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Annotation. The oscillation modes of vibrating feeders with vibro-impact adaptive drive are researched, which are
intended for output and loading of reflacted ore from chambers of wining blocks at underground mining, or other bulk
media from bunkers and so on, under complicated vibration conditions. The resonant polyfrequency oscillations of the
impactor of the vibro-impact drive of feeders with such drive in vibro-impact modes are excited, which through the one-
side elastic elements are transmitted to the feeder tray, and in the pillar of the reflacted ore in the chamber above the
tray. With increasing load from the ore on the tray there is an increase in the intensity of the impactor vibration of the
feeder vibro-impact drive with accelerations in hundreds m/s2. Such oscillations increase the depth of dissemination of
vibrational effects in the pillar of reflacted ore above the tray, which increases the efficiency and productivity of vibration
output. Depending on the feeders parameters in its oscillatory system, the various modes of vibro-impact oscillations are
excited. On heavy vibrating feeders that are used to vibrate and load reflacted ores from wining blocks chambers driven
by asynchronous motors, fixed on a stationary frame, bearings of heavy series are installed on the debalanced vibrators.
Therefore, acceleration of the impactor of their vibro-impact drive in normal vibration output modes, it is possible to
provide at the level of 200 m/s2. Under conditions of blockage, in the short term, the accelerator of an impactor can
increase to 400-500 m/s?, depending on the setting. Given the possibility of achieving such a level of acceleration and
growth, in this case, the spectral density and the width of the frequency spectrum of oscillations that is excited in the
vibrational system of the feeder, this will ensure the high productivity and efficiency of the vibration output of the reflacted
ore from the wining blocks chambers.The task of choosing the mode of variation of the feeder is to determine such
parameters, which would ensure efficient vibration output of the rock mass and reliability of its operation.

Keywords: underground mining, vibrational feeders, bulk medium, vibro-impact adaptive drive, polyfrequency
oscillations, frequency spectrum, vibration output of the rock mass, high productivity and efficiency.

Introduction. At the underground mining of minerals for the output and loading
of reflacted ore from the chambers of winings blocks through the outlets (hollows),
vibrating feeders are used [1-9]. Such vibration feeders are subject to high
requirements for the strength and reliability of the construction, since they operate in
conditions of bulk, under heavy load from ore, and from explosions at the destruction
of oversized pieces of the rock mass and the elimination of its freezes in the chamber,
as well as significant shock loads from pieces falling on the feeder tray.

Typically, these feeders are single-mass over-resonance systems with oscillation
excitations from debalanced vibrators driven by asynchronous electric motors. The
essential disadvantage of such systems is to reduce the intensity of vibration
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excitation of the feeder tray with increasing load on it from the pillar of the reflacted
rock mass in the chamber. When working under a blockage it is possible to
significantly reduce or almost complete stopping of excitation of the rock mass above
the tray, which greatly complicates the repair of vibration output process [5, 6]. Note
that vibration actively influences the parameters of the reflacted ore flow zone due to
the static equilibrium bonds destruction and the adhesion forces reduction, and the
friction between the pieces of the bulk medium, which increases the output
productivity. In spite of this, the depth and intensity of the reflacted rock mass
excitation above the tray are important factors at vibration output. Therefore, the
providing of intensive excitation of the reflacted ore in the chamber above the tray
and the non-stopping of its excitation at the feeder operation under the blockage is
actual. This allows to reduce the probability of occurrence of ore freezing in the
chamber and to increase the vibration output.

Such requirements correspond to vibrating feeders with vibro-impact adaptive
drive [1], which are double-mass dynamic systems, which are connected with each
other by two-side and one-side elastic bonds, which are installed between the feeder
tray and the vibro-impact drive impactor, on which the debalanced vibrator is fixed.
In such a system, resonant polyfrequency oscillations of the impactor can be excited
[4], which are transmitted to the feeder tray with the reflacted rock mass. With
increasing loads from the pillar of the rock mass above the tray, due to the decrease in
the amplitude of its oscillations, dynamic gaps between one-sided elastic elements
installed on the tray and the the vibro-impact drive impactor are increased and which
limit its moving. At the same time, the phases of the impactor and tray oscillations
vary, which, with increasing load, gradually practically from in-phase become
antiphase. The spectral density of the frequency spectrum of oscillations is also
varied due to excitation the additional harmonics in the feeder vibrational system.
There is a significant (at times) increase in the intensity of the oscillations of the
vibro-impact drive impactor, which, accordingly, is transmitted to the tray and the
rock mass on it. Thus, by changing the parameters and energy of the impactor
oscillations, the vibro-impact drive adapts to the change in the load on the tray from
the pillar of the rock mass in the wining block chamber.

