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THE MECHANISM OF VIBRATIONAL MOVEMENT OF TANGENT STRUCTURES
IN CLOSED VOLUMES

The subject of research in the article is the process of vibratory movement of tangent structures in closed volumes (pipes). The
purpose of this work is to investigate the mechanism of vibrational movement of tangent structures in closed volumes (pipes). The
following tasks are solved in the article: to study the oscillating motion of a tangent structure consisting of a cantilever rod with a
fixed end at the base, and by means of supports connected by dry friction with two parallel rough planes; the experimental method
confirms the possibility of vibrational movement of the inner element of the tangent structure along the cylinder. The following
methods are used: mathematical modeling and experimental study. The following results were obtained: a mathematical model of
motion of a tangent structure is proposed, consisting of a cantilever rod with a fixed end, which by means of supports is connected by
the force of dry friction with two parallel rough planes when applying a vibrating force perpendicular to the longitudinal axis of the
structure; confirmed the possibility of vibration movement of the inner element of the tangent structure (cantileverly mounted rod in a
cylindrical basis) along the outer element of the tangent structure (cylinder) when applying a vibrating force perpendicular to the
longitudinal axis of the rod. Conclusions: 1) the effect of forced oscillations on tangent structures with structural asymmetry of the
inner element of the tangent structure may cause the effect of vibrating movement of the inner element of the tangent structure relative
to the outer element; 2) possible vibration movement of the inner element of the tangent structure (cantileverly mounted rod in a
cylindrical basis) along the outer element of the tangent structure (cylinder) at an angle between the longitudinal axis of the inner
element and the direction of external vibration force, which is equal to 900; 3) possible stopping of the inner element of the tangent
structure, in the absence of the action of external vibrating force, in the place of the outer cylinder, in which the effect of the external

vibrating force has stopped.

Keywords: vibration displacement; effect; frequency; fluctuation; tangent construction, friction force; internal element; external

element; cylinder.

Introduction

Modern multi-series production in various industries
is based on the current method with extensive use of
automatic transport lines [1]. The current method of
production and operation of the automatic line are based
on the conveyor transfer of products from one
technological operation to another, while the necessary
operations are performed sequentially on a moving
conveyor. One of the types of production lines is vibrating
conveying machines. The advantages of transporting
vibrating machines are the possibility of complete sealing
during transportation of sawdust, toxic and hot cargo, the
ability to perform other technological operations in
conjunction with transportation, low wear of the load-
bearing body. Vibrating conveyors are one of the main
means of complex mechanization, automation of transport
and loading and unloading operations, with a combination
of other technological operations. The operation of
vibrating conveyors is based on the effect of vibrating
movement. Under the effect of vibrational movement
means the emergence of directed in the average movement
due to undirected in the average (oscillating) effects [2, 3].

To obtain vibrational movement, one or another
asymmetry of the system is required. We can distinguish
the following types of asymmetry: force, kinematic,
structural (constructive), gradient, wave and initial (ie
associated with the initial conditions of motion). It is also
possible to combine several types of asymmetry [3, 4].

The vibrating conveyor in general is an open or
closed sealed gutter or pipe suspended or supported on a
supporting structure. The gutter or pipe with the help of
the oscillator is reported reciprocating motion, as a result
of which the load in the gutter, one after another short
movements forward at a certain speed. The nature of the

movement of the load depends on the mode of movement
of the gutter, which is determined by the design and
performance of the drive, the type of support devices,
external loads and internal resistances of the oscillating
system [2].

The process of vibratory movement of the product
consists of a number of alternating stages: acceleration,
joint movement of products with the gutter (pipe), free
flight and braking. Vibration displacement modes are
determined by the amplitude of oscillations, the frequency
of oscillations, the angle of inclination of the working
body and the angle of inclination and the shape of the
trajectory of oscillations, and so on. As a result, the
product moves on the working body by micro throws
under the action of directed oscillations (at an angle of
20... 35°) to the axis of the working body (gutter, pipe,
etc.) in a given direction [1-3].

The main advantages of the vibrating conveyor are
[1]:

- simple design;

-no contamination of the moved material
foreign substances;

- no material losses;

- the load-bearing body is practically not prone to
wear even when transporting abrasive materials;

- the ability to combine the process of moving
material with technological operations.

