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INVESTIGATION OF
TRANSITIONAL PROCESSES IN
THE ADAPTIVE SYSTEM OF
HYDRAULIC DRIVES OF THE
MECHANISM FOR CUTTING AND
UNLOADING STALK FODDER

The problem of creating an energy-efficient and competitive
mechanism for cutting and unloading stalk fodder from trench
storage, by developing and justifying the parameters and modes of
operation of the adaptive system of hydraulic drives of the
mechanism is researched. The principal implementation of the
adaptive system of hydraulic drive of the mechanism for cutting and
unloading is proposed, in which a spool flow divider is placed
between two executive hydraulic motors, which allows to regulate
the supply of a U-shaped frame according to the load change
which affects the cutting mechanism. The adaptive system of
the hydraulic drive of the mechanism allows to stabilize energy
consumption for separation of a portion of a stalk fodder under the
condition of change and fluctuation of parameters which essentially
influence the process of separation and unloading of a stalk fodder
from the monolith.

The transients in the adaptive systems of hydraulic drives
of the mechanism for cutting and unloading of stalk fodder are
received and analyzed.

As a result of the study, it was found that by changing the
operating widths of the slide valve of the separator in the direction
of reduction, a significant increase in the responsiveness of the
hydraulic drive system of the mechanism for cutting and unloading
to the changes in the loading on the cutting apparatus. As a result,
the range of the adjustment of the feeding of the hydraulic cylinder
of the U—shaped frame, which increases the efficiency of stabilizing
the separation process from the monolith of block-portion of stalk
fodder with a minimum power of the hydraulic drive system, is
substantially expanded.

It is noted that the dynamic characteristics of the hydraulic
drive of the mechanism for cutting and unloading stalk fodder
adaptive to the load are influenced by the design parameters of the
spool flow divider which implements feedback. On the basis of the
conducted experimental research recommendations on the choice
of constructive parameters of the spool flow divider are given.

Key words: mechanism for cutting stalk fodder, hydraulic
drive, mathematical model, transients, flow divider, hydraulic motor,
hydraulic cylinder, energy consumption.

Introduction. Today, in the context of the
global economic and food crisis, the issue of
agricultural production is one of the priorities. To
achieve positive dynamics in the development of
this industry, it is necessary to provide farms with
convenient, mobile equipment that would

automate the process of loading and unloading
stalk fodder from trench storage, thereby saving
time and money [1, 2].

Formulation of the problem. In the
system of machines recommended for unloading
stalk fodder from trench storage facilities, block-
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batch separators based on frontal (wheel) loaders
have become widespread [3,4]. Given the existing
range of variable working bodies, such machines
are effectively used throughout the year to perform
a variety of works.

The hydraulic drives of these machines
must operate in a wide range of speed modes of
movement of the working bodies and have an
adaptive control system that is sensitive to
changes in the load on the working body.
However, the recommended modes of operation of
block-batch stalk feed separators provide fixed
values of cutting speed and feed rate, in fact,
without anticipating a possible significant increase
in cutting forces when internodes of corn and other
inclusions of high hardness fall under the knife. It
is obvious that such circumstances are the reason
why foreign manufacturers have increased the
power of the drive of the cutting mechanism and
the drive of the U-shaped frame. Their total
capacity in the machines produced by leading
European companies is from 20 to 25 kW [4].

This fact of significant excess of the drive
power of the separator of the block portion of stalk
fodder over the theoretically and experimentally
confirmed values of the required drive power
indicates the need to improve the hydraulic drive
system of the separator. The direction of
improvement should include coordination of
regulation of cutting speed and feed rate in order
to stabilize the total power of these drives, which
will provide a significant energy-saving effect.

Therefore, the development of a new
generation of hydraulic drives based on hydraulic
units with an adaptive control system which
significantly increase the accuracy and efficiency
of such machines is timely and important for the
development of mechanical engineering.

The aim of the study. The aim of the
work is to increase the accuracy of the mechanism
for cutting and unloading stalk fodder, reducing
unproductive power losses and dynamic loads in
the hydraulic drive of the mechanism for cutting
and separation by creating a scientific basis for
their  development based on  nonlinear
mathematical models and adaptive hydraulic drive
system.