It should be noted that polyfrequency oscillations contribute to the increase of the
efficiency of the technological process of reflacted ore vibrations output from the
wining blocks chambers, due to the increase in the intensity and depth of excitation of
the rock mass in the chamber above the feeder tray and the speed of its displacement
[1-3]. Therefore, the growth of the oscillations frequency spectrum spectral density
positively affects the vibration output. In this case, an increase in the level and depth
of vibration dissemination in the massive of reflacted ore, the static equilibrium
bonds destruction and the adhesive forces and friction between the pieces of reflacted
ore reduction is provided.

Method. Adjustment of vibrational oscillation parameters of vibrating feeders
with a vibro-mpact adaptive drive must be ensured that in normal vibration output
modes, stationary vibro-impact oscillations of the feeder are performed, at the
nominal operating conditions of the asynchronous motor of vibration drive. As the
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load increases, acceleration of the impactor of the vibro-impact drive also increases,
and when operating under a blockage, the parameters of its oscillations should be
changed so that the acceleration does not exceed the permissible level, selected
according to the feeder reliability criteria.

For research on the parameters of the feeder operation with a vibro-impact
adaptive drive, a mathematical model of a feeder with a vibration oscillations
generator of limited-power and a calculation algorithm for its numerical studies,
which are implemented in a computer program [10], have been developed. In
accordance with the declared requirements to the feeder oscillations modes, the
research of the settings of their parameters was performed. These researches were
carried out at the basic parameters of the feeder, given in Table 1.

Table 1 - Basic parameters of a vibrating feeder for research

Parameter Symbol Value
Mass of feeder tray, kg m, 300
Mass of impactor, kg m, 160
Stiffness of two-side elastic bonds between m; and the €10 1680000
stationary base, N/m
Viscosity coefficient of elastic bonds ¢, b, 2000
Stiffness of two-side elastic bonds between m, and m,, N/m € 278260
Viscosity coefficient of elastic bonds ¢, b, 2000
Stiffness of the upper constraints, kN/m Coa 20000
Viscosity coefficient of elastic bonds ¢, b, 2000
Static gap c,,,, m 3, 0-0.008
Stiffness of the lower constraints, kIN/m o 20000
Viscosity coefficient of elastic bonds c,,, b, 2000
Static gap c,,,, m 3, 0-0.008
Type of vibrating oscillator - electromechanical vibrator EBIOOL6U3 -
Synchronous angular speed of vibrator axle rotation, rad/s o, 104.67
Nominal angular speed of vibrator axle rotation, rad/s o, 97.34
Weight of debalances on vibrator axle, kg my 12.28
Eccentricity of debalances, m r 0-0.061
Force of excitation of forced oscillations at synchronous m,re’ 0-8.2
frequency, kN
Static moment, kg-m myr 0-0.75
Nominal power of an asynchronous electric motor, kW N, 2.4
Number of pairs of electric motor poles, pairs p 3
Coefficient of engine capacity to overload 4 2.4
Frequency of current in the network, Hz 1. 50

The parameters of the settings that can change the oscillations of the feeder with
the vibro-impact adaptive drive include the gaps 0,, and J,; to one-side elastic
elements that limit the movement of the impactor of the vibro-impact drive and the
eccentricity of the vibrator debalanses r, the regulation of which changes the
excitation of the excitatory force.
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Research results and discussion. In Fig. 1 shows the dependences of
accelerations of the feeder masses m; and m, with the growth of the gaps 8, and 0,
in the range 0-12 mm in a 1 mm step, calculated by the mathematical model of the
feeder by the method of continuation by parameter.
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Figure 1 - Dependences of the feeder masses accelerations, obtained by the method of continuation
by parameter with increasing gaps between the impactor and one-side elastic elements

