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In this article, the dynamic behavior of a moving elongated object is simulated using
the relations for a viscoelastic rod, which moves at a constant speed under the action of
traction force and distributed along its length external forces of resistance. We investigate
the change of displacements and internal forces after the sudden application in the rod
section of the local force directed longitudinally. The correlations of the initial boundary
value problem that describes the dynamic behavior of the rod are written down, and its
solution is obtained in the form of a series expansion in terms of eigenfunctions. For a
viscoelastic rod consisting of three connected uniform rods, the analysis of wave processes
induced by the application to the rod of a sudden concentrated force that resists the
motion is carried out. This affects the motion of the rod as a whole, and induces the
wave processes, the propagation and reflection of waves on the inner surfaces of joints.
The comparison is performed for the behavior of an elastic, piecewise nonuniform rod and
a viscoelastic rod with different mechanical characteristics, where the waves during their
propagation are damped and smoothed.

Keywords: viscoelastic rod, propagation and reflection of longitudinal wave, resistance
to motion.
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1. Introduction

The study of longitudinal vibrations of elastic and viscoelastic rods subjected to an intensive external
loading was dealt with in a number of papers. Without going into a full review, let us indicate the
directions of studies of the longitudinal dynamics of a rod. The theory of elastic waves in rods and
bars is covered in [1|. The collision of uniform elastic rod with an obstacle and further propagation of
elastic waves in it are described in [2]. The arrival of longitudinal elastic waves in a rod as a result of
an impact on one of its ends is shown in [3] and the wave process in a rod with a slow change in its
cross-section is being studied in [4]. The approach proposed in this work can be extended to the case
of viscoelastic rod. Problems, which can be reduced to the solving the equation of nonuniform rod
vibrations, including the variable cross-section and with variable elastic characteristics are considered
in |[5-7]. Analytical solutions of the equations to determine the longitudinal vibrations of nonuniform
elastic rod are obtained in [8, 9] and the problem on determination of the optimal regime of longi-
tudinal loading of one-dimensional moving mechanic system that provides the absence of undesired
elastic vibrations caused by traction or braking forces is shown in [10]. The review of theoretical and
experimental works on the investigation and propagation of nonlinear viscoelastic waves in the case of
one-dimensional deformation, as well as the shock waves and accelerated waves are given in [10]. The
longitudinal vibrations of viscoelastic rod with different forms of vibrations depending on its form are
considered in [11], in which also there is given a complete enough overview of articles of this area of
research.
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136 GeraB., Sitarz M., Bolzhelarskyi Ya.

Studying the dynamics of moving rod is important for safe vehicles operation. For this purpose,
there are determined the longitudinal elastic vibrations of rods, which simulate the motion of a train,
including the rods with nonuniform characteristics [12-14]. The model of viscoelastic rod is more
physically corresponding to the train motion because it consists of both elastic elements and elements,
which are vibration absorbers.

The studies, which used the solutions of the problems for the rod motion, show that the sudden
application of power load to an elastic rod in the direction of its axis, must give rise to the longitudinal
dynamic deformations and stresses that exceed the elastic limit. It should be taken into account that
the increase in the initial velocity of the rod motion in a medium that resists the movement leads to
an increase in the resistances distributed throughout its length, to an elongation, and to the arising of
internal tensile forces.

In this paper, a longitudinally nonuniform, composed of heterogeneous elements viscoelastic rod
is considered, which moves due to the force applied to one of its ends and undergoes the forces from
the external medium resistant to its motion. Provided establishing the constant velocity, the elastic
dynamic effects in the rod do not arise and only an emergence of additional intensive load directed
oppositely to the motion leads to longitudinal dynamic deformations and stresses. Various cases of
changes of external forces based on their laws have been analysed by example of a moving train.

