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The applications of space vehicles in the modern world are extensive enough: satellite communication, broadband
and narrowband broadcasting, meteorology, scientific research and others.

For this reason, modern space vehicles use the latest achievements of science and technology. It allows us to create
easy, compact space vehicles with a wide functional.

The devices developed in the Research and Production Center “Polus” should meet the requirements of advanced
reliability both for regular and for emergency operating modes. One of the scopes of application of such devices is
designing of space vehicles.

The main task at designing and manufacturing of devices and their components is reliability maintenance. This is
a primary requirement to custom-made products for which repair at major failures is extremely labor-consuming.
At the same time, serious demands are made to mass, dimensional characteristics, power consumption, payloads, noise
characteristics of separate blocks and devices, and other technical parameters. However, it is necessary to consider
that at high requirements to characteristics the process of creation of products should be technological.

There are various techniques to define reliability of technical devices and their components. One of such ways
is carrying out the whole complex of tests simulating a full cycle of operation of the device or a mechanism. However,
experimental techniques have essential disadvantages, namely: high cost and long duration. Mathematical modelling
allows us to reduce expenses on mock-up designing, engineering time, risks, to reveal weak points, to develop recom-
mendations for strengthening the design and to give preliminary conclusions about firmness of the device to loads.

Along with thermal, electrostatic and frequency characteristics, mechanical effects play an important role, i. e.
dynamic and static loads. In this paper, the results of modelling of external mechanical effects on the device are pre-
sented. Numerical modelling of quasi-static loading and effect on the device of random vibration is conducted and the
modal analysis is carried out. Oscillation modes of the first three resonant frequencies of the device, stress, displace-
ments and accelerations diagrams are obtained. Load factors, the maximum values of displacements and accelerations
at impact actions are determined.
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Obnacmu npumeHeHUs KOCMUHECKUX ANNAPAMOS 6 COBPEMEHHOM Mupe OOCMAMOYHO OOWUPHBI. CHYMHUKOBA
CB513b, WUPOKONOJOCHOE U Y3KONOIOCHOE Beljanue, Memeopoao2us, HayuHble UCCIe008aHUs U Np.

Hmenno nosmomy cospemennvie KOCMUdecKue annapamsl UCNOLb3YIOM 8Ce NOCeOHUe OOCTUINICEHUsT HAYKU U 1eX-
HUKU. Imo no3goisiem co30a6ams Je2Kue, KOMNAKMHble KOCMUYECKUe annapamol ¢ WupoKuUM QYHKYUOHATIOM.

K npubopam, paspabameisaemvin 6 AO «HIIL] «Ilonocy, npedvasnaiomcs mpebo8aHus NOSbIUEHHOU HAOeHCHOCMU
KaK 8 WMAamHblx, max u Heumamuulx pescumax pavomol. OOHOU U3 cghep npumeHnenus noOOOHBIX NPUOOPOB ABNIAEMC
NPOEKMUPOBAHUE KOCMUYECKUX AnNapamos.