It should be noted that in calculations in a mathematical model of a feeder, two
methods of research can be used: continuation by parameter and method of discrete
selection of this parameter. These methods allow taking into account the influence of
the initial conditions on the solution of the mathematical model equations to the
feeder oscillations. In the method of continuation by parameter, as the initial
approximation of the solution of the equations in the next step of the research,
decisions made in the previous step are selected. The method of discrete selection
differs from the method of continuation of the parameter by the fact that when
changing the research step of the parameter, the initial conditions do not change and
remain the same as in the first step of the research.

The analysis of dependencies (Fig. 1) shows that when the system starts with a
parameter continuation method, provided that at the initial moment of time 7=0, the
system is at rest, the vibro-impact modes of the feeder drive oscillations are excited in
the range of changes in the gaps of 0-11 mm. In the range of 11 to 12 mm, the
vibration oscillation breakdown occurs and the system moves to vibrations without
interaction with one-side elastic elements, with the accelerations of the impactor and
the tray, respectively, equal to 52 and 14 m/s’. At the same time, the growth of gaps
in the range of 0-11 mm ambiguously affects the acceleration of the feeder mass. The
acceleration of the tray m; grows throughout the range of vibro-impact oscillations
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excitation, whereas as acceleration of the impactor m,, at the beginning of the range,
when the gaps vary from 1 to 3 mm, they decrease and then begin to increase with
greater intensity than the tray accelerations, reaching maximum at intervals at 11 mm,
for the impactor of 304 m/s, and for the tray of 183 m/s”.

When the system is started by method of discrete selection of parameters
(intervals) in the range of 0-10 mm (Fig. 2) with zero initial conditions at each step of
the research, vibro-impact modes of the system oscillations are excited in the range of
growth of gaps of 1-8 mm, with maximum accelerations at gaps of 8 mm, equal, for
the impactor 259 m/s> and for the tray 172 m/s’.
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Figure 2 - Dependences of the feeder masses accelerations, obtained by the method of discrete
selection of the parameter at the growth of the gaps between the impactor and one-side elastic
elements

Unlike the previous research method (Fig. 1), the breakdown of vibration
oscillation regime of the system occurs earlier, in the range of the growth of the gaps
of 8 to 9 mm, and then non-impact oscillations are further excited, with the same
accelerations of the impactor of 52 m/s” and the tray of 14 m/s”, as in Fig. 1.

A more detailed study of the system oscillations by the continuation method by
the parameter in the range of changes in the gaps of 5 to 14 mm in increments of 0.5
mm, with a direct and reverse change of this parameter in the calculations (Fig. 3),
show that the breakdown of vibro-impact oscillations is in the range of change of the
gaps of 11.5 to 12 mm, and their creation, when reversely calculated with the change
of the gaps of 14 to 5 mm, in the range of 6 to 5.5 mm.

Note that in the parameters field of oscillations with gaps of 5.5 to 11.5 mm, if for
some reason vibro-impact oscillations disappear, and the system will switch to the
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regime of non-impact oscillations of the masses, vibro-impact modes can be recreated
only with reduced gaps up to 5.5 mm. The field of vibro-impact oscillation
parameters in the range of gaps of 8 to 11.5 mm is unstable, and such that oscillations
are excited only with a gradual change with small increments.

The results of studies the influence of the gaps on the oscillations of the feeder
model indicate that when the system starts from rest, vibro-impact oscillations of the
system will be excited in the range of gaps changes of 0 to 8 mm. For larger than 8
mm gaps, non-impact oscillation modes will be excited in the system. However,
when the system exits on the stationary modes of oscillation, in the range of O to 8
mm gaps changes, then with a small step to start increasing them, the vibro-impact
oscillations modes will be excited with an increase in the gaps up to 11.5 mm. With
further increase in the gaps, a breakdown of vibro-impact oscillations and the
transition of the system to non-impact mode oscillations will occur.
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Figure 3 - Dependences of the feeder impactor accelerations, obtained by the method of
continuation by parameter with the growth of the gaps between the impactor and one-side elastic
elements

Researches of phase diagrams and oscillations spectra of a feeder masses show
that quasiperiodic oscillations are excited in the range of changes in the gaps of 5.5 to
8 mm, as evidenced by the sections of the Poincaré phase diagrams for the 9800
periods of stationary oscillations of the feeder impactor (Fig. 4) and spectrograms of
accelerations oscillations of the feeder masses (Fig. 5).