The main results of the research. To
reduce the energy consumption of the hydraulic
drive system for cutting and unloading stalk
fodder, Vinnytsia National Agrarian University has
developed a new structure and principle of building
a hydraulic drive system which allows to
significantly reduce the power of drive hydraulic
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motors by adapting their modes to the
technological system [5,6].
The hydraulic drive system of the

mechanism for cutting and unloading stalk fodder
(fig. 1) contains hydraulic tank 1, safety valve 2,
hydraulic pump 3, spool flow divider 4 with control
line 13, controlled spool 12, hydraulic motor 7,
hydraulic lines 5.6, four-line three-position
distributor with  electro-hydraulic  control 8,
hydraulic cylinder 9, drain hydraulic lines 10, filter
11, non-return valve 17, throttles 16, 18 and spring
14,

The adaptive system of hydraulic drives of
the mechanism for cutting and unloading of stalk
fodder provides regulation of speed of cutting and
feed rate of the U-shaped frame. The result of this
coordination of the speeds of the hydraulic drives
of this system is to ensure constant total power of
the drives when changing the conditions of
separation of the feed unit from the monolith.

The study of the stability of the adaptive
hydraulic drive system of the mechanism for
cutting and unloading stalk fodder is performed on
the basis of a mathematical model containing the
equation of continuity of flows and the equation of

forces [7].
/ﬁ |

0 \18

/7 9

17

Fig.1. Hydraulic scheme of the
hydraulic drive system of the mechanism for
cutting and unloading of stalk fodder

The mathematical model is developed
using the software package MathCad, which is an
interactive tool for modeling, simulation and
analysis of dynamic systems. The design scheme
of the hydraulic drive of the mechanism for cutting
and unloading of stalk fodder is shown in fig. 2.
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Fig.2. Calculation scheme of the hydraulic drive of the mechanism for cutting and
unloading of stalk fodder

As a result of the study of the mathematical
model, the transients (fig. 3-6) of the system of
hydraulic drives of the mechanism for cutting and
unloading for different ratios of parameters were
obtained.

The transients shown in figures 3-6 are
calculated at the following initial values of the
parameters of the hydraulic drive system of the
mechanism for cutting and unloading of stalk fodder:
Qn=2,38-10"m%s;a=1mm; =6 mm; ;=2 mm;
4 =0.62; po =10,0 MPa; p = 850 kg/m3; K=0,6 - 10°
m?/N; dzoi = 25 mm; Cpr = 0,5 N/mm; mpr = 45 kg; 8 =
25-103N - s; D = 63 mm; W1 = W,=W, =100 cm3;
W3 =25 cm3; by =1 mm, by = 2 mm; mzo = 0,2 kg.
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Fig. 3. The transient process in the
hydraulic system of the mechanism for cutting
and unloading at the value of the adjustment of

the stop b2=4mm
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Fig. 4. The transient process in the system
when adjusting the stop b2 = 4 mm, the diameter
of the spool dzoi = 19,5 mm, the spring stiffness Cpr
=0,3N/mm

= 03

E ey

D"‘; 0 2 ----- + :-/ ...--\— ............ 4
= 0,

S 0.1 - |

X *1 / ’