Inasnoil 3a0auel npu nPoOeKMUPOBAHUL U U32OMOGIEHUU NPUOOPOS U V306 AGISEMCsL 0becnedeHue HAOEHCHOCHI.
DOmo nepsocmenennoe mpeboganue K WmMyuHblM HeCEPUIIHbIM U30ENUM, Ol KOMOPBIX PEMOHM NPU CEPbe3HbIX HeUuc-
NPAGHOCMAX UPe3BbIUAliHO MPYyOoemMoK. B mo dce apems k Hum npedwvssnaiomes cepbestvie mpeOo8anus K Macco8blM,
2a0apuUmMHbBIM  XAPAKMEPUCMUKAM,  IHEP2ONOMPeONeHUI0, NONE3HbBIM —HASPY3KAM, WYMOGbIM XAPAKMEPUCMUKAM
omoenvHblX OI0K08 U npubOpos, a maxdice npouum mexuwudeckum napamempam. OOnako credyem yyumvl8amo, 4mo
npU BbICOKUX MPEDOBAHUAX K XAPAKMEPUCMUKAM NPOYECC CO30ANUS U30ENULl O0NHCEH DbIMb MEXHOIOSUYEH.
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Cywecmeyiom pasznuunvie MemoOOUKU OnpeoeseHusi HAOeICHOCMU Npubopos U Y3108 MEeXHUYeCKUx yCmpoucms.
OO0HuM U3 maxkux cnocobo8 A6Isemcs NPOGEOeHUe Yen020 KOMIAEKCA UCHbIMANHUL, UMUMUPYIOWUX ROIHbIU YUK QYHK-
yuonuposanusi npubopa uiu ycmpoicmea. OOHAKO IKCNEPUMEHMATbHbIE MEMOOUKU UMEIOM CYUeCMEeHHble He)d0C-
MAmMKU, a UMEHHO, BbICOKYIO CIOUMOCHb U OONLULYIO 8PEMEHHYIO OIUMENbHOCHb. Mamemamuyueckoe MoOeiuposanue
NO360JIs1em YMEHbULUNb PACXO0bl HA MAKEMHOe NPOEKMUPOSAHUe, COKPAMUMb PEMsL pA3PAOOMKU, YMEHbUIUMb PUCKU,
8bLAGUMDb ClAbble Mecmd, pa3pabomams peKoMeHOAyuY No YCULEHUI0 KOHCIMPYKYUU U 0amb RPed8apumenbHoe 3aKio-
yeHue 0 cmotuKocmu npubopa K HA2py3Kam.

Hapsody ¢ mepmuueckumu, snexmpocmamuyeckumy U YacmomublMu XapaKmepucmukamu 8adcHyl0 poib uzparom
Mexanudeckue 6030eticmsus. JJunamudeckue u cmamuyeckue Hazpysku. Ilpeocmagnenvi pe3ynomamosl MOOEIUPOBAHUS
GHEWHUX MeXAHUYecKux o3oeticmauil Ha npubop. Ilposedeno yuciennoe MOOEIUPOBAHUE KEAZUCMAMUYECKO20 HAZPY-
JICEHUs. U 8030€liCMBUsL Ha Npuoop CAyHatHol subpayuu, npogedeH Mooatvhbll ananus. I[lonyuenvl Moovl Konebanull
NepebIX mpex pe30HAHCHLIX 4acmom npubopa, Sniopel HAnpajceHul, nepemewenutl u yckopenuil. Onpedenenvi KOIP-
Quyuenmul 3anaca npoYHOCMU, MAKCUMALbHbIE 3HAYEHUS NepeMeWeHUll U YCKOPEeHU Npu YOAPHbIX 6030€UCMBUSIX.

Kniouegvie cnosa: moodenuposanue, mMexaHuveckuii aHaius, NPOYHOCMb, Keasucmamuyeckoe gozoeticmsue, uopa-
yust, yoapHvie Hazpy3Ku.

Introduction. At present, when developing radioelec-  their mass and the mass of radioelectronic devices are
tronic and electronic equipment, much attention is paid to  taken into account.
the creation of three-dimensional models of devices. This The software automatically creates a combined grid
allows you to reduce the cost of breadboard design and  on a geometric model (fig. 2). The number of grid nodes
development time, to identify weak points, to develop is 1 501 193, and the elements — 888 873. The quality
recommendations for strengthening the design and to give  of the grid is determined by means of the Jacobian. For
a preliminary conclusion about the resistance of the device to  the given grid with a minimum (2 mm) and maximum
loads. In this regard, numerical modelling is widely used (25 mm) side dimensions of its elements, the Jacobian is
in the design as an initial stage of complex testing of de- 29.4 (fig. 3). Its acceptable value is considered not more
vices. With the help of specialized software the problems  than 40.
of strength, stability, dynamics, composites mechanics, The following material parameters were taken into ac-
hydrodynamics and heat transfer are solved [1-13]. count in the analysis (tab. 1): density; Poisson’s ratio;