The study of the vibrations spectrum shows that oscillations in the feeder system
excite both superharmonic and subharmonic oscillations with frequencies that are
lower than the frequency of forced oscillations. That is, the low-frequency
oscillations are excited in the feeder oscillating system. As already noted,
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polyfrequency oscillations promote to the dissemination of vibrations into the depths
of an massive of bulk media, including by excitement of low-frequency component
oscillations. The energies dissipation of low-frequency oscillations in a massive of
bulk media is slower than that of high-frequency, which is related with a larger
wavelength of their dissemination. That is, when the broad spectrum of frequencies
excited in a bulk medium, the loss of energy of the low-frequency component
oscillations will be less than high-frequency, and they will spread in the massive of
bulk media at a greater distance than high-frequency ones. Therefore, it is important
to excite the low-frequency components of these oscillations in the polyfrequency
spectrum of oscillations, which are directed to the bulk media massive.
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Figure 4 - The sections of the Poincar¢ phase diagrams for the 9800 periods of stationary

oscillations of the feeder impactor with gaps of 6 mm
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Figure 5 - Spectrograph of a feeder masses stationary oscillations accelerations with gaps of 6 mm
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Analysis of dependencies on Fig. 1 shows that with oscillations of the feeder with
the basic parameters (Table 1), in the range of changes in gaps of 4 to 5 mm, the
acceleration of the impactor becomes larger than the acceleration of the tray, which is
not acceptable in the long-term operation of the electromechanical vibrator, due to the
growth of dynamic loads on vibration drive. Therefore, when choosing the operating
modes of feeders with drives from electromechanical vibrators, it is acceptable to set
gaps in the range of 1-4 mm, with impactor accelerations, which does not exceed the
level of 100 m/s®>, which promotes the prolongation of the resource of their
exploitation. At gaps of 3 mm and increasing the load on the feeder tray due to an
increase in the mass of reflacted ore attached to it in the amount of 2700 kg,
acceleration of the vibration drive impactor will increase up to 2.38 times, of 60 to
143 m/s*, which positively affects on the continuation of the vibration output of bulk
media [1] and, in the short term, does not significantly impair the vibrator
performance.

For heavy vibrating feeders used to vibration output and load reflacted ores from
chambers of wining blocks with drive by asynchronous motors, fixed on a stationary
frame, heavy-duty bearings are usually installed on debalanced vibrators. Therefore,
acceleration of the impactor of their vibro-impact drive in normal vibration output
regimes, it is possible to provide up to 200 m/s>. In modes of blockage, in the short
term, the acceleration of the impactor, depending on the setting, can increase to 400-
500 m/s°. Given the possibility of achieving such a level of acceleration and growth,
with this, the spectral density and width of the frequency spectrum of oscillations
excited in the feeder vibrational system, as compared with typical feeders, will
increase the productivity and efficiency of the reflacted ore vibration output.

The parameters of the setting by which it is possible to change the modes of
vibration of the feeder with a vibro-impact adaptive drive (Table 1), also refers to the
eccentricity of the debalances of the oscillation vibration generator r, the regulation
of which changes the vibrator excitatory force. The eccentricity of the debalances of
the electromechanical vibrator, set on the feeder, varies in the range of 0-61 mm. In
this case, the force excited by the oscillator vibrator at the synchronous frequency of
excitation varies from O to 8.2 kN.

Researches of the influence of eccentricity (excitatory force) on the feeder
oscillations (Fig. 6) with the discrete change of this parameter in the range of 1-61
mm in a step of 6 mm shows that the acceleration of the impactor and the tray
increases with r ranging from 1 mm to 43 mm. In the range of 43-55 mm, the
acceleration decreases and further, of 55 to 61 mm, slightly increase. The most
favorable range for the oscillator vibrator load is the range of eccentricity ranging of
43 to 61 mm, which is desirable to choose when adjusting the feeder oscillation with
the electromechanical type of vibrator.