The objective of this work is to construct a mathematical model that allows studying the dynamic
effects caused by the intensive transient regimes of the longitudinal force load of moving viscoelastic
rod, to obtain a solution of the problem based on the data that must indicate the emergence of such
obstacles to a motion of such systems as a rail train, to analyse the development of dynamic process
based on the values of characteristics related to the viscosity influence.

2. Problem formulation

Let us consider a thin viscoelastic longitudinally nonuniform rod of the given length L. Direct the
x-axis along the rod so that the rod domain is determined by the condition = € (0;L). At the end
x = L, to the rod there is applied the variable in time ¢ force Fy(t), and the end x = 0 is free of load.

Along the rod, there act the distributed forces w(x,t) directed in the opposite to the force Fy(t)
L

direction so that the forces applied to the rod are balanced, Fy(t) = [ w(z,t)dz and under the action
0

of forces Fy(t) and w(z,t), the rod is in a state of strain.

At the instant ¢ = 0 at the point x = x,, to the strained rod a concentrated force P,(t) is suddenly
applied. This leads to arriving of a longitudinal wave and to a change of the displacement of the rod
as a whole.

The equation to determine the displacements of the points of the nonuniform rod, following [12]
and using the generalized function d(x) to set a point of application of concentrated force Pi(t), is
written as follows

2U x u\xr 2U X
o) =55 = 5 (k) (P T ) ) = (et - d@ - war0. )

where is a coordinate along the axis, ¢ is time, u(z,t) is a displacement of the rod particles, p(x) =
pv(x)S(x) is the rod density reduced to the axis, where py (z) is the density function, S(x) is the
cross-sectional area of the rod, k(xz) = E(x)S(z) is a reduced modulus of elasticity, F(z) is a modulus
of elasticity, u, is a coefficient of material inelastic resistance for longitudinal vibrations. Note that pi,
also can depend on the coordinates , but such detail is not regarded in this investigation.

Eq. (1) is considered with the boundary conditions corresponding to the absence of external force
at the end = 0 and to the imposing the force Fy(t) at the border x = L, namely

Ju(zx,t) Ou(x,t)
or " oo

= Fo(t), t > 0. (2)
=L

— 0, and k(z) (au(:c,t) 82u(:c,t)>

or Moot

=0
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The initial conditions for the motion and the relative velocity are the following

ou(z, t)
ot

., = fi(z), =z € (0;L). (3)

w(@, )= = fo(@),

The function fy(x) sets the initial displacement of the rod and fi(x) is the velocity distribution at
the initial time.

In order to convert the conditions (2) into uniform ones, the force Fyy(t) is included into the motion
equation and written as follows

o) 2 (o) (25 4, TS ) — 6o - L)) - ) - oo - 2P0

z e (0;L), t>0. (4)

Then Eq. (4) is considered with the uniform boundary conditions

<8u(:c,t) N 82u(m,t)> B o, <8u(m,t) N 82u(x,t)>

=0, t>0 (5)

ox " ozot o M Tazar )|,

and with the initial conditions (3).

From the solution of the initial boundary value problem (4), (5), and (3) we determine the rod
particles displacement. With this, the change of the longitudinal force in the rod can be expressed in
terms of displacement as follows

u\xr 2u X
B(x,t) = k(z) (6 éx’t) +uu%> .

Note that the motion of the rod as a whole due to, in particular, the initial conditions (3) does not
affect the longitudinal force obtained by the formula (6). The internal longitudinal forces depend only
on the rod deformation caused by the external forces.

(6)

3. Problem solution representation

Since the problem (4), (5), and (3) is linear, we can decompose its solution and present it as a sum of so-
lution of the homogeneous equation corresponding to (4) with the inhomogeneous initial conditions (3)
and the heterogeneous equation (4) with homogeneous initial conditions.

