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Abstract. The article is devoted to the stand tests research of the hydraulic vibrator systems and the establishment of their
main parameters for influencing the coal-rock massive through the host rocks.

Based on the struts of mechanized supports, hydraulic systems of the vibrators working as compact vibratory machines are
selected and improved. They carry out the controlling function of the coal-rock massive state through the host rocks in the longwall,
working out hazardous flat-falling coal seams with hard-to-break roofs, often represented by hazardous sandstones. Stand tests of
vibrator systems of two and three racks of hydraulic supports, which operate in continuous and pulsed modes with automatic and
manual control, are carried out. In this case, the frequency-amplitude characteristics are obtained. Namely: the time of the liquid
pressure relief and the synchronous operation of the hydraulic racks is determined. For this purpose, the laboratory stand is
equipped with strain gauge pressure sensors and manometers. The study of the characteristics of hydraulic vibrator systems is
carried out at various initial pressures, volumes of the piston cavities, rotation of the air motor, etc. Evaluation of the measurement
results made it possible to establish that the true values of the measured quantities are in the necessary intervals. The main
parameters of hydraulic vibrator systems, the frequency and amplitude of the impact are determined, and the fundamental possibility
of their operation as compact hydraulic machines in the lavas of mines hazardous by sudden emissions of coal and gas and rock
emissions is proved. Measurement of sound level, vibration pressure (up to 12 m/s2) and vibration velocity (up to 1.4 m/s) meets
safety requirements. When conducting stand tests, there were no significant malfunctions in the operation of the hydraulic vibrator
system, which indicates its high reliability.

The principal possibility of using hydraulic systems as compact hydraulic machines has been established for controlling the
condition of the coal and rock massif, moving the reference pressure zone from the bottom of the clearing generation and controlling
the rock pressure of a hard-to-reach roof.

Keywords: hydraulic vibrator systems, hydraulic machines, coal-rock massive, vibration pressure, vibration velocity.

Introduction. Currently, vibratory machines and mechanisms are widely used in

almost all industries and national economy. Their widespread use is due to the
specific impact of vibrations on the various properties of solids, dry and liquids
material.
The introduction of vibrotechnics in the industry assists to the intensification of
technological processes increases the economic efficiency of enterprises, increases
labor productivity. It also greatly simplifies and facilitates the automation of many
technological processes, creates convenience when moving gassing and dusty
materials, simplifies devices for intermediate loading and unloading coals, allows
combining technological processes, etc.
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For the coal industry is relevant when the mining complex was combined and
safe. Namely, it included operation to reduce the outbreak of reduce fortresses
bottomhole zone coalbed seam, on the management of the hard-to-fall roof, including
outburst hazardous, enclosing rocks, that is make the coal mining process uniform
and safe. Thus, several schemes of vibrator systems for vibration impact on the coal-
rock massive were considered which took into account the possibility of using
hydraulic equipment commercially produced by the machine-building industry of
Ukraine.

Of all the systems considered, the most appropriate were selected as compact
hydraulic machines as follows:

1) systems of hydraulic vibrators operating in continuous vibration mode;

2) systems of hydraulic vibrators operating in pulsed mode.

For their use in working gas mines it is necessary to establish the fundamental
possibility of the operation of such systems as compact vibrating machines to control
the condition of the coal and rock massive.

Therefore, the aim of the work is to conduct stand tests of the systems of
hydraulic vibrators and the establishment of their main parameters for impact the
coal-rock massive through host rocks.

Methods. When conducting research on vibrator systems on the stand, the
following main tasks were solved:

1) verification of the performance of the proposed designs of the systems of
vibrators;

2) the study of the characteristics of the systems of vibrators (the frequency of
oscillations of the rods of hydraulic props, the time of the pressure in the piston
cavity, the time of unloading, the shape and amplitude of the oscillations, etc.);

3) the accumulation of experience with systems of hydraulic vibrators with regard
to their use in gas mines.