Dependences of the changes in the reactions of one-sided elastic bonds (Fig. 7)
show that vibro-impact oscillations in the system begin to be excited with an
eccentricity growth from 19 to 25 mm. That is, when the excitation force is less than
3.36 kN, the vibro-impact oscillations in the system are not excited.

Researches of the effect of changes in the eccentricity of debalance on the
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oscillations of the feeder's impactor by the method of continuation by the parameter
with the direct and reverse change of this parameter in calculations in the same range
and with the same step as in the discrete method of research, show (Fig. 8) that the
vibro-impact oscillations in the system begins to excite with eccentricity growth of 25
to 31 mm. In the range of 43-55 mm, the acceleration decreases and further, of 55 to
61 mm, slightly increase. When reverse calculation, the vibro-impact oscillation
breakdown occurs when the eccentricity decreases of 13 mm. It should be noted that
vibro-impact oscillations with an eccentricity of 31 mm are unstable, and can not be
recreated without the system returning to its parameters with an eccentricity of 31 mm.
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Figure 6 - Dependence of accelerations of a feeder masses at the method of discrete growth of the
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Conclusions. Research results of oscillations of a model of a vibrating feeder
with vibro-impact adaptive drive at basic parameters, as in Table. 1, show that the
modes of the feeder vibrations depend on the method of research, or the initial
conditions for the solution of the mathematical model equations. Depending on this,
the fields of the existence of vibro-impact modes of the feeder masses oscillations
varies. At the research method of continuation by the parameter, there are fields of
unstable vibro-impact oscillations that do not arise in the discrete method of research.
Since in the physical model of the vibration feeder with parameters, as in Table. 1,
during oscillations, gradual adjustment of the settings of its operation modes (the
gaps and eccentricity, or the excitatory force of the vibrators) is not foreseen, then the
output of the feeder on the mode of oscillation, provided only by the discrete method
of research, is possible. In view of this, the most favorable conditions for the effective
vibration of the reflacted ore from the wining blocks chambers, arise when the gaps
change to one-sided elastic elements in the range of 1 to 4 mm, the eccentricity of 43
to 61 mm. In this case, the force excited by the oscillator vibrator at the synchronous
frequency varies in the range of 5.8 to 8.2 kN. With such settings, oscillating system
of the feeder excite vibro-impact oscillations with accelerations of the impactor and
vibrator, which are smaller than the tray speed, and which are rational to ensure its
reliable operation with effective vibration output. With increasing load on the feeder
tray from the pillar of reflacted ore in the chamber, the acceleratioms of the feeder
impactor increases, but in the short term they can reach hundreds of m/s®, which is