:\: 0‘_"—"If *\'2—2-—-'—-—-'
1 -0.1 -~
S1-0.2

0 200 400 600 800 t,x107%s

Fig.5. The transition process in the system
when adjusting the stop b1 = 3 mm, the diameter
of the spool dzo = 32 mm, the spring stiffness Cpr =
0,5 N/mm
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The transients obtained at different
combinations of parameters testified to the presence
of different modes of operation of the hydraulic drive
system of the mechanism for cutting and unloading of
stalk fodder. Figure 3 shows the transient in the
hydraulic system of the mechanism for cutting and
unloading, which confirms the possibility of adjusting
the range of changes in the speed of the hydraulic
motor and the feed of the rod by appropriate choice of
rational values of some system parameters. The start
of the hydraulic drive system of the mechanism for
cutting and unloading stalk fodder occurs at zero load
on the executive hydraulic motors, which generally
corresponds to the process of bringing the U-shaped
frame to the surface of the preserved monolith, when
the load on the output links of executive hydraulic
motors is minimal or absent. At 400 ms from the
beginning of the work, the load on the output links of
the executive hydraulic motors is increased to a value
that corresponds to the real value of the load moment
on the hydraulic motor shaft Mgm = 100 N - m and the
force Frez = 1200 N on the hydraulic cylinder rod. The
volumetric supply of the working fluid Qi, which is
consumed by the hydraulic motor, increases from
0,088 x 101 m¥min to 0,136 x 101 m3/min, which
corresponds to an increase in the cutting speed of the
silage monolith by 57 %. At the same time, the supply
of working fluid Q2 which is consumed by the hydraulic
cylinder is reduced from 0,113 x 10" m3min to 0,075
x 101 m3min, which corresponds to a reduction in the
feed rate of the U-shaped frame by 43 %.

In the process of studying the transient
processes of the hydraulic drive system of the
mechanism for cutting and unloading stalk fodder it
was found that with certain combinations of system
parameters there are unstable operating modes (fig.
4). They are characterized by the occurrence of
fluctuations in speed and pressure with an amplitude
that reaches the limit values, in terms of system
power, and the nature of these processes does not
correspond to the specified control signals [8]. This
mode of operation is unacceptable from the point of
view of the efficiency of the hydraulic drive system of
the mechanism for cutting and unloading stalk fodder.
In this regard, an important point of study of this
system of hydraulic drives is to determine the range of
values of parameters at which this system will work
stably, which will allow further research to identify
rational parameters that ensure high efficiency of the
proposed hydraulic system [9,10].

The results of the calculation of transients in
the hydraulic drive system of the mechanism for
cutting and unloading stalk fodder indicate that the
stability condition significantly depends on the values
of parameters as components of hydraulic units of the
hydraulic drive mechanism for cutting and unloading
(hydraulic motor, hydraulic cylinder, etc.), as well as
the parameters of the spool flow divider. These
include the following parameters: d.q is the diameter
of the spool of the flow divider, Cy is the stiffness of
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the spring of the spool of the flow divider, a is the
width of the working edge of the spool, fq is the area of
the control throttle, W53 is the volume of the control line
cavity, l;, . are the initial opening of the working
window of the flow divider and b, b, are the distance
to the stops that limit the movement of the spool.

Determining the conditions of stability of the
adaptive hydraulic system of the mechanism for
cutting and unloading is necessary to ensure its
efficiency in dynamic modes of operation. For this
purpose, the area of stability of this hydraulic drive is
determined in the plane of values of its parameters -
diameter d spool flow distributor and stiffness Cyy its
springs which largely determine its design and
functional characteristics (fig.7).

The stability limit divides the plane of
parameters into the area of stability and instability of
the hydraulic drive adaptable to changes in the load
on the working bodies[11]. In figures 7-13, the stability
limit is shown by a solid line with hatching. The
hatching is turned towards the area of stability.

dzal mim

2

Area of stabiity
20 - W\'
g M Limit of stabiit
jrd
]
a1 4z a3 04 05 (o N/mm

Fig. 7. Area of stability of the hydraulic
drive system of the mechanism for cutting and
unloading of stem forages

It should be noted that the parameters of the
structural elements of the spool flow divider have an
ambiguous effect on the characteristics of the
hydraulic system of the mechanism for cutting and
unloading. Thus, increasing the diameter of the spool
d.o has a positive effect on the dynamic
characteristics, while significantly expanding the area
of stability, facilitating the task of developers of such a
hydraulic drive when choosing the dimensions of
hydraulic equipment and its mass.

Increasing the stiffness of the spring Cyr also
significantly affects the dynamic characteristics of this
hydraulic drive, reducing the area of stability. Thus, to
ensure the stability of the spool flow divider when
using a spring with high rigidity it is necessary to
increase the diameter of the spool, which can lead to
an undesirable increase in the dimensions of the flow
divider.