Studies of the proposed systems of vibrators [1] were carried out on a laboratory
stand (Fig. 1), which consisted of the upper support 1, racks 2 and the base 3. The
base and upper supports were made of I-beams Ne 33 and the racks of I-beams Ne 20.

The change in pressure in the piston cavities of the hydraulic racks 4 was recorded
using tensometric pressure sensors 5. Measuring equipment was connected to the
sensors: a tensometer amplifier and a light beam oscilloscope. For visual observation,
as well as for the calibration of strain gauges, a tensometer 6 was used.

Research of the characteristics of the systems of vibrators were carried out in the
following order: using a crane beam, were installed hydraulic props on the stand; the
power supply of the vibrator systems was installed; connected instrumentation;
registration of characteristics of systems of vibrators; dismantling of vibrator
systems; processing of measurement results.
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1 - upper support; 2 - stand; 3 - lower support; 4 - hydraulic racks;
5 - tensometric pressure sensors; 6 — manometer

Figure 1 - Laboratory stand for testing vibrator systems

The research of the systems characteristics of vibrators was carried out in
continuous vibration and pulsed modes of operation at different initial pressures,
volumes of piston cavities, rotational frequencies of the pneumatic engine, etc. The
evaluation of the measurement results made it possible to establish that the true value
of the measured values is in the required interval.

Results and discussion. The dependence of the change in the pressure amplitude
in a hydraulic prop on the oscillation frequency of the rod and its variable volumes of
piston cavities in the continuous vibration mode was determined [2, 3].

At the beginning, the tests were carried out on three hydraulic prop, and after the
breakdown of one prop - on two props. The data obtained during waveform
processing are presented in tables 1 and 2. On the basis of their built graphs of
pressure changes in the piston cavities of hydraulic props on the oscillation frequency
under different initial conditions (Fig. 2, 3).

ip

MPa

1.0 2.0 1.0 4.0 3.0 f-Hz
1 - hydraulic prop #1; 2 - hydraulic prop #2; 3 - hydraulic prop #3

Figure 2 - Pressure change in piston cavities as a function of the oscillation frequency for three
hydraulic props
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Table 1 - The change in pressure in the piston cavities of three hydraulic props depending on the
initial pressure, initial volume and frequency of oscillation of the piston

oslzillslft?on I—gglsr;lj:éc lr\)/ig;;s Pr_essure cha_nge Initial conditions
frequenc _ in hydraulic P Th I fihe pist

q Y, min max rops. AP. MPa | PTOPS pressure, e volume of the piston
f, Hz Props, A%, Py, MPa cavity prop, Vo, m®
1.20 2.69 6.85 4.16 8.00 0.00095