At the same time, the vibrations of mechanisms and
machines have a negative impact on the operation of
equipment and devices, reduce the durability of technical
systems, and create dangerous working conditions for
maintenance personnel. In general, the area of
manifestation of vibrational interactions can be attributed
to a fairly developed direction of modern machine
dynamics.

with
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These machines have already become widespread in
a number of industries [1]. However, the flow of new
ideas and proposals for the development of vibrating
transport devices is not exhausted. Vibrating transport
devices began to be used in the food industry in the
purification of food and seed grains, as well as in mining
and processing enterprises in the separation of ore from
waste rock, etc. [4-7].

Of interest is the device for vertical movement of the
product, proposed by R.M. Brumberg (fig. 1) [8].
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Fig.1. Device for vertical movement of the product

The vibrating body is made in the form of a tube,
which is given longitudinal and transverse oscillations,
and the frequency of longitudinal oscillations is twice the
frequency of transverse oscillations. When the oscillations
are properly phased, the longitudinal force of inertia
acting on the product in its relative motion is directed
upwards precisely at the time intervals when the product is
least pressed against the pipe walls by the action of the
transverse force of inertia. During the time when the
longitudinal force of inertia is directed downwards, the
product is most strongly pressed against the walls of the
pipe. As a result, a vibrating force arises, which provides a
directed upward movement against the action of gravity.

However, the disadvantage of these designs is that
the vibration is applied to the entire gutter (pipe) with the
products, at an angle of 20 to 400, and in the device for
vertical movement of the product (at an angle of 900),
after excluding the vibrators, the product (internal body),
under the action of gravity, falls down.

Analysis of recent research and publications

The theoretical basis of the direction of application
of vibration to the movement of products is formed at the
junction of theoretical mechanics, theory of mechanisms
and machines, theory of oscillations, theory of vibrational
movement, theory of vibrational processes [1-3, 8].
Significant sections of the theory of vibrational processes
relate to the field of nonlinear mechanics, nonlinear theory
of oscillations and waves [9, 10]. Attention to the issues of
vibrational displacement is emphasized when considering
individual problems of machine dynamics [11, 12].
Vibration processes are diverse, as well as forms of
influence on the dynamic state of technical objects. The

emergence of new design and technical solutions, the
development of new classes of machines, which include
robotic devices for wvarious purposes, initiate the
expansion of research. In this regard, the processes of
contact interaction of solids are important [13]. Such
processes are studied as vibro-shock, which find
expression in the development of technical applications
related to improving the reliability of parts operating
under conditions of intense dynamic loading.

In addition, the processes of optimal control of a new
class of mobile mechanisms (robots) that can move in
environments that resist without special propellers
(wheels, tracks) are promising. Such robots consist of a
body that interacts with the external environment, and
products that are movably connected to it. The movement
of these products relative to the body characterizes the
internal degrees of freedom of the robot. Such products
are called internal, although they can be placed
structurally inside the case. Internal products interact with
the housing using forces generated by the drives. Adding
force to the internal product causes a reaction force that
acts on the housing, changing its speed, which causes a
change in the resistance force of the medium to the
movement of the housing. Thus, by controlling the
movement of internal products, you can control the
external force acting on the body and, as a result, the
movement of the system as a whole. This principle of
movement is suitable for mobile mini and micro robots.
The body of these robots can be made sealed and smooth,
does not contain protruding parts, which allows them to be
used for non-destructive inspection of miniature technical
objects, such as thin-walled pipelines of small diameter.
Mobile systems that move and resist in the environment
due to the movement of internal products attract the
attention of not only specialists in robotics, but also
researchers and engineers in the fields of vibration and
precision mechanics [14-17]. In many cases, the vibration
effect is considered as a factor of influence on the state of
interacting parties. To a lesser extent, the features of
friction bonds that are characteristic of technological
processes of  vibration displacement, vibration
strengthening, and vibration transportation, associated
with the contact of touching products and the resulting
effects, have been studied.

The purpose of the article is to investigate the
mechanism of vibrational movement of tangent structures
in closed volumes (pipes).