positive for the vibration continuation. It should be noted that due to gaps in one-
sided elastic elements, the excitation of the feeder tray will be carried out under any
load, even under blockage.
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On heavy vibrating feeders that are used to vibrate and load reflacted ores from
wining blocks chambers driven by asynchronous motors, fixed on a stationary frame,
bearings of heavy series are installed on debalanced vibrators. Therefore, acceleration
of the impactor of their vibro-impact drive in normal vibration output modes, it is
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possible to provide at a level of 200 m/s*. Under conditions of blockage, in the short
term, the accelerator of a impactor can increase to 400-500 m/s”, depending on the
setting. Given the possibility of achieving such a level of acceleration and growth, in
this case, the spectral density and the width of the frequency spectrum of oscillations
that is excited in the vibrational system of the feeder, this will ensure high
productivity and efficiency of the vibration output of the reflacted ore from the
wining blocks chambers.
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AHoTauif. [JocnimkeHo PexuMn KOnmBaHb BiOpaLyiiHMX XMBWMbHWKIB 3 aganTMBHWUM BiBpOYZapHUM MPUBOLOM, SiKi
NpU3HaYeHi Ans BUNYCKY Ta HaBaHTaXEHHS BiAOWTOI pyam 3 kamep 04MCHUX BrokiB npu nig3emHomMy BUgobyTKy, abo iHLLmMX
CUMyYmx cepeaoBuLy i3 ByHKepiB TOLLO, NpU CKNagHWX ymoBax Bibpauii. Pe3oHaHCHI NonivacToTHI KONMBaHHS yOapHWKaA
BiOpOyZAPHOrO MPUBOLY KMBUMBHWKIB 3 TakMM MPUBOLOM 30YKYIOTHCA B BIOPOYAApHWX pexumax Ta yepe3 0aHODIYH
NPYXHi eNeMeHT NepedarnTbCs Ha NOTOK Nojadi Ta B CTOBM BiAOWMTOI pyau B kamepy Hag NoTkoM. 3i 36inblieHHsaM
HaBaHTaXEHHS Bif PYaAN Ha NOTOK CNOCTEpIraeTbCs 30iNbLLEHHS iIHTEHCUBHOCTI Bibpauii yaapHuka BibpoygapHoro npueoga
3 MPUCKOPEHHSIM B COTHI M/c2. Taki konmBaHHs 30inbluyioTb rMMOKUHY PO3NOBCIOMKEHHS BibpaLiiHX edekTiB y CTOBNI
BiOOMTOI pyan Hag NMOTKOM, WO nigBuLlye edeKTMBHICTb Ta MPOOYKTUBHICTb BiOPOBMMYCKY. 3anexHo Big napameTpis
XVBUNBHWKIB Y 110r0 KONMBAnbHIN cucTeMi 30ymkytoTbCs pisHi BiBpOyaapHi pexumn konmeaHb. Ha Baxkux BibpaLjinHnx
XVBUNbHUKAX, SIKi BUKOPWUCTOBYIOTBCS ANS Bibpauii Ta 3aBaHTaxeHHs BioOWTMX pya 3 ouncHux 6noki, kamep, Ta
NPMBOAATLCS B PyX 3@ AOMOMOTOK aCUHXPOHHWX ABUIYHIB, 3aKPINMEHWX Ha CTaLiOHaPHIN pami, NiLUMIHUKA BaXKoi cepii
BCTaHOBMIOKTLCA Ha AebanaHcoBaHi BibpaTtopu. Tomy, NPUCKOPEeHHs yaapy Big ix BiOpoyaapHOro NpuBoAy B HOPMarbHMX
pexumax BibpaLlii MoxxHa 3abe3neunty Ha piHi 200 m/c2. 3a yMOB 3aBMCaHHS pyam B KOPOTKWN TEPMiH MPUCKOPEHHST yaapy
Moxe 36inbwmtncs go 400-500 m/c?, 3anexHo Big napameTpiB. BpaxoByluM MOXMMBICTb LOCArHEHHS TaKOrO PiBHS
3POCTaHHA MPUCKOPEHHS, Y LibOMY BUMadKy CnekTpanbHa LWinbHICTb Ta LWMPUHA YaCTOTHOMO CMEKTPY KOMMBaHb, L0
30ymKytoTbCs Y BiOpaLilHIN CUCTEMI XMBWMbHKKA, 3abe3neyaTb BMCOKY MPOAYKTVBHICTb Ta e(PEKTUBHICTL BibpOBMMYCKY
BiAOWTOI pyan 3 kamep OuMCHMX BrokiB. 3aBaaHHSM BUOOPY PEXUMY XUBMIbHIKA € BUSHAYEHHS TaKVX napaMeTpiB, siki 6
3abe3neyvyBany echeKTMBHWIA BIOPOBMMYCK MPCHKOI MacK Ta HAZIMHICTb MOTO ekcnyaTalii.