To find a solution of the homogeneous equation

R Y IS IO

we apply the method of separation of variables. Represent u(z,t) = X () ©(t) and substitute it into
Eq. (7).

p(z) X (2) O(t) — % (k(x)X’(x) (@(t) + Mué(t))) =

Hence we obtain

O(t) + 1O(t)  p0)X(2) dz

or an equation to determine X ()

om 1 i(k(m)dX(x)) _ e

i (w)dﬁf)) — \p()X(2) ®)

Mathematical Modeling and Computing, Vol.3, No.2, pp. 135-145 (2016)



138 GeraB., Sitarz M., Bolzhelarskyi Ya.

and the function O(¢)
?O(t) o dO() o
——— + N uy———=+ \0(t) = 0.
2 A A8 =0 (9)

After substitution u(z,t) = X (x)O(t) into the boundary conditions (5) we obtain

dX(x) dX(x) dO(t)
t u —— =0, at x = dz=L.
10 Ot) + T dt 0, at z =0 and =
Whence it follows that Ux
d(x):()atx:()and:c:L. (10)
x

Nonzero solutions of Eq. (8) with the conditions (10) we obtain only for the eigenvalues A = A,
(n=0,1,2...) (note that A\¢g = 0 for n = 0, A\, > 0 for others n). Let denote them X, (z). The
functions X,,(z) are orthogonal over the interval (0, L) with the weight factor p(z), i.e. they satisfy

the conditions ;

1 0 n=m,
7 /P(x)Xn(x)Xm(x)dx = { io et
0
We can normalize them and obtain an orthonormal system of eigenfunctions
1
L 2
X 1
Zn(z) = n(x)’ where || X,|| = | = /p(x)X?l(x)dx , n=0,1,2.... (11)
] L/

Find the appropriate A = A, of the function 0,,(t). For A = A\g = 0 this function is linear
Oo(t) = a + bt. (12)
For n =1,2,... respectively,
On(t) = e~ (acos(But) + bsin(Bnt)), (13)

where a,, = Re(k), B, = Im(k), and & is a solution of the quadratic equation x? + A2,k + A2 = 0,

1 )‘4N2
n= A2 Ba= ) (R 2 ). 14

The constants a and b serve to satisfy the initial conditions for the further use of the functions

namely

©,,(t) to represent the solution of the initial boundary-value problem.
The functions, which depend on z, over the interval [0, L] can be represented as series of expansions
in terms of Z,(x). A solution of Eq. (4) we also try in the form of expansion

u(a,t) = wo(t) Zo(z) + Y wn(t) Zn(x), (15)
n=1

where wy, (t) are time components of the solution, which provide the satisfaction of the initial conditions,
and their form for different values of A, is determined by the formulae (12) or (13).
Substitute this representation of u(x,t) into Eq. (4) with the initial conditions (3) (boundary
Zm ()

conditions (5) are satisfied as they satisfy the function). Multiply the equation by =7~ dx and integrate
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over [0, L]. Based on the formula (12), for n = 0 we obtain

t L
/t—T /Zo w(z,T)dx | dr
0 0

i

’u_)()(t) = I /(t -7 F()
0

is a solution for zero initial conditions,

wo(t) = fiot + foo (17)

is a solution of the homogeneous equation with conditions (3). Eventually, wo(t) = wo(t) +wo(t). Here
foo, fio are the coefficients of the expansions of the function fy(x) and fi(x), which are the components
of the initial condition (3), into series over the orthogonal functions Z, (z)

L L
fon=1 / o) Zu(e) fola)d, fin = / p(2) Za(2) f1 () da. (18)
0 0
For n =1,2,... using (13) we obtain respectively
t
wp(t) = e (=) sin(B,, (t — 7)) Fo(7)dT
50 /o

t
1
——/ O‘”(thmﬁnt—T /w:cT x)dx | dr
TL
0

t

- e (=) sin(B,, (t — 7)) P, (7)d, (19)
e [

En(t) = fOneant COS(,@nt) + i(fln - anfOn)eant Sin(ﬁnt)' (20)

B
Thus wy,(t) = w,(t) + wp(t) (n = 1,2,...). Substitute wo(¢t) and w,(¢) into (15), and obtain the
formula for calculating the displacements in the longitudinal vibrations of the rod.