1.20 2.34 7.12 4.78 8.00 0.00095

1.20 2.15 7.93 5.78 8.00 0.00095

1.50 2.58 6.03 3.45 8.00 0.00095

1.50 2.28 6.18 3.90 8.00 0.00095

1.50 2.03 7.12 5.09 8.00 0.00095

2.00 2.83 5.64 2.81 8.00 0.00095

2.00 2.58 5.98 3.40 8.00 0.00095

2.00 2.03 6.45 4.42 8.00 0.00095

3.00 2.67 4.80 2.13 8.00 0.00095

3.00 2.28 4.93 2.65 8.00 0.00095

3.00 2.01 5.76 3.75 8.00 0.00095

3.50 2.49 4,52 2.03 8.00 0.00095

3.50 2.19 4.61 2.42 8.00 0.00095

3.50 1.64 5.14 3.50 8.00 0.00095

4.00 2.76 4.48 1.72 8.00 0.00095

4.00 2.33 4,57 2.24 8.00 0.00095

4.00 1.89 5.10 3.21 8.00 0.00095

4.50 2.39 4.02 1.63 8.00 0.00095

4.50 2.15 4.28 2.13 8.00 0.00095

4.50 1.84 4.92 3.08 8.00 0.00095

5.50 2.07 3.65 1.58 8.00 0.00095

5.50 1.95 3.81 1.86 8.00 0.00095

5.50 2.12 4.89 2.77 8.00 0.00095

\MPa

0.0

1 - two hydraulic props with

Vo = 0.00207 m® and Pg = 7.5 MPa;
2 - two hydraulic props with

Vo = 0.00207 m* and Py = 11.0 MPa;
3 - two hydraulic props with

Vo = 0.00142 m* and Py = 13.0 MPa;
4 - three hydraulicaprops with

Vo = 0.00095 m® and P, = 8.0 MPa

5.0

4.0 +

1.0 2.0 1) 4.0 5.0 6.0 1. Hz

Figure 3 - Dependence of average values of pressure change in piston cavities on the oscillation
frequency for two and hydraulic props under different initial conditions
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Table 2 - The change in pressure in the piston cavity of two hydraulic props, depending on the
initial pressure, initial volume and frequency of oscillation of the piston

Piston Hydraulic props

oscillation pressure, P, MPa Pr_essure cha_nge Initial conditions
frequenc _ in hydraulic P The vol fihe pist

q Y, min max rops. AP. MPa | PTOPS pressure, e volume of the piston
f, Hz Props, A%, Py, MPa cavity prop, Vo, m®
2.00 3.95 7.00 3.05 7.50 0.00207
2.00 0.94 3.22 2.28 7.50 0.00207
3.00 3.68 6.11 2.43 7.50 0.00207
3.00 0.85 2.52 1.67 7.50 0.00207
4.00 3.56 5.59 2.03 7.50 0.00207
4.00 0.63 1.93 1.30 7.50 0.00207
5.00 3.27 5.07 1.80 7.50 0.00207
5.00 0.42 1.72 1.30 7.50 0.00207
5.75 3.27 4.84 1.57 7.50 0.00207
5.75 0.29 1.54 1.25 7.50 0.00207
6.05 3.74 521 1.57 7.50 0.00207
6.05 0.58 1.83 1.35 7.50 0.00207
2.75 5.02 10.99 5.97 11.00 0.00207
2.75 2.00 7.28 5.28 11.00 0.00207
3.75 5.02 9.65 4.63 11.00 0.00207
3.75 2.11 6.03 3.92 11.00 0.00207
4.75 5.43 9.23 3.80 11.00 0.00207
4.75 2.42 5.57 3.15 11.00 0.00207
5.25 1.58 5.11 3.53 11.00 0.00207
5.25 0.00 2.70 2.70 11.00 0.00207
6.00 1.65 5.02 3.37 11.00 0.00207
6.00 0.22 2.84 2.62 11.00 0.00207
1.20 5.94 12.30 6.36 13.00 0.00142
1.20 6.64 12.51 5.87 13.00 0.00142
1.50 5.74 10.88 5.14 13.00 0.00142
1.50 7.02 11.45 4.43 13.00 0.00142
1.70 5.563 10.86 5.33 13.00 0.00142
1.70 7.22 11.17 3.95 13.00 0.00142
2.00 5.563 10.15 4.62 13.00 0.00142
2.00 6.76 10.44 3.68 13.00 0.00142
2.20 5.53 10.04 451 13.00 0.00142
2.20 6.99 10.21 3.22 13.00 0.00142
2.70 5.53 9.63 4.10 13.00 0.00142
2.70 6.53 9.52 2.99 13.00 0.00142
3.20 4.92 8.61 3.69 13.00 0.00142
3.20 5.84 8.37 2.53 13.00 0.00142

Graph analysis in Figure 2 for three hydraulic props confirms that with an
increase in the oscillation frequency the change in pressure in the piston cavities of
the hydraulic props decreases which corresponds to the theoretical studies carried out
[4]. So, with the frequency of oscillations of the rod f = 1.2 Hz, the average value of
the pressure change in the hydraulic props is 4.9 MPa, and at f = 5.5 Hz — 2.1 MPa.
The maximum oscillation frequency of the pistons of the three props was 5.5 Hz.
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The graph is described by the following logarithmic equations: for hydraulic prop
Nel

P(f)=-1.92-In(f)+5.928,

with accuracy of approximation R? = 0.99;
- for a hydraulic prop #2

P(f)=-1.83-In(f)+4.804,

with accuracy of approximation R? = 0.97;
- for a hydraulic prop #3

P(f)=-17-In(f)+4.189,

with accuracy of approximation R? = 0.96.