Problem solving. (Presenting main material)

The study of the effect of vibration load on the
dynamic properties of the elements of tangential structures
will be carried out taking into account the fact that tangent
structures are nonlinear mechanical systems in which
nonlinearity is due to the presence of forces such as dry
friction. Therefore, despite the fact that a number of
applied problems of the theory of mechanical oscillations,
under certain assumptions, can be solved in a linear
formulation, for the study of the dynamics of tangential
structures linear formulation is unacceptable. The main
difficulty in solving problems of the theory of oscillations
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in the presence of forces such as dry friction is not due to
the analytical nature of their characteristics, the
differential equations of motion at individual stages are
written in different analytical forms. As a rule, at each
stage the equations are quite easily integrated. The main
difficulty is the search for moments of transition from one
stage of movement to another. The general laws of the
influence of vibration on the dynamic behavior of
nonlinear mechanical systems must be reflected in the
oscillations of tangent structures.

Fig. 2 shows a diagram of a single-mass model of a
tangent structure placed between two rough planes: the
upper 1 and the lower 2.

The mathematical model of the motion of the mass
m in the projections on the axis 0X and 0Y associated
with the vibrating planes will be as follows:
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Fig. 2. Scheme of vibrational displacement of a single-mass
model of a tangent structure
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where F; is the friction force between the upper support
and the upper plane, H; F, is the friction force between
the lower support and the lower plane, H; N, - normal

reaction between the lower support and the lower plane,
H; N, is the normal reaction between the upper support

and the upper plane, H; X — acceleration of the mass m
along the X axis, m/s2; § — acceleration of the mass m

along the Y axis, m/s?; g — acceleration of gravity, m/s?; x

— velocity of mass m along the x-axis, m/s; o — frequency
of external force F, Hz; g — angle of action of external

force F, Grad.; t — time, s; A — amplitude of forced
oscillations, m; f; is the effective coefficient of dry

friction between the mass supports m and the rough
planes; fyq is the effective coefficient of dry friction at

rest between the supports of mass m and rough planes.
The written system of equations is a nonlinear
system of ordinary differential equations with periodic
coefficients, which allows numerical integration. System
analysis allows you to describe the process that is
happening. Let's consider the action of forces, starting
from t=0, when the force of inertia is zero, and then begins
to increase in absolute value, being directed forward (in
the direction of the X axis) up (the force F acts). During
the first half of the period, while 0 < t< /@, the horizontal
component of the inertia force is directed along the X axis,
tends to shift the mass m to the right. This is facilitated by
the vertical component of the force of inertia, which,
subtracting from the weight, reduces the normal response
of N, to the value m-A-@’-sinwt-sing and, thus,

reduces the modulus of friction force F, . In this case, the

friction force F; increases by the same amount. Normal
reactions in this case are determined by expression:

—f-N, mpu x>0
FZZ fl'NZ npu x<0 . (1)
fig:No npu x=0

N, =k-(Ay,—y)+m-g-m-A-@’ -sinet-sin g; @)
N, =k-(Ay,—y)+m-A- o -sinet-sin S,

where Ay,, Ay, is the value of the pre-compression of the

upper and lower elastic elements of the model, m; k is the
stiffness of the elastic elements of the model, N/m.

As a result, the horizontal component of the force of
inertia m-A-w”-coswt-cos 8 on the shoulder h will
create a moment that is directed counterclockwise. The
force of friction F, on the shoulder (h, + h,) will create

a moment that prevents the rotation of the inner element
of the structure. If the condition

Fz~(hl+h2):hl-m-A-a)z-sina)t-cosﬂ is met, the

lower (2) support will be displaced in the positive
direction of the X axis.

During the second half of the period, when w/w <t <
2n/w, the force of inertia is directed in the opposite
direction and its horizontal component tries to shift the
mass m to the left. In this case, the vertical component of
the inertia force reduces the normal reaction N; and

increases the normal reaction N, . The friction force F
decreases, the friction force F, increases. The horizontal
component of the force of inertia Ig on the shoulder h,

creates a moment that is directed clockwise. The friction
force F; on the shoulder (h, + h,) creates a moment that

resists the rotation of the inner element of the structure. If
the condition F -(h1+h2): h,-m-A-@”-sinwt-cos g is

met, the upper (1) support will be displaced in the
negative direction of the X axis.