KntouoBi cnoBa: nig3emHuit BugobyToK, BibpaLliHi KUBUMbHWKK, CUNKe CepenoBuLle, BibpOydapHUii aaanTUBHUIA
MPMBIZ, NOMYaCTOTHI KONMBAHHS, YaCTOTHWI CMEKTP, BIOPOBMMYCK MPCEKOI Macy, BUCOKA MPOAYKTUBHICTL Ta eheKTUBHICTb.

AHHOTauma. VccriefoBaHbl pexuMbl konebaHuii BUMOPAUMOHHBIX MWTaTENen C apanTuBHbIM BUOPOYAAPHbLIM
NPUBOAOM, MpefHasHa4YeHHble Ans Bbinycka W MOrpysk OTOWUTOM pyabl M3 Kamep OYMCTHbIX ONIOKOB Mpu MOA3EMHON
A00bl4e Unn apyrix coinyunx cpeg u3 ByHKepoB 1 T.M., MPW CIIOXHBIX YCNOBUSX BUOpaLW. Pe30HaHCHbIE NONMYacTOTHbIE
konbaHus yaapHuKka BUOpOyAapHOro Nprueoga nuTaTenen ¢ Takum NpuBoLoM Bo30OykaakTcs B BUOPOyOapHbIX pexumax, u
yepe3 OJHOCTOPOHHME YNpyrie dneMeHThbI NepefatoTcs Ha NoToK U B cTonb oTbuTon pyabl B kamepe Hap notkom. C
YBENWYEHNEM Harpysks OT pydbl Ha JOTOK HabniogaeTcs yBEnMYeHWe WHTEHCWMBHOCTM BUOpaLMM yaapHUKa
BMOpOydapHOro MpuBoda C YCKOpeHWeM B COTHM M/C2. Takue konebaHus yBenuumBaioT rmybuHy pacnpocTpaHeHus
BUOpaUMOHHBIX 3hchekToB B CTONGe 0TOMTON pydbl Haf NIOTKOM, YTO NOBbILWAET 3)EKTUBHOCTL W NPOU3BOAUTENBHOCTL
BuOpOBbINyCKka. B 3aBWCMMOCTM OT napameTpoB nuTaTens B ero konebaTenbHon cucteme BO3DYKOAKTCS pasnuyHble
BuOpOyaapHble pexuMbl konebanuini. Ha Tsxenbix BUOPALMOHHBIX NUTATENsX, KOTOpble UCMOMb3ytoTes Ans Bubpaumm n
3arpysku OTOUTON pyabl 13 OYUCTHBIX BIIOKOB, Kamep, 1 NPUBOZSATCS B ABWKEHWE C MOMOLLIO aCUHXPOHHbIX ABUraTenen,
3aKpenneHHbIX Ha CTaLMoHapHON pame, NOALINMHUKA TSKEMNOoi Cepun ycTaHaBnmMBatoTcs Ha aebanaHcoBaHble BUGpaTopb!.
lMoaTomy, yckopeHue yhapa OT X BUOpOydapHOro NpuBOAa B HOpManbHbIX pexuMax BubpaLmn MOXHO obecneuntb Ha
ypoBHe 200 m/c2. B ycrioBusix 3aBUCaHHS pydbl 3@ KOPOTKOE BpeMs yCKOpeHue yaapa MoxeT yeenuuntbcs Ao 400-500
M/C2, B 3aBMCUMOCTW OT NapameTpoB. YuuTbiBash BO3MOXHOCTb JOCTUKEHWS TAKOrO YPOBHS BO3pacTaHUs YCKOPEHWS, B
9TOM Cfyyae CriekTpanbHas MNOTHOCTb M LIMpUHA YacTOTHOrO CnekTpa korebaHuit, Bo3byxaaeMblx B BUOPALMOHHON
cucTeme nuTarens, obecneyar BbICOKYHO NMPOU3BOAUTENBHOCTL M 3dhGhEKTUBHOCTL BUOPOBbINYCKa OTOWUTO pyabl U3 kamep
OumMCTHbIX 6rokoB. 3apaveit Bbibopa pexuMa nuTaTens SBNSeTCs BblBOp Takux NapameTpoB, KOTOPblE obecneunsaioT
3hheKTUBHBIN BMOPOBBLIMYCK FOPHON MaCChl 1 HAAEXHOCTb €10 SKCMMyaTaLum.

KntoueBble cnoBa: nogsemHas Aobbiua, BUOPALMOHHbIE NUTATENW, Chinyyas cpeaa, BUOPOyAapHbI afanTUBHbIiA
NpUBOA, NONMYACTOTHbIE KonebaHusi, YaCTOTHbIN CrEKTP, BUOPOBBINYCK FOPHOM MacChl, BbICOKAs MPON3BOAMTENBHOCTL W
3P PEKTUBHOCT.
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