4. Eigenfunctions for the case of piecewise nonuniform rod

To use the formula (15) for displacements, we need to know the eigenfunctions X, (z) (n =0,1,2,...),
satisfying Eq. (8). Let us obtain such eigenfunctions for a rod (Fig. 1), which consists of three uniform
parts (0, 1), (z1,22), (x2, L), assuming conditions of ideal elastically deformed contact between them.

Vo 3
[}
'|'|'|'|"|'|IV|J<'

0 X Xe X2 L

Fig. 1. Piecewise nonuniform rod under the action of external forces.
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We obtain solutions of Eq. (8) with the conditions (10) for the eigenvalues A = A, (n =0,1,2,...)
in the form

(
- @Esm ()\nE (&2 — fl)) sin ( n% (1- 52))} %El for 0 <z <y,

k . x . —_
_ kjﬁsm <)\nﬁ (52 - Z)) sin <)\n$ (1 —52)” Z! for z; < x < w9,

M L
where
k
= = cos <)\nﬁfg) Ccos ()\nE (1- fg)) _BBg ( —§2> sin ( 73 (1-— 52)) ,
ga! gl k2 v2 "m
S = 86=2 7= Z—i, p; is a linear density, k; is the reduced modulus of elasticity of the i-th

part of the rod i = 1,2,3. The eigenvalues A\, we obtain by solving the characteristic equation

sin(Ay1x1) [cos (AMya(z2 — x1)) cos (Ay3(L — z2)) — Z—z% sin (Aya(z2 — 1)) sin (Ays(L — xg))]

koo k .
+ cos(Myra1) [k—f% sin Mz (22 — 1)) cos (Mya(L — 22)) — k—i’% cos (Aya(a — 1)) sin (A3 (L — xQ))]
= 0.

It is obvious that Ag = 0, Xo(z) = 1 and according to (11) Zy(z) = /& = const. Here M is the

rod weight, L is its length. Then the displacement wg(t)Zp(z) in the formula (15) is the displacement
of the mass center of the rod under the influence of external forces. This component of the total
displacement (15) does not affect the change in time of the internal longitudinal force.

To calculate the displacement u(x,t) and the force ®(z,t) by the formula (6), let us determine the
orthonormal function Z,(x) n =1, 2,... by the formulae (11).

5. Data formation of the problem

To carry out the numerical calculations, we need to write down the form of distributed forces of
resistance, initial conditions, and to determine the coefficients of the problem. Let us obtain the initial
data by example of a moving train consisting of locomotive and n railway freight wagons, moving at a
coqgnstant speed vg.

The train may include unequally loaded freight wagons of various types and so the value of main
resistivity for them will be different. The masses of the locomotive mg and loaded freight wagons m;
(i = 1;n) when the train starts moving are given. The total length of the train L = lo + > i l; is
represented as a sum of lengths of the locomotive [y and freight wagons ;. We assume that the origin
is at the tail end of the train. Then the density function p(z) on the intervals that occupies each unit
of the rolling stock is obtained in the form p(z) = p; = %, for x € (xp_i, Tn_it1), i = 0;n 29 = 0,

L

Tpy1 = L. The total mass of the train-rod is calculated according to the formula M = [ p(z)dz or
0

n
1=0
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Writing the function w(x,t) of distributed resistance to motion, we ignore its changes in time
because just after applying the additional force Py (t), the general speed of the train vy does not have
time to change significantly. The dependence w(x) on the main resistivity to motion and other types
of resistance for different speeds vy and for different types of the moving set of the train can be written
as polynomials with coefficients values found experimentally. Formulae of resistance to motion for
different types of freight wagons and locomotives in the quadratic approximation can be found in a
number of works and in the Rules of traction calculations [16-18|.