As a result, the directional movement of the tangent
structure in the form of mass m on the elastic supports
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relative to the rough planes will not occur. Thus, in
contrast to the classical problem of body motion on a
vibrating rough plane, a necessary and sufficient condition
for vibration is the presence of friction between a point
and a plane obeying Coulomb's law and excitation
asymmetry (difference of vibration angle from n/2 and
from 0), these conditions do not lead to vibrational
displacement of the elementary tangent structure (mass
connected by elastic supports with two rough parallel
planes). To carry out the process of vibrational movement
of the elements of tangent structures relative to each other,
a prerequisite is the presence of structural asymmetry of
the model.

Consider the process of vibrational movement of a
tangent structure, the scheme of which is shown in fig. 3.
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Fig. 3. Scheme of the tangent structure of the cantilever type

Fig. 2 presents a tangent structure that consists of a
cantilever rod 1 with the end fixed in the base 2. The base
of the beam 2 is connected by means of supports 3 by the
force of dry friction with two parallel rough planes. Let's
link the core of the rod to the XOY coordinate system. Let
the rod be affected by a harmonic force F, which is
directed perpendicular to the rod, applied at a distance X;
from the base. Consider the first half of the period when
the force F is directed towards the negative values of the Y
axis (down). In this case, the rod starts moving in the same
direction. As the rod moves down, the friction force
between the lower support and the lower plane F; will

increase, and between the upper support and the upper
plane F, will decrease. The force F on the shoulders of
X1 will result in a pair of friction forces F; and F,. The
force F, is directed toward the negative X-axis value
(left), and the force F in the direction of the positive X-
axis (right). Since | F, | < | F |, the resultant of these forces

will be directed towards the positive values of the X axis
and is not equal to 0. The resulting friction force on the
shoulder r will result in a moment relative to the axis that
passes through the lower support, which will lead to a
micro-rotation of the rod base in the XOY plane relative
to the axis that passes through the lower support. At the
change the direction of the force F (the second half of the

period) the direction and magnitude of the friction forces
F, and F, also changes. The force F; is directed toward

negative values of X-axis and the force F, in the

direction of the positive x-axis. Since the rod is moving
up, | Fo | > | F|. In this case, the resulting friction force is

directed towards the positive values of the x-axis. The
resulting friction force on the shoulder r will lead to a
micro-rotation of the rod base relative to the axis passing
through the upper support. Therefore, for any direction of
action of the force F along the Y axis, the resulting friction
force will be directed in one direction. The action of this
force on the shoulder r leads to the process of vibrational
movement of the rod base along parallel planes.

Based on the considered process of vibrational
movement of elements of tangent structures, the following
mathematical model of motion of inner element of tangent
structure relative to outer element (in the form of two
parallel rough planes) under the action of forced
oscillations directed perpendicular to outer planes is
proposed (fig. 2). The harmonic force F acts on the rod,
which is directed perpendicular to the longitudinal axis of
the rod.

The equation of motion of the inner element of the
tangent structure relative to the outer is represented in the
form:

m-¢g=M,+M, 3)
Ax=d-tg(t), 4)
X +1=X%, +AX, (5)

where m, is the mass moment of inertia of the base,
kg-m2; M, — the moment created by the force F on the
shoulder X, , relative to the axis, n-m; ¢ is the angle of
rotation of the base, at the plane XOY, Grad.; M, —
moment of friction forces, n-m; Ax, — change in the

movement of the base along the X axis, m; d is the distance
between the outer planes, m

M,=X - (6)
2
M,=f-d- Z-L k- Ay, (7
((»"-o") ]

where p — natural oscillation frequency of the cantilever
rod.
If M, <M, then x=0, there is no movement of the

rod base along parallel planes.
And if M, >M,,, then the process of vibrational

movement of the internal element of the tangent structure
relative to the external one takes place.

