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Abstract. The results of an analytical study of
the effect of loads on the equipment of a single-
bucket excavator are presented, and an analysis of
previous studies is performed.

The work highlights that the work process of a
universal single-bucket excavator is a cycle of
performing operations - digging and transporting
soil.

Universal excavators can perform work above
and below the level of their parking lot with the
working equipment of forward and reverse shovels
or with the help of additional interchangeable
equipment.

During the work process, static and dynamic
loads occur on the machine and mechanisms, which
affect the stability of the machine and safety on the
work site.

To increase the stability of single-bucket
universal excavators when working on an inclined
plane and increase the efficiency of the machine in
quarries, construction sites, when disassembling
rubble after man-made disasters, accidents, and
military operations, it is necessary to create a
balancing mechanism of automatic action.

The calculation of the stability of a universal
single-bucket excavator with an adaptive movable
counterweight with working equipment forward and
reverse shovel in the basic calculation positions,
which are performed when calculating universal
single-bucket excavators, has been developed. For
an excavator equipped with a reverse shovel, the
calculation is made for two positions. Calculation of
the stability of an excavator with straight shovel
equipment, performed for four positions.

Due to the adaptive movable counterweight, an
additional, adjustable, arm appears, which
automatically balances the system when necessary.

Thanks to the automatic system, the single-
bucket excavator can work and move on a more
inclined plane, the moving counterweight will
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balance the machine itself, and it is also possible to
increase the holding moment and prevent the
excavator from tipping over.

The expediency of using an adaptive moving
counterweight for single-bucket excavators is
described. Examples of the use of a movable
counterweight in other machines are given. The
analysis of related studies was performed and the
expediency of using an adaptive moving
counterweight in them was substantiated.
Preliminary studies in the development of a
movable  counterweight  for  single-bucket
excavators are provided. The calculation of the
stability of a single-bucket excavator with an
adaptive movable counterweight in the main design
positions has been developed.

Keywords: adaptive moving counterweight,
stability, holding moment, overturning moment.

INTRODUCTION

More than 90% in our country perform work
with universal excavators. Universal single-
bucket excavators perform work in quarries,
construction sites and in urban conditions. They
are widely used for dismantling the rubble of
buildings and structures after disasters,
accidents and hostilities

Single-bucket excavators can have one type
of working equipment or be equipped with
variable types installed on the machine
depending on the work being performed. In the
first case, excavators are called special, and in
the second - universal.

Universal excavators can perform work
above and below the level of their parking lot
with the working equipment of forward and
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reverse shovels or with the help of additional
interchangeable equipment.

A single-bucket excavator is one of the main
machines used to dismantle debris during
rescue and recovery work [7].

To increase the working area, for example,
in the development of large pits, on loading and
unloading, as well as on excavation work,
dragline work equipment is installed on
excavators. [1]

The development of deep excavations, pits,
wells is carried out using the working
equipment of a grab, for planning works -
special planning equipment. Excavators can
also be equipped with cranes, pile breakers, and
other interchangeable work equipment. more
than 40 species in total.[1]

On hydraulic excavators, during operation, a
large force is exerted on the teeth and the
cutting part of the bucket due to the rigid
articulation of the elements of the working
equipment with each other and with the base
part of the machine, which works in terms of
stability as a single unit. This makes it possible
to hang buckets with a larger capacity on
hydraulic excavators - on average by 60%
compared to the buckets of rope excavators, in
strong, even conditions. [1]

The working process of a universal single-
bucket excavator is the cyclical performance of
operations - digging and transporting soil.
During the work process, static and dynamic
loads occur on the machine and mechanisms,
which affect the stability of the machine.

With this, the load on the parts and
mechanisms of the machine increases, which
can lead to their destruction, and also reduces
the stability and balance of the machine as a
whole.

In order to ensure stability under the
maximum possible loads on the excavator,
increase the slope of the working platform, and
increase the efficiency of the machine, it is
advisable to develop an adaptive movable
counterweight, which will automatically
compensate the load on the rotary platform
mechanism and prevent the machine from
overturning.
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THE GOAL OF THE WORK

Analytical study of dynamic and static loads
on a single-bucket excavator and attachments
and their impact.

SCIENTIFIC NOVELTY

Study of power parameters and modes of
motion of a movable counterweight. Creation
of means of ensuring stability and increasing
the efficiency of a single-bucket excavator due
to a movable counterweight. Study of an
adaptive system for ensuring the balance of a
single-bucket excavator.