The specific features of the devices, being developed modulus of elasticity (Young’s modulus); tensile yield
in the Research and Production Center “Polus”, is that strength; strength limit.
they must be rigid and strong. The load-bearing elements The requirements for resistance to external effects.
of the structure consist of plates and frames. In conditions  In accordance with the requirements specification the
of weight limitations, it is necessary to ensure the struc- device must remain operational after various mechanical
tural strength of devices and machinery in accordance effects. During the modelling quasi-static effects, impact

with the specification. loads specified in the form of a shock spectrum and ran-
Thus, the purpose of this work is to analyze the design ~ dom and sinusoidal vibrations were used.
of the device for resistance to external mechanical effects. Modal Analysis. The eigenfrequencies, forms (modes)

The analysis extends to the automation unit (AB). of vibrations of the AB model (fig. 4-6) and the resulting
Mechanical loads are defined according to the specifica- coefficient of mass participation are determined by the
tions. The analysis was carried out by means of the modal analysis (fig. 7).

SolidWorks software [14; 15]. Modelling of quasi-static effect and sinusoidal vi-
The design of the automation unit (AB). According  bration. Border conditions:
to the dimensional outline the AB has dimensions — all elements of the model have a global contact with
340%200x200 mm and weight (6.7 + 0.2) kg. one another;
The automation unit is structurally composed of four — the effect of gravity (acceleration of gravity) is taken
unified bases of the torque control channels (TCC) and into account;
a filter located on the upper surface of the TCC, tightened — type of material model — linear, elastic, isotropic;
at the corners by pins. The cases of the TCC are made — the device is rigidly fixed over the entire surface of
of the alloy MA2-1 State Standard 21990-76 and have the mounting feet;
a wall thickness of 2 mm and a base of 3 mm. On each of — the impact is applied to the base of the model con-

the four bases, PCBs of glass fiber textolite STF-2-35-OS  secutively in each of the three mutually perpendicular
technical specification TU 16-503.161-83 are pressed. directions.
The side surfaces of the AB are covered with covers of The natural frequencies of the AB model, obtained as
the alloy MA2-1 State Standard 21990-76 with the thick-  a result of the modal analysis, exceed 150 Hz. Therefore,
ness of 3 mm. To mount the device on its body on both  the calculation of sinusoidal vibration can be replaced by
sides there are six mounting feet. calculation for a quasi-static effect, since the stress arising
Finite element model of the device. The modelling in the elements of the model under the effect of a sinusoidal
process begins with the creation of a geometric model of  vibration will correspond to the stress under quasi-static
the AB (fig. 1), performed in accordance with the set of loads.
design documentation. In the model there are no elements In the case of quasi-static effect on the AB model, the
that lack the effect of strengthening of the structure, but maximum stress appears in the bases of the TCC (tab. 2).
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As a result of the calculation, the values of the maximum  the three mutually perpendicular directions were obtained.
stress and displacements under the effect along each of

Fig. 1. Geometrical model of automation block (AB)

Puc. 1. I'eomerpuueckas mogens bA

Fig. 2. A grid on geometrical model AB

Puc. 2. Cetka Ha reomerpudeckoil mogenu bA

Fig. 3. Jacobian distribution

Puc. 3. Dnropa sikoOuaHa
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Physical-mechanical characteristics of used materials

Table 1

Material parameter

Parameter value

Steel 10 short-

Magnesium alloy

Glass textolite,

time strength, MA2-1, Aluminum alloy AMg6 2, STF-2-35-0S
State Standard State Standard State Standard 21631-76 technical specification
1050-88 21990-76 TU 16-503.161-83
Density kg/m’ 7 856 1790 2 640 1700
Elastic modulus MPa 186 000 41 160 69 500 21 000
Poisson’s ratio 0.3 0.33 0.33 0.15
Tensile yield strength,
MPa (kgf/mm?) 205 (20.9) 137.3 (14) 147 (15) -
Ultimate strength, MPa 333 (34) 245.25 (25) 294 (30) 300 (30.6)

(kgf/mm?)