In a further study of the influence of the
parameters of the hydraulic drive system of the
mechanism for cutting and unloading on its stability,
the results of calculations of the stability limit were
compared with the calculation results, which are
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shown in fig. 7.

Fig. 8 shows the areas of stability defined in
the plane of the parameters "diameter of the spool of
the flow divider d,, the stiffness of the spring Cy" at
different values of the width of the edges a of the spool
of the flow divider.

dzalmm ;
= v
Area of stablity | | 24
/W  3=075 mm
20 W
o /
|\ a=10m
" ik
// \Na=q5 mm
0
a1 02 03 04 05 G N/mm

Fig. 8. Influence on the position of the
stability limit of the width a of the flow divider
edges

The limits of stability, which are shown in fig.
8 are calculated for the following values of the width of
the working edges of the spool of the flow divider - a =
0,5; 0,75; 1,0 mm. Increasing the width of the working
edges of the flow divider shifts the stability limit to
reduce the allowable values of the diameter of the
spool dx and increase the allowable values of the
stiffness spring Cyr flow divider, thus expanding the
range of values dz and Cp, which provides a stable
mode of operation unloading of stalk fodder. It should
be noted that increasing the width of the edges of the
spool of the flow divider does not significantly expand
the range of values of the diameter of the spool dy
and the stiffness of the spring C, which provides a
stable mode of operation of this hydraulic system.

Fig. 9 shows the limits of the stability of the
hydraulic drive system of the mechanism for cutting
and unloading calculated at different values of the
cross-sectional area of the control throttle 16 (fig. 1)
installed at the entrance of the right end-to-end cavity
of the flow divider.

dza/,mm
Area of stabiity ;7
% ‘ | /¢
A te05 mn’
v
A fae=10 mm
0
o1 02 Lor, N/mm

Fig. 9. Influence on the position of the
stability limit of the throttle area far

The limits of stability which are shown in fig. 9
are calculated at the following values of the throttle
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area fy = 1,5; 1,0; 0,5 mm?2,

Reducing the cross-sectional area of the
throttle slightly increases the area of stability due to
the shift of the stability limit towards smaller values of
the diameters of the spool.

This usually reduces the oscillation of the
control process, but reduces the speed of the spool
flow divider. Therefore, in this case, it is advisable to
recommend a value of the cross-sectional area of the
throttle which is equal to fq = 1,0 mm2. Based on the
considerations of manufacturability of the throttle hole
of small diameter and taking into account the limited
influence of this parameter on the position of the
stability limit, it is permissible to increase the cross-
sectional area to fg: = 2,0 mm?2[12].

Studying the influence of the parameters of
the hydraulic drive system of the mechanism for
cutting and unloading stem fodder on the stability of its
work revealed a significant impact on the stability of
the values of the initial openings of the working
windows of the distributor spool through which the
working fluid enters the hydraulic motor 7 and the
distributor 8 of the hydraulic cylinder 9 (fig. 1). Fig. 10
shows the limits of stability of this hydraulic drive
calculated at different values of the initial opening I, of
the left working window. The magnitude of the
opening I varied from 2 mm to 6 mm. The smallest
size of the stability area for this case was obtained at
l1 =2 mm. The limit of stability is shifted towards larger
values of the diameter of the spool of the divider.
Increasing the initial opening of this working window to
l. =4 mm leads to a significant decrease (= 20 %) of
the critical value of the spool diameter, at which there
is an unstable mode of operation.

A further increase in the value of the initial
opening of this working window to the value I1 = 6 mm
moves the limit of stability also in the direction of
smaller values of the diameter of the spool, but the
effect of increasing the area of stability in this case is
much smaller.

dzol.mm | yy
» Area of sfablity | | 0 |2
L A
A
(2 mm Y ‘ 6
/7
4 4 mm
gl A |~
a1 02 a3 04 05 Lo N/mm

Fig. 10. Influence on the position of the
stability limit of the value of the initial opening l1 of
the first working window of the spool of the flow
divider

To a lesser extent, the position of the limit of
stability of the hydraulic drive of the mechanism for
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cutting and unloading (fig. 11) is influenced by the
initial opening of the right working window of the spool
flow divider.
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Fig. 11. Influence on the position of the
stability limit of the value of the initial opening Iz of
the second working window of the spool of the
flow divider
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Only with increasing spring stiffness Cpr. (Up
to 0,5 N/mm) increasing the initial opening of this
working window to the value I, = 6 mm significantly
reduces the critical value of the spool diameter (=10
%), which corresponds to the limit of stability.