PROBLEM

One of the consequences of Russia's full-
scale armed aggression, which began on
February 24 last year. As of November 2022,
the damage caused to the housing stock of
Ukraine amounts to $52.5 billion. Currently,
the share of the housing stock in the total
amount of damage is 38.6%. The number of
destroyed and damaged private and apartment
buildings increased by 8 thousand to 143.8
thousand compared to September 2022. Of
them, 126.7 thousand were private (individual)
houses; 16.8 thousand — multi-apartment
buildings; almost 0.3 thousand are
dormitories[6].

Various means of mechanization are used to
dismantle  rubble, mainly construction
machines, which do not always meet the
requirements of these works.

To increase the stability of single-bucket
universal excavators when working on an
inclined plane and increase the efficiency of the
machine in quarries, construction sites, when
disassembling rubble after man-made disasters,
accidents, and military operations, it is
necessary to create a balancing mechanism of
automatic action. Dismantling the rubble of
buildings and structures under the rubble of
which the victims are located is especially
relevant at the moment.

A single-bucket excavator is one of the main
machines used to dismantle debris during
rescue and recovery work [7]. Single-bucket
excavators with attached equipment in the form
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of hydraulic hammers, hydraulic chisels, disc
saws, loosening teeth, hydraulic chippers, grab
buckets for lumpy and bulk materials are used
for the elimination of simple and medium-sized
piles. Before disassembling complex rubble,
long-dimension reinforced concrete structures
are cut (sliced) with hydraulic chippers or disc
saws, which are installed on excavators or
instead of dumps of engineering machines, with
subsequent transportation of structures by road
pavers or grab machines [8].

Performing work with a single-bucket

universal excavator requires timely preparation
of the work site, transportation over
unevenness, inclined planes, which in critical
and emergency situations is not always possible
or requires additional time. All this increases
the time and complexity of the work.
In order to ensure stability under the maximum
possible loads on the excavator, increase the
holding moment, increase the efficiency of the
machine, and increase safety at the work site, it
is advisable to develop an adaptive movable
counterweight, which will automatically
compensate the load on the rotary platform
mechanism and prevent the machine from
overturning.

PRELIMINARY RESEARCH
In the patent for a useful model of a single-

bucket excavator, which is highlighted in Fig.
1, the problem of the stability of the excavator

is solved. It was found that the center of mass
changes on an inclined plane, which reduces the
stability of the machine, and during operation,
the stability of the machine against overturning
was ensured [5].

The bodies of hydraulic cylinders are
horizontally attached to the rotary platform in
directions with the possibility of longitudinal
movement. The rods are fixed to the
counterweight.

During the operation of the working
equipment, the center of mass is shifted to the
front, in order to avoid overturning the
machine, the driver switches the distributor that
pushes the counterweight until the excavator
takes a horizontal position.

Let's consider the hydraulic scheme of
advancing the counterweight in Fig. 2. A
pressure line 6 and a drain line 7 are connected
to the two-position distributor 8 with manual
control. The outlet nozzles of the distributor 8
are connected to a three-position, two-line
distributor 9 with hydraulic control. The outlet
pressure nozzle of the distributor 9 is connected
through the flow divider 10 to the piston
cavities of the hydraulic cylinders 3, and the
drain nozzle is connected to the rod hydraulic
cylinders [5].

The hydraulic control chambers 11 of the
distributor 9 are connected by hydraulic lines to
the piston cavities of the vertical hydraulic
cylinders 12, which are mounted on the
platform with their housings, and the hydraulic

Frard non0xexHs Apomubaze

Fig. 1. A useful model of a single-bucket excavator with a movable counterweight

40

ISSN(online)2709-6149. Mining, constructional,
road and melioration machines, 102, 2023, 38-48



MALLINHN AAA SEMAAHNX, AOPOXHIX | AICOTEXHIYHNX POBIT

cylinders 12 are located in the plane of the
longitudinal axis of the excavator, and the rod
cavities of these hydraulic cylinders are
interconnected. The same masses 13 and 14 are
installed on the rods of hydraulic cylinders 12,
which are fastened together by a rocker arm 15,
which rests with its middle part on a stop 16
with the possibility of rotation around it.[5]

Fig. 2. Metal structures of the working equipment
of a single-bucket excavator

The disadvantage of this design is that the
system is not automatic and adaptive, the
counterweight is extended only longitudinally,
only along one line.