Distributed along the length of the rod, the power resistance to motion is determined by the formula

w(@) = -mig, € (Tn—i;Tn—it1) (1 =0;n), (21)
(2
where 1y; is the general main resistivity of the i-th unit of the train including the locomotive (i = 0).
Due to this definition the function w(x) is piecewise continuous on the interval (0, L) and is inde-
pendent on ¢t when the train is moving at the constant speed v(t) = vy.

If on the straight section under the force F(t) = Fy = const the train is moving at a constant
L
speed, the traction force and the resistance force are balanced with each other, i.e. Fy = [w@(€)d¢.

Moreover, the elastically deformed state of the rod under the action of external forces COI"I'engIldS to
the stationary state. If at the initial time of observation the dynamic components of displacement
are absent, the train-rod will be strained. Let denote wug(x) the rod particle displacement. Then
e(x) = dug—f) is its longitudinal deformation, and k(x)dug—p = F(x) is the internal force reduced to
the axis. Since this force is balanced with distributed forces of resistance, here we obtain the equation

b2 — (e (22)
0

and the formula to calculate displacements

1 X
w() = [ HB!“Q% dz. (23)

Taking this state to be an initial state, we write down the functions fo(x) and fi(x) for the initial
conditions in the form

fo(@) =uo(z), fi(x) = vo. (24)

The numerical values of a number of parameters needed for input data are obtained from the reference
books and documents on transportations [16]. The evaluation of the coefficient of inelastic resistance
1y, can be performed according to the dynamic behaviour of the rod, the propagation, and the form of
the elastic wave.

6. The calculation and analysis of dynamic behavior of moving rod

Let us carry out control calculations for the rod (Fig. 1), which consists of three connected uniform
parts. The traction force Fj and the distributed resistance forces w(x) are balanced and the strained
by them rod at the initial time is moving uniformly with the speed vy.

If at the time ¢ = 0 when & = z, the additional force of resistance P, suddenly emerges, which
acts in the opposite direction to the traction Fj, in the core the wave processes arrive due to a sudden
application of the force, the nature of which depends on its magnitude as well as on the parameters
and characteristics of the rod. We assume that the distributed forces of resistance w(z) immediately
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after application P, do not change in time because they depend on the speed and we assume that the
speed of the rod as a whole in a short period of time has not changed significantly.

Parameters and characteristics of the rod are the following: 1 = 400 m, zo = 800 m, L = 1000 m;
the linear density of the parts p; = 6000 kg/m, ps = 4000 kg/m, p3 = 7000 kg/m; the reduced modulus
of elasticity k1 = 4 -10% N, ky = 3-10% N, k3 = 9-10% N; the traction force Fy = 1.8 - 10° N. The
distributed force of resistance on the rod parts w; = 200 N/m, wy = 100 N/m, w; = 300 N/m;
vo = 20 m/s; the additional force of resistance P, = 1.8 - 10° N applied to the section z, = 700 m.

The initial displacements due to the strain by the given forces Fy and w(x) are obtained by the

formula (23). Write them as follows
( 2
kalex—, O0<z <z,
)2
(x —z
ky wo +k: woxy(z —x1) + w———— ) 11 < 2 < 29,

u(z,0) (25)

2

To —
ko_lcuo?l—i-kl_l (woxl(xg—xl)—i-wl( 2 5 ) >
(3:—3:2)2

2 , Ta<ax <L

+k2_1 (woxl(x —29) +wi(xy —x1) (T — 22) + wo

and use then in solving problems for the initial conditions.
Calculate the deformation displacements ac-
u(m) 0 cording to the formula (15) for some values of
-1 1y, excluding the motion of the rod as a whole.
In Fig. 2 there are shown the displacements
in the middle part of the rod (z = 500) p, =
0.05;0.25;0.5; 1 s. The displacements are sensi-
tive to changes of the coefficient of inelastic re-
sistance at p, < 0.5. This gives grounds to ob-
tain values of p,, if to obtain data on the change

-2

_3

4
0 150 300 450 t(s)
Fig.2. Longitudinal vibrations in the middle part of

the rod z = 500 m. Curves 1-4 correspond to the
different values of the coefficient of inelastic resistance
ey = 0.05;0.25;0.5;1 s.

of the parameters of vibration. For the greater
values of p,, the sensitivity decreases. The same
happens with the increasing time of the observa-

tion, because eventually vibrations are damped.
With increasing viscosity of the rod, the vibrations are damped significantly faster. Then the accuracy
requirements for the input u, are lower.