Experimental studies carried out on the experimental
setup shown in fig. 4 confirmed the possibility of
vibrational movement of the inner element of the tangent
structure (cantilevered rod in a cylindrical base) along the
outer element of the tangent structure (cylinder) when
applying vibration perpendicular to the longitudinal. In
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this case, the inner element of the tangent structure was
subjected to vibration. Experimental studies have shown
that it is possible to change the direction of motion, both
by changing the forced frequency of oscillations, and by
changing the coordinates of the point of application of
external harmonic force. As for the magnitude of the force

under which the movement of the inner element of the
tangent structure relative to the cylinder, it is about 20%
of the dry friction force between the supports of the inner
element of the tangent structure and the cylinder in the
absence of oscillations of the tangent structure.

Fig. 4. General view of the experimental model of the tangent structure

In addition, experimental studies have revealed the
possibility of vibrating movement of the inner element of
the tangent structure (cantilevered rod in a cylindrical
base) along the outer element of the tangent structure
(cylinder) with the vertical placement of the experimental
installation. But in contrast to the device of R.M.
Brumberg, when the external vibrating force stops, the
inner element of the tangent structure, due to the friction
force of rest, stops in the place relative to the cylinder in
which the external vibrating force stopped (the base with
the rod does not fall down the pipe).

Conclusions

Analysis of research results allows us to draw the
following conclusions:

1) under the action of forced oscillations on tangent
structures with structural asymmetry of the inner element
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MEXAHI3M BIEPAIIMHOI'O MEPEMIIIEHHA JOTHUYHUX KOHCTPYKIII B
3JAMKHYTHUX OB'€EMAX

Ipeamerom IOCTiKEHHS B CTATTI € MpOIeC BiOpamifHOTO MEepEeMIleHHs TOTHYHIX KOHCTPYKIIN B 3aMKHYTHX 00'eMax (Tpy0ax).