It is advisable to develop an adaptive
movable counterweight system that would
adapt to external conditions, ensure the stability
of a single-bucket excavator without the
assistance of a driver, and reduce the effect of
static, dynamic loads on the working
equipment, nodes and rotary platform, move
around the rotary platform and longitudinally.

In the analytical study of related
developments and researches in the field of
increasing the efficiency of single-bucket
excavators in disassembling rubble and
emergency rescue work, such as a single-bucket
excavator with a spatially oriented boom [9].

The proposed design of the boom system of
the excavator makes it possible to manipulate
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the working body in compressed conditions of
rubble of destroyed buildings, reducing the
danger of finding rescuers in these conditions.
In addition, the productivity of performing
rescue operations from one car parking place
increases. [9].

It was determined that the excavator during
operation has a probability of loss of stability
and there are risks of the machine tipping over,
it is proposed to modernize the machine with a
movable counterweight.

In the research and development of a single-
bucket excavator with telescopic working
equipment, it was determined that the use of
working equipment with a two-section
telescopic boom and a traditional handle allows
you to increase the digging depth by 17.7% by
pushing out one boom telescope and by 36% in
the case of pushing out both boom telescopes,
while achieving an increase in soil volume by
29% and 51%, respectively, when digging from
one excavator stand. The calculations
performed using the proposed method of
integral calculations confirm the efficiency of
the structure. The use of the proposed working
equipment allows you to increase the volume of
the developed soil from one parking lot of the
excavator, as well as to expand the functional
capabilities and the range of performed works
[10].

When the handle is increased, the shoulder
and overturning forces increase, which
significantly affect stability, the risks of the
excavator tipping over and the machine's
carrying capacity decrease. To ensure the
stability, efficiency and safe use of the
development, the development of an adaptive
movable counterweight is required, which
would adjust the counterweight to the normal
conditions of stability of the machine when the
reach of the boom is increased.

APPLICATION OF MOVABLE
COUNTERBALANCE IN OTHER
MACHINES

A movable counterweight is used in
pipelayers, which positively contributes to
increasing the efficiency and maintaining the
stability of the machine. The machine has a
counterweight that can be thrown away - this is
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a rational design, because when working with a
load, the counterweight can be thrown away,
which in turn increases the load moment of the
structure.[3]

There are also successful developments of
mobile counterweights for the modernization of
mobile cranes to increase machine productivity.
The movable counterweight increased the load
characteristics, without a significant change in
the design. The drive of the movable
counterweight is low-power, so it can be
introduced into the system without replacing
the last elements [4].

STABILITY CALCULATION OF A
UNIVERSAL SINGLE-ARM EXCAVATOR
WITH A MOVABLE COUNTERBALANCE

The stability of the excavator is the ability of
the machine to resist external loads, including
the gravity of the soil in the bucket, as well as
the component parts of the excavator, the
resistance of the soil to digging, and the forces
of inertia that prevent the excavator from
tipping over and moving the supporting part of
the excavator relative to the soil base [2].

The static calculation includes a check of the
general stability of the excavator and the
balancing of the platform.

The stability of the excavator is
characterized by the coefficient of stability

where M —the moment of all the forces keeping
the excavator from overturning;

M —the moment of all the forces contributing
to the overturning of the excavator.

For different types of variable working
equipment and different modes of operation,

42

their limits of the stability coefficient are
recommended. For normal conditions K, =
1,1 +1,2.

The stability of the excavator is divided into
two groups - the stability of the machine when
digging the soil and all other states of the
excavator.

In calculating the stability of a single-bucket
excavator with a movable counterweight, we
will use the basic calculation provisions that are
used to calculate the stability of this type of
machine.

The calculation of the excavator with the
reverse shovel equipment is performed for two
positions:

1. The excavator is on a horizontal plane, the
bucket is separated from the soil at the edges of
the face under the action of maximum forces,
which are generated by lifting the boom (Fig.
3). The direction of soil reaction on the bucket
teeth is perpendicular to the line connecting the
center of rotation of the boom and the cutting
edge of the bucket. The movable counterweight
is automatically moved as close as possible to
the rotary platform.

1
R=—2=P T8 T T8, T8

r umax K K

Stability reserve coefficient for the first
position, taking into account the movable
counterweight:

Gr +Gr +g r +g 1
MM non np np  “pn pn

vy
RJR+ gi{rK+ gcrc+ gprp

where 8 o~ the weight of the movable
counterweight;
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Fig. 3. Scheme for determining the stability of an excavator with a movable counterweight, equipped with
a reverse shovel, at the calculated position 1

2. The machine is located on a surface that is
inclined to the horizon at an angle of 12°. K = A
Cohesive soil is unloaded at the maximum Y (A+D)tga+g | +gl +gl
reach of the bucket (Fig. 4). The movable wEerr et
counterweight is extended to the maximum
distance from the rotary platform.