The distances b; and by to the stops which
limit the movement of the spool of the flow divider
have a significant influence on the stability of the
hydraulic drive system of the mechanism for cutting
and unloading. Fig. 12 shows the boundaries of the
stability area determined by changing the distance b,
to the stop, which limits the movement of the spool
when moving it to the left, in the range from 1 to 5 mm
According to the calculation, the best result is possible
at the minimum of the specified values, b; = 1,0 mm.
When increasing the value of the spool stroke in the
specified direction (b1 = 3 mm, 5 mm), the critical
value of the spool diameter increases significantly - up
to 40 %, which worsens the possible operating
conditions of this hydraulic drive and significantly
increases the dimensions of hydraulic equipment.
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Fig. 12. Influence on the position of the
boundary of the stability area of the distance b1 to
the stop which limits the movement of the spool
when it moves to the left
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To a much lesser extent, the stability of the
hydraulic system of the mechanism for cutting and
unloading is affected by the setting b, of the second
stop which limits the movement of the spool to the
right. The boundaries of the area of stability, which are
shown in fig. 13, calculated by changing the specified
distance from 2 to 8 mm, show that the size of the
stability area and the position of the stability limit
changes insignificantly.
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Fig. 13. Influence on the position of the

boundary of the stability area of the distance b2 to

the stop, which limits the movement of the spool
when it moves to the right

As a result of the analysis of transients in the
adaptive system of hydraulic drives of the mechanism
for cutting and unloading stem fodder the design and
technological parameters of the spool flow divider
were substantiated, which allows to monitor and
respond to changes in load on the hydraulic motor by
changing the flow rate of the working fluid through the
throttle slots.

Conclusion:

The offered adaptive system of hydraulic
drives of the mechanism for cutting and unloading of
stalk fodder under the condition of steady work
provides the performance of the formulated principle
of the coordinated change of speeds of initial links of
hydraulic motors at the change of loading on the
cutting mechanism. The change of speeds is
proportional to the magnitude of the moment of
loading on the shaft of the hydraulic motor of the
cutting mechanism, which allows to implement the
principle of adaptation of the hydraulic drive system to
the change of loading modes.

The characteristics of the adaptive system of
hydraulic drives of the mechanism for cutting and
unloading of stalk fodder at different operating modes
are investigated. The influence of its parameters on
ensuring the stability of work is analyzed. A significant
influence on the fuffillment of the conditions of stable
operation of the system of hydraulic actuators of the
spool diameter and the stiffness of the spring of the
flow divider is revealed.

Possibilities of expansion of the stability area
due to the width of the working edges a, the cross-
sectional area of the throttle fy, the magnitude of the
initial opening of the first working window of the spool
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l1, and the magnitude of the adjustment of the left stop
b, are revealed. Effective expansion of the stability
area is possible by increasing the initial opening of the
second window of the spool |, and the right stop
limiting the stroke of the spool.
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OOCTIMKEHHSA NEPEXIOHUX NPOLECIB B
ADAMTUBHI CUCTEMI MNOPOMNPUBOMIB
MEXAHI3MY [N BIOPI3AHHA TA
BUBAHTAXEHHSI CTEGIOBMX KOPMIB