The graphs of the pressure change in the hydroelectric piston cavities for the
average values of the experimental studies results are shown in Figure 3.

Analysis of the graphs shows that the character of the established dependencies is
similar to that obtained for a system of three hydraulic props. When reducing the flow
area in the drain line is observed shift of the reference point of the pressure amplitude
in the direction of its increase.

It was determined that with increasing pressure, the impact force generated by the
vibrator system increases, the maximum value of which was at P = 13 MPa for a
system of two hydraulic props ~ 710 kN and at P = 8.0 MPa for a system of vibrators
from three hydraulic props ~ 600 kN.

The graphs are described by the following logarithmic equations:

-graph 1

P(f)=-1.1-In(f)+3.331,
with accuracy of approximation R = 0.96;
- graph 2
P(f)=-2.82-In(f)+6.237,

with accuracy of approximation R? = 0.94;
- graph 3

P(f)=-3.94-In(f)+9.024,

with accuracy of approximation R* = 0.98;
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- graph 4
P(f)=-1.81-In(f)+4.974,

with accuracy of approximation R? = 0.98.

When analyzing the oscillograms, the synchronicity and phase shift of forced
oscillations of the pistons of hydraulic props are established. The phase shift with
increasing frequency of oscillation of the pistons increases from ¢=3° at f = 1 Hz to
@=26° at f = 6.5 Hz. The phase shift is influenced by the difference in pressure losses
on the resistance of pipelines after the hydraulic control valve spool.

After testing the system of vibrators in continuous mode, the system was tested to
operate in a pulsed mode. Initially, tests were conducted with a manual control
system. At the same time, frequency-amplitude characteristics, time of discharge of
fluid pressure were obtained, the synchronous operation of hydraulic props was
determined.

In processing the oscillograms of pressure changes in the piston cavities of
hydraulic props (Table 3) and a graph of pressure change versus time is presented

(Fig. 4).
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Figure 4 - The dependence of the pressure change in the piston cavities hydraulic props from time

Analyzing the dependence obtained shows that the maximum amplitude of
pressure oscillations is 15 MPa, the rise time of the pulse from zero to a maximum is
7-9 s, and the fall time is 0.10-0.15 s. The minimum pulse repetition period is 15-20
s. Hence, the pulse repetition rate is f = 0.06 Hz. The pulse shape is triangular.

In analyzing oscillograms, which were obtained by testing a system of vibrators
from three poles, they were synchronized at a pulse repetition rate of f = 0.05 Hz. The
phase shift of the forced oscillations of the pistons of the hydraulic props was ¢ = 5°.
This is influenced by the difference between the efforts of the spring action of the
main valves of the hydraulic lock.
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The maximum force of impact, which is created by a system of vibrators from
three hydraulic legs, was 900 kN. During the testing of significant problems in the
system of vibrators did not occur. This indicates a high system reliability.

The characteristics of the vibrator system operation in a pulsed mode with
automatic control on the experimental equipment were determined.

Table 3 - The change in pressure in the piston cavity hydraulic props depending on time

Pressure change in Pressure recession time in
hydraulic prop AP, MPa hydraulic prop, t, s
18.50 0.18
12.00 0.12
12.00 0.20
12.00 0.13
19.00 0.20
12.00 0.18
18.50 0.20
11.50 0.11
19.00 0.22
11.00 0.15
19.50 0.21
12.50 0.13
18.00 0.17
13.00 0.14
19.70 0.21
13.50 0.15
20.00 0.19
14.00 0.15
18.50 0.20
11.00 0.10

The data obtained are identical to the characteristics of the operation of the
vibrator system in a pulsed mode with manual control. The pulse repetition period
was 15-20 s.