Meta poOOTH — TOCTITUTH MEXaHi3M BiOpaIiiHOTO MEepeMIlleHHs] JOTHYHUX KOHCTPYKIA B 3aMKHYTHX 00'eMax (Tpy0Oax). B crarti
BUPILIYIOTHCS HACTYNHI 3aBJAHHfA. MPOBECTH JOCITI/PKEHHS KOJMBAJIBHOTO pYXy HOTHYHOI KOHCTPYKIIl, IO CKJIAJAETHCS 3
KOHCOJIBHOTO CTPIJKHSI 3 3aKpIIUICHUM Ha OCHOBI KiHIIEM, i 3a JONOMOTrOI0 ONOp MOB'S3aHHH CHJIOK CyXOro TepTs 3 JBOMa
napajielbHIMH IOPCTKUMH TUTOLIMHAMHE; €KCIIEPUMEHTAIbHIM METOZOM MiATBEPAXKYETHCS MOXKIIMBICTH BIOpaI[ifHOTO MepeMilleHHs
BHYTPILIHEOTO EJIEMEHTY JOTHYHO! KOHCTPYKILii B3JOBX LWIIHIAPY. BHKOPHUCTOBYIOTBCS Takd MeTOAM: MaTEMaTHYHOTO
MOJICIIOBAHHS Ta EKCIIEPUMEHTAIBHOTO TOCIi/KeHHsI. OTpHMaHO HACTYIHI pPe3yJbTAaTH: 3a[PONOHOBAHA MaTeMaTH4YHa MOJIENb PYXY
JOTHYHOI KOHCTPYKIII, sSIKa CKJIQJA€ThCsl 3 KOHCOJBHOTO CTPWIKHS 3 3aKpIiIUICHHM Yy OCHOBI  KiHIIEM, IO 32 JOIOMOTOI0 OHop
[OB’s13aHa CHJIOK0 CYXOro TepTs 3 JBOMa MapaliebHAMU LIOPCTKMMH IUIOIIMHKAMH TIPH TNpUKIafaHHI BiOpauiitHoi cuim
MEPICHNKYIISIPHO MOB3IOBKHIA OCI KOHCTPYKIIIT; MiITBEpAKEHA MOXIIUBICTE BIOPAIiifHOTO MepeMillleHHs BHYTPIIIHBOTO €IEMEHTY
JOTHYHOI KOHCTPYKIii (KOHCONBHO 3aKpIIICHOTO CTPWXKHS B IIMJTIHAPWYHIA OCHOBI) B3JOBX 30BHINIHBOTO E€IIEMEHTY IOTHYHOL
KOHCTPYKUIT (IMJTIHAPY) NPH MPUKIAAaHHI BiOpaIiifHO CHIIM MEPIeHUKYISIPHO MOB3I0OBKHIHM oci cTprkHs. BucHoBkm: 1) mpu mii
BUMYILICHUX KOJMBAHb HAa JOTHYHI KOHCTPYKIIi 3 KOHCTPYKTHBHOIO aCHMETPi€l0 BHYTPIIIHBOTO €IEMEHTa JOTHYHOI KOHCTPYKIii
MOXJIMBE BHUHUKHEHHS e(eKTy BiOpaliifHOro mepeMilieHHss BHYTPIIIHBOTO €1eMEHTa IOTUYHOI KOHCTPYKIIT BiTHOCHO 30BHIIIHBOTO
eleMeHTa; 2) MOXKJIMBE 3/iHCHEHHs BiOpAliiHOrO MEpeMillleHHs BHYTPIIIHBOTO EIeMEHTY IOTHYHOI KOHCTPYKLIl (KOHCOJBHO
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3aKpIIICHOTO CTPWKHS B LIIIHIPUYHIA OCHOB1) B3[JOBX 30BHIIIHBOTO €IEMEHTY AOTHYHOI KOHCTPYKUIl (UMIIHAPY) NPH KYTi MiX
TIOB3/IOBKHBOI0 BICCIO BHYTPIIIHBOTO €IEMEHTY Ta HAmpsIMKOM [ii 30BHIIIHBOI BiOpamiiiHoi cwum, skuil nopiBHioe 900 ; 3)
MMOJIMBa 3yIIMHKA BHYTPINIHBOTO €JIEMEHTa JOTHYHOI KOHCTPYKIII, MpH BiACYTHOCTI Aii 30BHIIIHBOI BiOpamiiHOI crin, B TOMY
MICIIi 30BHIITHBOTO IWIIH/APA, B SKOMY TPUITHHIIIACK JTis 30BHINTHBOT BiOpAIliiftHOT CHITH.