Pozansidaembcsi  npobriema  CMBOPEHHS
eHepeoeheKmMuUBHO20 mMa  KOHKYPEeHMOo30amHoe0
MexaHisMy Ors  eidpi3aHHs ma eusaHMaXeHHs
cmebriosux KOpMie 3 mpaHWelHUX CX08UL, WIISIXOM
pPO3pobKU Ma 0brpyHMye8aHHs napamempis i pexxumie
pobomu  adanmueHoi  cucmemu  2i0pasriyHux
rpusodie MexaHi3My. 3arporoHO8aHO MNPUHUUNOSe
BUKOHaHHs1 adanmueHoi cucmemu  2idpaesiiyHo20
npueoda  MmexaHi3My — Ons eifpisaHHi — ma
B8UBAHMAYKEHHST, 8 SKIlU MK OsoMa BUKOHagYUMU
eidpodsueyHamu PO3MIlULEHO 30110mHuKosul
pOo3dinbHUK MOMOKY, wo 00380M5€  peayrsamu
rnodayvy [1-nodibHoi pamku  8i0rnosidOHO  3MIHU
HasaHMakeHHsl, sike Oie Ha pisarnibHUl MeXaHi3M.

AdanmuseHa cucmema  eidpaesiyHo20  rpusoda
MexaHi3My do3seorise cmabinizysamu
eHepeogumpamu  Ha  GIOOKpPeMIeHHsT  Mopuii

cmebrio8o20 KOpMy Mpu YMO8i 3MiHU | KO/ugaHHi
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rapamempis, SiKi Cymmeeo 6ruearmb Ha rpouec
BIOOKpeMIIeHHsI ma eusaHmaeHHs cmebio8020
KOopMy 8i0 MOHOAIIMY.

OmpumaHi ma npoaHanizoeaHi nepexioHi
npouecu 8 adanmueHiti cucmemi 2idporpusodie
mexaHismMy Onsi eifpisaHH ma  8UBaHMAaXXEHHS
cmebiosux Kopmie.

B pesynsmami npoeedeHoz2o AocridxKeHHs
BUSIBMIEHO, WO 3MIHOK WUPUHU pPOobOYUX KPOMOK
30/10mHuUKa po30iribHUKa MOMOKY 8 biK 3MEeHWEHHS
MOXIIuge 3Ha4yHe Mid8ULEHHsT Yymrueocmi cucmemu
2idporipueodie  MexaHiamy Ornsi  6i0pi3aHHs ma
gUBaHMa)eHHs1 00 3MIHU HaBaHMaXKeHHs Ha
pizanbHOMy arnapami. B pe3yrnbmami ub020 MaKkox
cymmeso po3wiuproembcsi Oiana3oH peayrioeaHHs
nodayi wmokom eidpouuniHdpa [M-rnodibHoi pamKu,
wo nidsuuiye eghekmusHicms cmabinizauii  npouecy
8i00ineHHs 6i0 MoHorimy 6nok-ropyii cmebrosux
KopMig ripu  MiHiMasnbeHIl - nomyxHocmi  cucmemu
2idpornpusodis.

3a3HayeHo, wo Ha OuHaMiYHI
Xapakmepucmuku e2idporpueoda MexaHiamy  Orisl
8i0pi3aHHA ma eusaHMaeHHs1 cmebrio8o20 KopMy,
adanmueHo2o 00 HaBaHMaKeHHs,  6M/Iu8arMb
KOHCMPYKMUGHI  rapamempu  30/10MHUKOBOZ0
po3dinbHUKa MOMOKY, SKUU peasi3ye 380pOMHUL
38'A30K. Ha ocHoei nposedeHux eKcriepuMeHmarnbHUX

docriidkeHb  OaHO  pekomeHOauii 3  eubopy
KOHCMPYKMUBHUX  rapamempie  30/10MHUKOBO20
PO30ifibHUKA MOMOKY.

Knroyoei cnoea: mexarism Onisi 6i0pi3aHHS
cmebriogoeo  Kopmy, eifpaeniyHut  npueoo,
Mamemamu4yHa MOoOerb, riepexioHi  npouecu,
pO30inbHUK  MOMOKY,  2idpodsuayH, eidpoyurtiHop,

€HepaoeEMHICMb.