Measurement of sound level, vibration acceleration and vibration velocity was
carried out by the noise and vibration meter VSHV-003. The results showed in tables
4 and 5. It’s showed that the proposed vibrohydraulic device meets the safety
requirements (does not exceed the allowable, for vibration acceleration - 12 m/s?, for
vibration velocity - 1.4 m/s), workable and can be used as a means of influence to
control the state of a coal-rock massive [5].

The determination of the oscillation frequency of the piston rod was carried out
according to the data obtained during experimental tests of oscillograms. Frequency
determination was performed for each value (Table 1-3).

Confidence probability o = 0.90, which is sufficient for mechanical tests.

The measurement of pressure in the piston cavities of the hydraulic props was
carried out with a manometer MT, accuracy class 1.5 % of the final measurement
scale n=40-0.015=0.6 MPa.
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Table 4 - Dependence of the noise level on the oil station pressure

Oil station Dynamic i.nte'rval Frequency
pressure, MPa lower limit _ interval,

’ A4 B C Line Hz
8 25 30 30 35 69
9 27 32 33 38 72
10 28 35 35 40 74
11 30 37 38 43 75
12 32 39 40 45 76
13 35 43 42 48 80
14 40 46 45 52 85
15 44 49 48 55 90

Table 5 - Dependence of vibration acceleration, vibration velocity on the oil station pressure

Oil station pressure, Vibration acceleration, | Vibration velocity, m/s
8.0 5.0:107 0.10
9.0 6.5-107 0.13
10.0 7.8:107 0.18
11.0 8.9-107 0.21
12.0 9.8-107 0.26
13.0 10.6:10 0.33
14.0 10.8-10° 0.38
15.0 11.2-10° 0.45

and the probability of finding deviations in the interval + ¢ is 50 %.
The standard deviation t of the instrument readings is calculated by the formula

. 0.707
n

In this case, the probability that the deviations will be within the allowable
interval is 68.2 % (6 = 6.0 %).

Thus, 68.2 % of all counts with a calibrated value of 20 MPa are in the interval
from 18.8 to 21.2 MPa, and half of all counts are between 19.2 and 20.8 MPa.

The evaluation of the measurement results allows us to conclude that the true
value of the measured values is in the required interval.

Conclusions. The principal possibility of using hydraulic systems as compact
hydraulic machines has been established for controlling the condition of the coal and
rock massif, moving the reference pressure zone from the bottom of the clearing
generation and controlling the rock pressure of a hard-to-reach roof.

The basic parameters of the vibration systems operating in continuous and pulsed
modes with manual and automatic control are determined. It was established that the
maximum amplitude of pressure oscillations is 15 MPa, the rise time of the pulse
from zero to a maximum is 7-9 s, and the fall time is 0.10- 0.15s. The minimum
pulse repetition period is 15-20 s.

The operation of the vibrator systems in pulsed mode is characterized by
hyperbolic dependence. With increasing pressure increases the force that creates a

T =1.2 MPa.
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system of vibrators. The maximum force is 710 kN for a system of two hydraulic
rails at P = 13 MPa and 600 kN for a system of three hydraulic rails at P = 8 MPa.
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AHortauisa. CtatTa NpucBAYyETHCA OOCMIMKEHHAM CTEHAO0BMX BUNPobyBaHb CUCTEM rigpaBniyHKX BibpaTopiB i
BCTAHOBMEHHS X OCHOBHWX NapameTpiB ANg fii Ha BYrnenopoaHui Macus Yepes BMILLOYi Nopoau.