The stability margin factor will be

whereA=G h +G h +g h +g
m om n n

np o np

D=g h +g,r +8h;iK>LI5

h
propn

Fig. 4. Scheme for determining the stability of an excavator with a movable counterweight, equipped with
a reverse shovel, at the calculated position 2
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The stability of an excavator equipped with
a straight shovel is perform for four positions:

1. The machine is installed on a horizontal
plane, the working equipment is installed at 90°
relative to the running device, the bucket is
empty, the teeth of the bucket are located at the
level of the pressure shaft, the boom is inclined
at 45° from the horizon (Fig. 5). The force on
the teeth of the bucket is equal to the pressure
of the safety valve of the hydraulic system. This
case leads to the likely overturning of the
excavator relative to the outer faces of the
outriggers, support rollers, pneumatic tires.
Therefore, the movable counterweight, in this
case, will be automatically located under the
support contour and moved as much as possible
to the rotary platform.

The stability margin factor will be calculated
as follows:

Gr+Gr +g v +g r
K = 6 @ non np np pn pn
¥
P axl3+gh‘lk_+gplp+gclc

m

where P -the maximum vertical force on the
cutting edge of the bucket, determined from the
condition of equilibrium of the handle, #; G _—
the force of gravity of the trolley chassis, H;
88,08, gravity of the handle, bucket and

boom, H#; G - the force of gravity of the rotary

platform with the devices located on it, #- a;
8™ gravitational force of the counterweight,

H; 8™ the force of gravity of the moving

counterweight;
shoulders r . 7, P T Ly Lo 10 L

The stability margin coefficient is in the
interval 1,05 -1,1.

by

Fig. 5. Scheme for determining the stability of a single-bucket excavator with a movable counterweight,
equipped with a straight shovel, in the working process

2. During normal operation, the machine is
installed on a horizontal plane, the working
equipment is located perpendicular to the
undercarriage, the handle is horizontal and
maximally extended, the boom is located at an
angle of 45° from the horizon, the bucket is full
(Fig. 3). First of all, for hydraulic excavators,
the force Py, is calculated, the rotation of the
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handle relative to the boom under the action of
forces in the cylinders that correspond to the
nominal pressure in the hydraulic system is
considered. The value of the effort P, directed
from itself, is determined based on the
implementation of the nominal oil pressure in
the boom hydraulic cylinders with the already
found value of P;. The adaptive movable
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counterweight is on the opposite side of the
overturning forces at the maximum distance.

Overturning is possible relative to the outer
faces of support rollers, outriggers or
pneumatic tires. To prevent loss of stability
and overturning of the machine in automatic
mode, the movable counterweight is located on
the opposite side of the overturning forces.

K =
Y M

mep

Gr+Gr+gr 4+gr
TT on op op pn pn

K = .
¥ \ \ '
P113+ Puru+ gK.FlK+ gp1|<+ gclc

Values included in the upper equality P;,
Py set from the balance equation of the handle
with the bucket relative to the axis of the
pressure shaft:

Su_pa— g ¢~ gpd ‘

P = b :
B+g,{ecl+gpdl+gcl1
P = ,
H h

where B:Pu.c“ - P b P - centrifugal

1 max 1’

force from the rotation of the platform, which
passes through the center of gravity of the
bucket and crosses the axis of the platform at
an angle of 90°; P , P — forces in hydraulic
cylinders for turning the handle and boom, H;
g — the force of gravity of the bucket with the
soil, H.

The stability margin coefficient is in the
interval 1,05...1,1.

3. The equipment with fixed in the transport
position. The machine moves uphill (Fig. 6).
The overturning of the machine is facilitated
by the air load. The calculation of stability is
carried out for the maximum inclined support
surface of the movement. The maximum angle
of elevation is in the conditions of maximum
traction of tracks (wheels) with the road or
traction force:

arcigg c 2 X i < N
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where ¢ - traction coefficient of tracks

(wheels) with the road; «,~ the angle of

elevation determined Dby the traction
calculation:

1 Nﬂ 2
1+ f2 _|:Gevmm(1+f2) ]

where N - the power of the power plant, W;
v__— the maximum speed of the excavator,

Hax

m/c; G - gravity of the entire excavator, H;
f — coefficient of movement resistance; n —
transmission efficiency.