KmiouoBi cioBa: BiOpamis; mepeMilieHHs; e(eKT; YacTOTa; KONMBAHHS; AOTWYHA KOHCTPYKIis, CHJIAa TEpTs; BHYTPIIIHIH
€JIEMEHT; 30BHIIIHIN eJIeMEeHT; IUIIHAP.

MEXAHHW3M BUBPAIMOHHOT'O HEPEMEIEHUST CONPUKACAIOIIUXCS
KOHCTPYKIHMHU B 3BAMKHYTBIX OB bEMAX

IIpeameTroM wucclneoBaHUS B CTaTbe SBISETCS IPOLECC BHOPALMOHHOTO MEPEMEIICHHs CONPUKACAIOIMXCS KOHCTPYKLHH B
3aMKHYTBIX oObeMax (TpyOax). Lleabp paboThl — wHcClenoBaTh MEXaHM3M BHOPAIIMOHHOTO TIEPEMELICHUS COMPUKACAIOUIMXCS
KOHCTPYKIHHA B 3aMKHYTHIX 00beMax (TpyOax). B cTaThe permaroTcs cienyroniue 3agayu: IPOBECTH UCCIEIOBAHUS KOJIeOATEIbHOTO
JIBIDKEHHSI KacaTeJbHOH KOHCTPYKIHUH, COCTOSIIEH M3 KOHCOJBHOTO CTEP)KHS C 3aKpEIUICHHBIM Ha OCHOBE KOHIIOM, M C IIOMOIIBIO
OIIOp CBSI3aH CHJIOM CYXOro TpEHHs C ABYMs MNapaJUICIbHBIMH IIEPOXOBATHIMH IUIOCKOCTSIMH; 3KCIEPUMEHTAIBHBIM METOIOM
MOATBEP)KAACTCSI BOSMOKHOCTh BHOPAIMOHHOTO IIepEMEIIeHHsT BHYTPEHHET0 JIeMEHTa KacaTelbHO KOHCTPYKIIUH BIOJIb IMIIMHIPA.
HUcnonp3yroTest  ciaenyronpe MeTOAbI: MaTeMaTHYeCKOr0 MOJEIHMPOBAHUS M OSKCIIEPUMEHTAIBHOTO HccienoBaHus. [loxydeHs
CleIyIolINe Pe3y/abTaThl: NPEJIOKEHa MaTeMaTH4YecKas MOJEb ABIKCHHS CONPUKACAIOIICHCS KOHCTPYKIHMH, COCTOSIICH H3
KOHCOJIBHOTO CTEp)KHS C 3aKpPEIUVICHHBIM Ha OCHOBE KOHIIOM, C IIOMOINBIO ONOp CBf3aHa CHJIOH CyXOro TPEHUs C JBYMs
HapaJuleIbHBIMU  LIIEPOXOBATHIMH IUIOCKOCTAMHM HPH HPHIOKEHUH BHOPALMOHHOW CHJIBI TNEPICHAMKYJISIPHO IPOJOJIBHOI ocH
CTEp)KHS; HOJITBEP)KIACHA BOSMOXKHOCTH BHOPAI[MOHHOTO IIEPEMEIICHUS BHYTPEHHETO 3JIEMEHTA COIPUKACAIOIIECHCS KOHCTPYKLIUH
(KOHCOJIBHO 3aKpETUICHHOTO CTEPXKHS B HWJIMHAPHIECKOM OCHOBAHHUH) BJIOJIb BHEIIHETO JJIEMEHTA CONpPHUKAcAoIeiicss KOHCTPYKIHN
(LnnuHOpa) TpH MPUIOKEHHH BUOPAIIMOHHOH CHIIBI IEPHEHANKYJSIPHO NPOJONBHOM ocu crepkHS. BwIBoabl: 1) mpu neiictBun
BBIHY)KJICHHBIX KOJEOaHMH Ha COINpHKAcaromelcs KOHCTPYKIMH C KOHCTPYKTMBHOW acHMMETpHEH BHYTPEHHEro JJIeMeHTa
COIpHUKacaomeiics KOHCTPYKIMH BO3MOXKHO BO3HHKHOBEHHE 3(dexTa BHOPaIMOHHOTO IePEeMEIIeHHs] BHYTPEHHETO DSJIeMEHTa
COIpHKacaromeiicss KOHCTPYKIIMU OTHOCHTEIBHO BHEIIHETO JJIEMEHTa; 2) BO3MOXHO OCYILIECTBICHHE BUOPAIIMOHHOTO MepeMeIeHHUS
BHYTPEHHETO JIEMEHTa COIPHUKAacarouieiicss KOHCTPYKIHN (KOHCOJIBHO 3aKPEIUICHHOTO CTEPXKHS B IMIMHAPHYCCKON OCHOBE) BIOJb
BHEILTHETO 3JIEMEHTA CONPHUKACAIOIIEHCS KOHCTPYKIMH (LMIMHIpA) IPH yriie MEeXIY HPOJNOIBHON OCBI0 BHYTPEHHETO SJIEMEHTA U
HampaBleHHEM JAEHCTBUS BHEIIHEW BHOpamuoHHOW cmibl, paBHOM 900; 3) BO3MOXKHAa OCTaHOBKA BHYTPEHHETO OJIIEMEHTa
COIPHKACAIOIICHCS KOHCTPYKIMH, IPH OTCYTCTBHH JeHICTBUS BHEIIHEH BHOPALMOHHOMN CHIJIBI, B TOM MECTE BHEUIHErO LMINHIPA, B
KOTOPOM HpeKpaThiiach IeUCTBHE BHEIIHEH BHOPAIMOHHON CHIIBL.

KunioueBsie cioBa: BuOpanus; nepemenieHue; 3p¢GeKT; 4actora; KojaeOaHHs; CONPHKACAIOMAsICS KOHCTPYKIUS, CHIa TPEHUS,;
BHYTPCHHHH 2JIEMEHT; BHEIIHHI JIEMEHT; LIWIHHIP.
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