Ha ocHOBI CTilOK MexaHi30BaHUX KpinneHb nigibpaHi Ta goonpauboBaHi rigpasnivHi cuctemn BibpaTopi, sKi
NpaLotTh, SIK KOMNAKTHi BibpomMaLLnHW. BOHU BUKOHYIOTb (DYHKLIO YNpaBMiHHA CTaHOM BYINEnopO4HOro MacuBy Yepes
BMilLlytoyi nopogW B naBax, WO BiANPaUbOBYKOTb BUKMAOHEDE3NeYHi noxwnonagatodi ByrinbHi nuact 3
BaKKoOOBaoBanbHUMKU MOKPIBNSMK, SKi YacTO MpefcTaBneHUMU BukupoHebesneuHumm nickosukamu. [lpoBeaeHo
cTeHooBi BuUNpoOyBaHHA cucTeM BIBpaTopiB 3 ABOX i TPbOX CTiMOK TiApaBMiYHUX KpinneHb, SKi npautoioTb B
BesnepepBHOMY Ta iMMyMbCHOMY pexumax 3 aBTOMATWYHWM i py4yHUM criocobom ynpasniHHAM. [pu ubomy Bynu
OTPUMaHi YacTOTHO-aMNAITYAHI XapakTepucTuku. A came: Yac CKWOAHHS TUCKY PidUHW Ta BU3HAYEHA CUMHXPOHHICTL
poboTu rigpocTinok. [Ang uboro nabopaTopHuit cTeHn OyB OCHALLEHWA TEH3OMETPUYHMMM AaTyukamu TUCKY Ta
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MaHOMEeTpaMu. BMBYEHHS! XapaKTepuCTWUK CUCTEM rigpaBniyHnX BiGpaToOpiB NMPOBOAWMMMCH MPU PI3HWUX MOYATKOBKX
TiCKaX, 0bcarax NopLIHEBKX NOPOXHWH, 06epTaHHs NHeBMOABUIYHa Ta iH. OLiHka pe3ynbTaTiB BUMIpIOBaHb 403BONMNA
BCTAHOBWTW, LLO iICTUHHI 3HAYEHHS BUMIPIOBAHUX BEMUYMH 3HAXOAATHCA B HEODXigHWX iHTepBanax. BusHayeHo OCHOBHI
napameTpyu CUCTeM rigpaBniyHKX BibpaTopiB, YacToTa i aMnniTy4a BNAvBY, a TakoX AOBEAEHO MPUHLMMOBY MOXIMBICTb
iX poboTH, K KOMNAKTHUX ripOMALLVH B NaBax LIaxT HebesneyHux 3a panToBUMM BUKWAAMM BYFiNNS 1 rady Ta BUKMLIB
nopoau. BumiptoBaHHs piBHS 3BYKy, BibpoTucky (80 12 m/c?) i BibpoLuBuakocTi (8o 1,4 M/c) Bignosigae BUMOram TeXHik
Be3snekw. Mpu NpoBeaeHH cTeHOO0BKX BUNPODBYBaHb iICTOTHUX HECMPABHOCTE B POOOTI cMCTEMM rigpaBnivyHMX BibpaTopis
He CnocTepiranoch, Wo CBiAYMTL Npo i BUCOKY HAZIMHICTb.

BCTaHOBMEHO MPUHLMMOBY MOXMWBICTL 3aCTOCYBaHHS rigpaBRiYHUX CUCTEM, SIK KOMMAKTHWX TigpOMallnH AN
YNpaBIiHHS CTaHOM BYINENOPOAHOr0 MacyBY,NEPEMILLEHHS 30HM OMOPHOrO TWUCKY Bif BMOOK O4YWCHOI BMpODKKM Ta
YNpaBIiHHA MiPCbKUM TUCKOM BaXKOKEPOBAHOI MOKPIBI.

KntouoBi cnoBa: rigpasniuHi BibpauiiHi cuctemu, rigpaBnivHi MallMHM, BYrMEnopoaHUiA MacuB, TUCK Bibpalii,
LWBMAKICTb BibpaLii.

AnHoTauus. CTaTbs NOCBALLAETCS UCCNEA0BaHNAM CTEHOOBBIX UCMbITAHUI CUCTEM TMAPaBINYECKIX BUBPATOPOB
1 YCTaHOBIEHWE UX OCHOBHbIX MapaMeTpoB A/1 BO3LEACTBUS Ha YrENnopoaHbIi MaccuB Yepes BMeLLaoLLMe Nopoabl.