Loss of stability of the excavator in this case
is possible relative to the rear wheels. To
balance the machine, the movable
counterweight in automatic mode is set as
close as possible to the rotary platform.
Excavator safety factor:

K =—2Y —

¥y

nep

G r cosa + G r cosa
e e max pn pn max

" G hosina+G_h_sina+k F_kp r
ey pn 3

ypn e op a8 &

K 212,

where h,= height of the excavator's center of
gravity, m; R o™ height of the center of
gravity of the moving counterweight, m; r —
the distance between the direction of the
overturning axis, taking into account the
selected position of the working equipment
and the component G cosa, m; r - the

pn
distance between the direction of the
overturning axis, taking into account the
selected position of the working equipment
and the component G cosa, M F . — the area
of the windward surface of the excavator,
limited by its contour, m?; k — the filling factor
of the windward surface of the excavator,
k,=1; k-drag coefficient, k=12p —
calculated wind pressure equal to 250 Pa.
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Fig. 6. Scheme for determining the stability of a single-bucket excavator with a movable counterweight,
equipped with a straight shovel, when moving uphill

4. The working equipment with fixed in the
transport position. The direction of the wind
against the movement of the car, and will be
equal to 250 Pa. The excavator moves down at
an angle (Fig. 7). To prevent the machine from
overturning, the movable counterweight is
extended to the maximum distance from the
rotary platform. Overturning in this case is
possible relative to the front wheels or the front
part of the tracks. The coefficient of stability of
the excavator was calculate according to the
formula:

MV
K =—
nep
and
KV Z ] 72?
where )
46

+G r cosa

M =G r cosa -
y e e max pno pn max

M =G h'sina+G_h' sina+k F_kp r’;
nep ey pr - upn e p'te s

ro b Fo.or..r . h - values,asinthe
{ T2l 8 pn upn

previous formula, but we accept the value

taking into account other positions of the bucket

and tipping point.

Due to the adaptive movable counterweight,
an additional, adjustable, arm appears, which
automatically balances the system when
necessary.

The main advantage of this calculation for
the stability of a single-bucket excavator with
an adaptive movable counterweight is that it
covers all critical positions in which the
excavator may find itself in difficult operating
conditions.
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Fig. 7. Scheme for determining the stability of a single-bucket excavator with a movable counterweight,
equipped with a straight shovel, when moving at an angle

CONCLUSIONS

On the basis of the conducted analytical
analysis, it is proposed to use one of the
methods of counteracting the overturning of a
single-bucket universal excavator in the
working and transport position, which consists
in the wuse of an adaptive movable
counterweight by balancing the rotary platform
and the machine as a whole. The movable
counterweight moves in the opposite direction
from the overturning forces, which balances the
system. Due to the additional movable
counterweight, it is possible to increase the load
on the working body without losing the stability
of the machine, thereby increasing the
efficiency of the working equipment. Thanks to
the automatic system, the single-bucket
excavator can work and move on a more
inclined plane, the movable counterweight will
balance the machine itself.

This method consists in the fact that due to
the movable counterweight, it is possible to
increase the holding moment and prevent the
excavator from overturning in automatic mode.
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OOrpyHTYBaHHS Ta CTATUYHUIH PaxXyHOK
aJalTUBHOI PYXOMOi IPOTUBAru
OJHOKIBIIEBOT0 €KCKABATOPA

Bonooumup Pawxiecokuii 1,
Onexciti IIpockypin 2

12 Kuiscokuii nayionanshuii ynieepcumem
0yoisHuymea i apximexkmypu

AHoTauis. [Ipencrasneni pe3yabTaTi
AQHAIIITUYHOTO JIOCII/PKeHHS Nii HaBaHTa)XKeHb Ha
oOJ1aiHaHHS OJTHOKIBIIIEBOT'O €KCKaBaTopa,

BUKOHAHO aHaJIi3 MOMEePEIHIX TOCIIKEHb.

B po6Goti BuCBiTIEHO, IO poOoYHMi TPOIEC
YHIBEpPCaJIbHOTO  OJHOKIBIIEBOTO  €KCKaBaTOpa
SBIISIETBCSl IUKITIYHICTh BHUKOHAHHS OIepamid —
KOTIaHHS 1 TPAHCTIOPTYBAHHS IPYHTY.