Let us give for some values of y,, the graphs of changes of the function of the force ®(x,t) (6) along
the length x of the rod at t = 5 s (Fig. 3a), and at t = 25 s (Fig. 3b). Parameters and characteristics of
the rod are those that have been given above. Curves 1-5 in these figures correspond to the following
values p,, = 0;0.05;0.1;0.25;0.5. As the force P is applied suddenly at the initial time ¢ = 0 and then
remains constant, at the point of force application z, the function f®(x,t) for ¢ > 0 has the jump of
the magnitude of P,. From this point, the disturbance extends in both directions. In the case of an
elastic rod u, = 0, the wave has a spasmodic form and is not damped, but partially passes through the
inner surface of the rod material changes, and partly is reflected from them, and also is reflected from
the ends of the rod. The superposition of the reflected waves and waves that passed the inner borders
forms a complex picture of changes of the elastically deformed state of the rod. If the rod is viscoelastic,
the wave front is smoothed (curves 2-5), and the more it is smoothed, the more the value of p,, is.
During passing and being reflected from the inner surface (z = 800) the viscosity causes the distortion
of the waves. This is observed in Fig. 3a) (t = 5 s). Note that for the rod under consideration, for
1y > 0.5 the curves in the graphs differ slightly. That confirms the decrease of sensitivity to changes
of this parameter.
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Fig.3. Change of the inner longitudinal force ®(x,t) (N) with respect to rod length at the moment ¢t = 5 s
(Fig. 3a) and at t = 25 s (Fig. 3b) for different values of p,. Curves 1-5 correspond to the values p, =
0;0.05;0.1;0.25; 0.5.

Show the change of the stress state of the rod at its various points for several moments of time. In
Fig. 4a, b, the graphics are presented for changes along the rod length of the inner longitudinal force
calculated at p,, = 0.5 for some moments of time immediately after applying the force P.
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Fig. 4. Function of inner longitudinal force ®(x,t): a) curves 1-5 correspond to moments ¢ = 0;1;2; 3;5 s;
b) curves 1-5 correspond to moments ¢ = 0; 10; 20; 30; 40 s.

The elastic wave propagating in both directions from the point of application of P, and the caused
by it force lay over the initial distribution of forces emerged under the action of traction force Fy and
the resistance force to motion w(x) (curve 1). As a result, the tensile force in the domain = < z, is
reduced, while for x > x, it increases and may exceed the value of Fy. Over time, when x < x, the
deformation forces are compressive and inner forces have the negative values (Fig. 4b).

Especially significant deformations and the caused by them stresses occur at the time just after the
sudden application of the force P.. With the increase of time, due to scattering of vibrational energy,
the rod should transit slowly into the steady state. Note that for objects that have a different resistance
to motion at different speeds, we must also take into account the dependence of the force w(x,t) on
time ¢t. The performed calculations do not provide for such a dependence, but the mathematical model
allows us to consider such problems.
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7. Conclusions