WUCCNEOOBAHMUE NEPEXOOHbIX MPOLIECCOB
B AOANTUBHOW CUCTEME MMAPONPUBOOOB
MEXAHU3MA Q5151 OTPE3AHUSA U BbIrPY3KE
CTEBEJIbHbIX KOPMOB

Paccmampueaemcs npobriema co3daHust
SHEP203hPEKMUBHO20 U  KOHKYPEHMOCIOCObHO20
mexaHuama Orii pe3ku U 8blepy3ku cmebrieabix
KOpMO8 C  MPaHWeUHbIX  XpaHumuw,  fnymem
paspabomku U 0BOCHOBaHUSI rapamMempos U
pexumos  pabomel  adanmueHol — cucmemb!
2udpasnuyecKux rpusodos MexaHu3ma.
lNpednoxeHo MpUHYUNuansHoe 8bIM0/THEHUST
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adanmuesHoli cucmeMbl 2udpassiudecKkoeo rnpusoda
MexaHu3ma Onsi pesku U 8bl2py3Ku, 8 Komopol

Mexoy dsyms ucronHUMesbHbIMU
eaudpodsuzamernsamu  pa3MeweH  30/10MHUKO8bIU
pasdenumerib romoka, 4Ymo rosgosnsem
peaynupogamb  nodady  [1-obpasHol  pamku
CO0MBEemCcmMeeHHO U3  U3MEHEHUs Hazpy3Ku,

Komopbie delicmeyrom Ha PexXyuwul MexaHU3M.
AdanmueHasi cucmema eudpaesiudeckoeo rpusoda
MexaHu3ma rosgornsgem cmaburnu3uposams
SHepao3ampamel Ha omOdesieHue ropyuu
cmebriegoeo Kopma rMpu  ycrosuu U3MEHeHUsl U
KorebaHuu rnapamMempos, KOmopble CyU,eCmBEeHHO
enusrom Ha npouecc omoernieHUss U  8bl2py3Ku
cmebiego2o Kopma om MOHOMUMa.

lNonyyeHHbl u rpoaHau3uposaHsb!
rnepexolHble rpouecchl 8 adarnmueHol cucmeme
audporipusodo8 MexaHu3Ma Onisi Pe3Kku U 8bi2py3Ku
cmebrieabix KOPMO8.

B pesyrnbmame rposedeHHO020
uccrie0o8aHUsI 8bISIBIIEHO, YIMO U3MEHEHUEM WUPUHbI
paboyux KpOMOK 30/10mHUKa pa3denumerisi rnomoka
8 CIMOPOHY YMEHbLEHUSI, B03MOXHOE 3Ha4UMeribHoe
rosbiweHue 4yecmeumesibHocmu cucmems!
eudporpusodos MexaHu3ma Orisi Pe3KU U 8blepy3KU K
U3BMEHEHUI0 Hazpy3Ku Ha pexywem arnnapame. B
pesynbmame  3mo20  MaKke  CywecmeeHHO
pacwupsiemcsi  QuarasoH peayrnupoeaHusi nodayqu
wmokom  eudpoyunuHdpa [1-obpasHol  paMKu,
rosbiwaemcsi  aghghekmusHocmb  cmabunusayuu
rpoyecca omaderieHUss om MoHonuma 6roK-ropyuu
cmebriesbix KOPMO8 rpu MUHUMasIbHOU MOWHOCMU
cucmembl 2udporpueodos.

OmmMmeyeHo, 4Ymo Ha  OuHamu4yeckue
Xapakmepucmuku audporipugoda MexaHusma Oris
pesku U  ebigpy3Ku  cmebriegoeo  KopMa,
adanmueHozo K Hazpyske, enusirom
KOHCMPYKMUGHbIe  rapamempbl  30/J0MHUKO8020
pasfenumerissi  Nomoka, Komopbll  peanusyem
obpamHyto cesisb. Ha ocHose  npPo8edeHHbIX
9KCriepuMeHmaribHbIX  uccriefogeaHuli  coesiaHbl
pekoMeHOayuu o eblbopy  KOHCMPYKMUBHbIX
rapamempos 30/10MHUKO8020 pa3denumerns
romoxa.

Knroyeeblie  croea:  mexaHusm — Onis
ompe3saHusi cmebriego2o Kopma, audpasnudeckul
npueod, Mamemamu4eckass MoOEsb, MEPEXOOHbIE
rpouyecchl, pa3desiumersib rnomoka, auépodsuzamerib,
2UuBpPOoYUITUHAP, 3HEP20EMKOCMEb.
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