VYHiBepcanbHi eKCKaBaTopH MOXYTh
BUKOHYBAaTH poOOTy BHUIIE Ta HHXKYE PIBHS CBOET
CTOSHKH pOOOYUM OONaJHAHHAM MpIMOi Ta
3BOPOTHOI JIOMAT YU 3a JOMOMOTOIO JIOJIATKOBOTO
3MIHHOTO OOJIaJHAHHS.

Ilinx wac pobouoro mpolecy BUHHUKAIOTh
CTaTHYHi Ta JUHAMIYHI HAaBaHTaKEHHS HA MAIIWHY
Ta MeEXaHI3MH, $KI BIUIMBAIOTh Ha CTIHKICTH
MAaIllMHY Ta 0e3MeKy Ha poOoUOMy MaiiIlaHUHKY.

Jns  30UIbIICHHS CTIAKOCTI  OJHOKIBIIEBUX
yHiBEpCcaIbHUX €KCKaBaTOpiB IpH poOOTi Ha
MoXuIiH mmomuHi Ta miasumenns KK/ mammny B
Kap’epax, OyJiBHUX MaliJaHIMKaX, IPH po30upaHHi
3aBalliB MICJIsI TEXHOTCHHUX KaTacTpod, aBapii,
0oloBUX T noTpedyeThCs CTBOpPEHHS
BPIBHOB)XYIOUOT0 MEXaHI3My aBTOMATHYHOT JIii.

Po3pobiieHo  po3paxyHOK  Ha  CTIHKICTh
YHIBEpCaJIbHOIO OJHOKIBIIEBOTO €KCKaBaTopa 3
QJIalITUBHOI0 PYXOMOIO TPOTHBAroK 3 poboYuM
oOJajHAaHHAM TMpsiMa Ta 3BOPOTHA Jiomara B
0a30BUX  PO3paxyHKOBHUX  MOJOXEHHAX,  SIKi
BUKOHYIOTbCS TIPH PO3PaxyHKY YHIBEpCaIbHUX
OJIHOKIBIIICBMX €KCKaBaTopiB. Jljis ekckaBaTopa 3
oOlaHaHHSAM 3BOPOTHA JIOMAaTa, PO3PaXyHOK
BUKOHAHUM JUIsi JIBOX IOJIOKEHb. PO3paxyHOK Ha
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CTIMKICTh €KcKaBaTOopa 3 OOJaJHaHHAM MpsMa
JI0TIaTa, BAKOHAHWH JIJIS1 YOTUPHOX TTOJI0XKEHb.

3a paxyHOK aJamnTHBHOI PyXOMOI MpPOTHBaru
3’IBJISIETHCSL JOAATKOBE, PErYJIbOBaHE, IJIeYe, SIKE B
ABTOMAaTUYHOMY PEXHUMi 3pIBHOBAXYE CHCTEMY,
KOJIH 1€ HeOOX1HO.

3aBAsKH aBTOMAaTHYHIA CUCTEMI, OJHOKIBIIIEBUM
EKCKaBaTOPOM MOXIIUBO mpamoBaTH  Ta
rmepeMimaTiucs Ha OUTBII  TOXWJIH  IUTOIIHHI,
pyxXxoMa mpoTHBara cama 30ajlaHCy€ MaIlnHy, a
TaK0X MOXIMBO 301JBIIUTH YTPUMYIOYHH MOMEHT
Ta 3aMo0ITTH MTePEKUIaHHIO EKCKaBaTopa.

Omrcana JIOTTUTBHICTD BUKOPHCTaHHS
aIanTHBHOT pyxomoi MPOTUBArU JUTSI
OJTHOKIBIIIEBHX €KCKaBaTopiB. HaBeneHo npukiagm
BUKOPDHCTAHHS pPYXOMOi TPOTHBAard B IHIIHNX
MalirHax. BUkoHaHO aHalli3 CyMyTHIX JOCIIDKEHb
Ta OOIPYHTOBAaHO JIOIIBHICTh BHUKOPUCTAHHS
aJalTUBHOI PyXOMOI IIPOTHBAaru B HUX.

Hapani momepemni mocmipkeHHS B Po3poOIr

pyxomoi MIPOTHBAru ibis: OJTHOKiBILICBHX
eKcKkaBaTtopiB. Po3pobieHo  po3paxyHOK  Ha
CTIMKICTP ~ ONHOKIBIIEBOTO  €KCKaBatopa 3

aJaNTUBHOI0 PYXOMOIO NPOTHUBArol0 B OCHOBHUX
PO3PaxyHKOBHUX MOJIOKEHHSAX.
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