The problem describing the dynamic behavior of longitudinally nonuniform viscoelastic rod that moves
under the action of traction force and in the presence of the distributed forces of resistance is formulated.
The obtained solution of the considered problem allows writing down the mathematical formulae for
dynamic displacements, deformations and longitudinal forces for a sudden application of a local force
directed against the motion. The proposed approach gave us the opportunity to analyse the dynamic
process development in the rod depending on its parameters and mechanical characteristics. The values
of the coefficient of material inelastic resistance are of a particular interest. The performed calculations
showed that in the first seconds after a sudden application of a force directed against the motion, the
dynamic effects lead to a local increase in the internal tensions. Taking into account the viscosity does
not lead to their values substantial decrease. It leads to smoothing the wave front and to its distortion
as a result of reflections from the inner surfaces when considering a piecewise nonuniform rod. An
intensive force localized within the rod causes the strain increase of its parts where the traction force
is applied, and a significant increase of the inner forces within it. With this, in the running over part
of the rod, the compressive deformations and negative forces that can be evaluated in each particular
case.
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Mo3p0B>XHI KONMBAHHS B'SI3KO-MPY>XHOro NO340B>XXHbO HEOAHOPIAHOIO
CTPWXXHS Nig, AI€EI0 PO3MOoAiINEeHOro No Moro A0BXXUHI CU/I0BOrO
HaBaHTa>XeHHS

Iepa B.!, Ciraxx M.?, Boskenapeskuit 51,1

L Tinponemposcokuti HauionasvHutl YHI6epCumen 3aiisHuHo20 mpancnopmy imeni axademixa B. Jlasapana
eya. leanwnu Baasickesun, 12a, 79052, Jlveis, Yrpaina
2 Buwa wkoaa 6izmecy
1c Ilenaaxa, 41-300, Jlambposa Lypriva, [losvusa

Jurnamigay MOBEMIHKY PyXOMOTO BHJIOBXKEHOTO 00’€KTa 3MOJEILOBAHO 3 BUKOPHUCTAHHSIM
CITIBBITHOIIIEHD JJIs1 B’ sI3KO-TIPY2KHOTO CTPUKHS, KOTPHIT PYXAE€THCS 31 CTAJIOI0 IIBUIKICTIO
ITiJ1 JTI€T0 CUJIM TSATH Ta, PO3IOIIJIEHUX 110 fIOT0 JIOBXKUHI CUJT 30BHIMTHBOTO otrtopy. ocike-
HO 3MiHYy IlepeMillleHb 1 BHYTPINIHIX CHUJI IICJd PaIlTOBOrO NPUKJIAIAHHA B MOro 1epepi-
31 JIOKAJIBHOI CHJIM y TIO3/I0BXKHBOMY HAIPSMKY. 3allMCAHO CIIiBBI/IHOIIEHHS II0YATKOBO-
KpaioBol 3a7adi, MO ONMUCYE ANHAMIYHY MOBEIIHKY CTPUXKHSI, Ta OTPUMAHO 11 PO3B’I30K
y BUIJIS/I PO3BUHEHHS B Psijl 3a BiacHUMHU DYHKIigMu. [ B'S3KO-IPYKHOTO CTPUXKHS,
IO CKJAJAETHCS 3 TPbOX 3'€JIHAHUX OJHOPIMHUX CTPUKHIB, ITPOBEJIEHO AHAJI3 XBUJIHO-
BHUX IIPOIIECIB, BUKJIMKAHUX PAITOBUM IPHUKJIAJAHHSIM B 00JIACTI CTPUKHSI 30CEPE2KEHOT
CIJIM, MO0 YMHUTH Omip pyxosi. Ile BIMBaEe Ha PyX CTPHIKHS K ILJIOTO, & TAKOXK BU-
KJINKA€ XBIJIBOBI IIPOTECH, TPOXO/XKEHHS 1 BiIOWBAHHS XBUJIb HA BHYTPIMNIHIX MOBEPXHIX
3’equannb. [IpuBeeHO MOPIBHAHAS MOBEIIHKH IPYKHOTO KYCKOBO-HEOIHOPITHOTO CTPUKHS
Ta B’A3KO-TIPYKHOTO CTPUKHS 3 PISHUMHU MEXaHITHUMU XapaKTEePUCTUKAMM, 1€ XBUJI ITi T
9ac MONIUPEHHS 3aracaloTh 1 311 IKYIOThCS.
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