ECny CKOpOCTh IBMKEHHUS MOE37a CYLIECTBEHHO MEHbIIE CKOPOCTH PacpOCTpaHEHUS
YIPYTHX BOJIH, KOJIECO OCTaeTcsl B 30HE peaM30BaHHBIX aedopmanuii. Pesyasrarel. [1o BapuaHTHBIM pacueram
JUISl pa3lINuHbIX MapaMeTPOB KEJIEe3HOJOPOXKHOTO MyTH (TIPeXie BCETo, VIS Pa3HbIX XapaKTEpPUCTHUK I'PYHTA) OIpe-
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JIEJIEHBl YPOBHHU CKOPOCTEW JBIDKEHHS TOE€37I0B, B TPAHUIIAX KOTOPHIX MOYKHO OOOCHOBaHHO HCKIIIOYATh BO3MOXK-
HOCTH TOSIBIICHUSI paccMOTpeHHBIX 3(dexroB. Hayuynas noBu3Ha. [IpemiosxxeHsl TeopeTndeckne 0OOCHOBAHHS U
peanu3anys B BHJE MAaTeMaTHYeCKOW MOJENH AJS MPOLECCOB, KOTOPHIE BO3HUKAIOT IPH BOCIPHUATHH HArPy3KH
3JIEMEHTaMH JKeJIe3HOJOPOKHOTO ITyTH NMPH BBICOKUX CKOPOCTSX JBIKeHUs. IlpakTnyeckasi 3HaunMocTsb. Ilo pe-
3yJlbTaTaM MOJIENHMPOBAHM MOJIyUYeHbl YPOBHU CKOPOCTEH NBMKEHHUS, KOTOPBIE ONPENENIAIOT MOSBICHUE PACCMOT-
PEHHBIX AMHAMUYECKHX 3()(PEKTOB B MOJPEILCOBOM OCHOBaHMH. OHU MOTYT OBITh MCIIOJIb30BaHBI JJIsi 00OCHOBa-
HUSI KOHCTPYKLMH IYTH WM yCTAaHOBJICHUS! COOTBETCTBYIOIIMX 3HAYEHHUH JIOITYCTHMBIX CKOPOCTEH IUISi BHEAPEHUS
JIBUKEHUS C BBICOKUMU CKOPOCTSIMU.

Kniouegvie crosa: BepxHee CTPOSHHE MyTH; CKOPOCTHOE JIBM)KEHHUE; HAIPSDKEHUE B IyTH; MTPOTUO pelibca; BOJ-
HOBasi MOJIEJTB; TTOJIPEIECOBOE OCHOBAHME; ieopManus rpyHTa
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OCOBJIMBOCTI CIIPUMHSTTA HABAHTAXKEHHS ETEMEHTAMMU
3AJI3HUYHOI KOJIII ITPU BUCOKUX HIBUAKOCTSX PYXY