Ha ocHoBe CTOek MexaHu31poBaHHbIX Kpener nogobpaHbl U JopaboTaHbl rMapaBanyeckue CMCTeMbl BUOpaTOpoB
paboTalole kak KOMMnakTHble BMOPOMALLMHBL. OHW BbIMOMHSIOT (OYHKUMIO YNPaBMeHUs COCTOSHUEM YrnenopoaHOro
MaccuBa Yepe3 BMelLaloliue nopoabl B naBax oTpabaTtbiBalowmMx BblibpacoonacHble Mororonajarolmne yronbHble
nnacTbl C TPYAHOOOPYLIAEMbIMU  KPOBMASMM  3a4acTyld MPeACTaBneHHbIMU  BbIGPOCOONACHBIMIA  NecCYaHUKaMM.
MpoBeaeHbl CTEHAOBbIE UCMbITaHWS CUCTEM BMOPATOPOB M3 ABYX M TPEX CTOEK MAPaBMMYECKMX Kpenewn, KOTopble
paboTaloT B HENPEPLIBHOM W UMMYBCHOM PEXMMaX C aBTOMAaTUMYECKAM W pyYHbIM criocobom ynpasneHvem. MNpu atom
ObinM  NonyYeHbl 4aCTOTHO-aMNAMTYAHbIE XapakTepUCTMKW. A MMEHHO: Bpems cOpoca [aBneHUs XMAKOCTU U
onpeaeneHa CUHXPOHHOCTb paboTbl ruapocToek. [ns atoro nabopatopHblid cTeHd Obln OCHALLEH TEH30METPUYECKAMM
[aTyMKaMu AaBNEHNS N MaHOMETpamu. M3yyeHne xapakTepucTuk CUCTEM rMapaBnyeckux BUOpaTopoB NpOBOAMAMCH
NP1 PasnnyYHbIX HavanbHbIX JaBneHUsX, 06bEMax NOPLUHEBLIX MONOCTEN, BpalleHns nHeBmoasuratens u ap. OueHka
pesynbTaToB W3MEPEHWA NO3BOMMMA YCTAHOBWTb, YTO WCTWHHbIE 3HAYEHUS W3MepSEMbIX BENMYMH HaxogsaTcs B
HeobxoauMbIx MHTepBanax. OnpeaeneHbl OCHOBHbIE MapameTpbl CUCTEM rUApPaBRMYECKUX BMOpATOpOB, YacTota M
amnnnTyga BO3AENCTBUS, a Takke JoKasaHa NpUHLMNMarbHas BO3MOXHOCTb MX paboThl Kak KOMMAKTHbIX TMAPOMALLMH
B NaBax LWaxT onacHblX MO BHE3anmHbIM Bbibpocam yrns u rasa w BbIGPOCOB Nopodbl. M3mepeHue ypoBHS 3BYKa,
BubpogasneHust (0o 12 mic?) n BubpockopocT (8o 1,4 m/c) otBeyaeT TpeboBaHMs TexHukn GesomacHocTu. [Mpu
NPOBEeAEHUN CTEHOOBbIX UCMbITaHUN CyLLECTBEHHBIX HEnornagok B pabote CUCTEMbl rMgpaBnmMyeckux BubpaTopoB He
BO3HWKNO, YTO CBUAETENLCTBYET O €6 BbICOKON HaZEXHOCTY.

YcTaHoBMneHa NpUHUMNUanbHas BO3MOXHOCTb NPUMEHEHNS TUAPABAMYECKNX CUCTEM KaK KOMMaKTHbIX MAPOMALLVH
ONS YNpaBieHns COCTOSIHMEM YTNenopoaHOro MaccuBa, NepeMeLLEHNs 30HbI ONOPHOTO AaBneHus OT 3ab0st OYUCTHOM
BbIPabOTKM M yNpaBneHusl rOpHbIM JaBMneHWeM TPyAHOYNPABISEMOi KPOBIH.

KnioueBble cnoBa: rugpaBnuyeckme BUOPALMOHHbIE CUCTEMbI, TMAPABINYECKME MAaLLWHBI, YrNenopoaHbIi
MaccwB, AaBneHune Bubpaumn, CKopocTb Bubpaumu.
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