Merta. 30inbIIeHHs MBHIKOCTEH PYyXy MOI3IiB BUMarae He TUTBKH BiNNOBITHUX TEXHIYHUX, & W METOIUIHO-
PO3paxyHKOBHUX 3aco0iB. barato Mozeneil Ta METOOUK, 0 BUKOPUCTOBYIOTHCS IS BUDILICHHS 33/1a4 HAIPyKEHO-
Je(OPMOBAHOTO CTaHy 3aJli3HUYHOI KOuii, 6a3yIOThCS Ha AOMYIICHHSIX Ta TiNOTe3aX, aJeKBaTHUX TUTBKU JJIS TIEB-
HUX PiBHIB IIBUAKOCTI pyxy. B pamkax nanoi po6otu 6yayTh pO3MISIHYTI TEOPETHYHI IEPEAyMOBH 3MIHHU XapaKTepy
CIIPUHHATTS HaBaHTAXXEHHS eJIEMEHTaMH 3ali3HMYHOI KOJIIT IIPY BUCOKHX LIBHAKOCTSX PYXy Ta JOCIIIDKEHI YHCEeNb-
Hi MapaMeTpH MPOLECIB 3a JOMOMOI0I0 MaTEMaTHYHOTO MOJIENIIOBaHHS. B SKOCTI NpakTHYHOT METH Nepen0ayaeTbes
HaJlaTH PiBHI IIBUIKOCTEH PyXy MOI3IIB, B MEXaX SIKUX MOXKHA OOIDYHTOBAHO BHKJIIOYATH MOXIIMBICTh ITOSIBH PO3T-
JnsHyTHX edekTiB. Mertoamka. [ pillicHHs NOCTAaBJICHUX 3aBJaHb OyJia BUKOPUCTAaHA MPUHIIMIIOBO HOBA MOJICIh
3aJII3HUYHOI KOJIii, 3aCHOBaHa Ha XBHJILOBIH T€Opil PO3IOBCIO/PKEHHS HANPYXKEHb Y CUCTEMI NPYKHUX Ti1. i1 1o-
CJIIZPKEHHS JIiT BiJl pyXOMOT'0 HaBaHTaKeHHS! BPaXxOBYBaJIOCh, 1110 IPOTHH Y IIEBHOMY Iepepi3i Kouii HOYnHA€eThCs 111
i 9ac 3HAXOJPKEHHs KoJleca Ha JEsKil BiJCTaHi, a MpHU 3pYyLICHHI Kojeca Jali Bil BHOpaHOTO mepepizy (GpoHT
XBWII TIPY>KHOI nedopmarii MpOoAOBXKY€E MOIMHUPIOBATUCH. 32 pe3ylbTaTaMi MOJAETIOBAHHS JOCITIKYETBCS 3MiHA
o0pucy (GpoHTY XBUIII HANPY>KEHB y Yaci U MiAPEHKOBOI OCHOBH. SIKIIO MIBHIKICTH PyXy IOi3/1a CYTTEBO MEHIIE
32 INBUAKICTh PO3MOBCIOKEHHS NPYKHUX XBHJIb, KOJIECO 3aJHMINAETHCS B 30HI peani3oBaHUX edopMamii.
PesyabTaTH. 32 BapiaHTHUMH PO3paxyHKaMH JUIA Pi3HUX HapaMeTpiB 3alli3HUYHOI KoJii (mepir 3a Bce, IS Pi3HUX
XapaKTepUCTHK IPYHTY) BH3HAYCHO pPiBHI IIBHAKOCTEH pyxy MOi3MiB, B MeXaxX SKHX MOXXHAa OOIPYHTOBAaHO
BUKJIIOYATH MOXKJIMBICTh TIOSBH pO3MJIIHYTHUX edekTiB. HaykoBa HOBH3HA. 3alpoOIOHOBAHO TEOPETHUYHI
OoOIpyHTYBaHHS Ta peaji3allilo y BHIVISII MareMaTHYHOI MoJeni Ui MpoleciB, LI0 MaloTh Micle
MiJI Yac CHPHUHHSTTS HABaHTAXKEHHS €JIEMEHTAMH 3ali3HUYHOI KOJii NpH BHCOKHX MIBUAKOCTAX PYXY.
IIpakTHyHa 3HAYMMicTh. 32 pe3ysibTaTaMd MOJICIIOBaHHS OTPHMAHO PiBHI IIBHJIKOCTEH pyXy, IO BH3HAYAIOTh
MOSIBY PO3MISIHYTHX JUHAMIYHMX e(eKTiB y migpeiikoBiii ocHOBi. BoHm MoxyTb OyTH BUKOpHCTaHI IS
oOIpyHTYBaHHS! KOHCTPYKLI1 KOJIii 00 BCTAHOBJIEHHS BiIOBIAHUX 3HAYEHb JOIMYCTHMHUX IIBUAKOCTEH JUIs BIPOBa-
JDKEHHSI PyXY 3 BUCOKHMH IIBUJIKOCTSIMH.

Kniouosi cnoea: BepxHs OymoBa Koulii; MIBUAKICHUH PyX; Halpy)XEHHS B KOJIi; IPOTUH PEWKH; XBUIHOBA MO-
JIeTTb; MiApeKoBa OCHOBA; leopMaltis IPYHTY
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