Fig. 4. First form of oscillations of model AB on frequency of 286 Hz

Puc. 4. IlepBas hopma konebanuii Mmogenu bA Ha gactrore 286 I'ig

Fig. 5. Second form of oscillations of model AB on frequency of 316 Hz

Puc. 5. Bropas ¢popma xonebanuit moxenu BA Ha gactote 316 I'ry
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Fig. 6. Third form of oscillations of model AB on frequency of 362 Hz

Puc. 6. Tpetps popma xonebanuit momenu BA Ha wactore 362 '

100 —

80 —
[} 7 3
=
T
o
3 60—
T
=
o
o
(5] -
Lih]
o
I
=
o 40 —
0
o
o
C -

20 —|

0

\ T I T I I T I
400 800 1200 1600 2000
Yacrora, 'y

Fig. 7. Result factor of mass participation:
I — mass participation in a direction of OZ axis; 2 — mass
participation in a direction of OY axis; 3 — mass participation
in a direction of OX axis

Puc. 7. Pesynbrupyromiuii K03(hGHIHESHT MacCOBOTO yJacTHsI:

1 — maccoBoe yuactue B HanpaBieHnd ocu OZ; 2 — MaccoBoe

yuactue B HampasieHuun ocu OY; 3 — maccoBoe ydacTue
B HampasieHu ocu OX

Table 2
Values of maximum stress and displacements OX, OY, OZ axes at quasi-static load
Direction of effect The maximum stress, MPa The maximum displacement, mm
Along OX axis 9.7 0.012
Along OY axis 7.3 0.063
Along OZ axis 15.9 0.072

The load factor of 1 elements of the AB model is cal-  where o, is the yield strength of the material, MPa;

culated by the formula Gyon Mises 18 the calculated value of the stress according
o to Mises, MPa.
n=——-—21, (1 For principal stresses 6;, 6,, 03, the Mises stress is
O von Mises expressed as
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+(61—G3)2

_\/(Gl —62)2 +(o, —03)2
cjvonMiscs -

2

The minimum load factor in the base of the TCC
along the OZ axis is N =38.6.

Stress and displacement distributions in the AB model
under the effect of quasi-static accelerations along three
mutually perpendicular axes are obtained (fig. 8-13). The
maximum stress along the OZ axis occurs at the base
of the TCC.

Modelling of the effect of random vibration. Border
conditions:

— all elements of the model have a global contact with
one another;

— damping in the model is 2 % of the critical;

— type of material model — linear, elastic, isotropic;

—the device is rigidly fixed over the entire surface
of the mounting feet;

—the impact is applied to the base of the AB model
consecutively in each of the three mutually perpendicular
directions.

The maximum stress occurs at the base of the TCC at
random vibration in the direction of the OX axis (tab. 3).
The values of the maximum stress, accelerations and
displacements at the level o under the effect along each of
the three mutually perpendicular directions are obtained.

The damping factor with respect to the critical damp-
ing was assumed to be 0.02. The finite element model
of the device is presented in Section 2.

The minimum load factor in the base of the TCC
along the OZ axis at the level 30, calculated by the for-
mula (1), ism = 1.39.

Forms and values of accelerations, displacements and
stress in the AB model at the effect of random vibration in
the direction of the axes in accordance with tab. 3 are
shown in fig. 14-22. In some drawings several elements
of the design are hidden for the better visualization of
maximum accelerations, displacements and stress.

Fig. 8. Distribution of stress in AB model
at quasi-static load along OX axis

Puc. 8. Pacnipenenenue HanpsokeHui B Moaenu bA
IIPY KBA3UCTaTHYECKOM BO3AEHCTBUY 110 ocu OX

Fig. 9. Distribution of stress in AB model
at quasi-static load along OY axis

Puc. 9. PactipenenceHue HanpsbkeHuid B Moaenu bA
IIPU KBa3UCTAaTUUECKOM Bo3zelcTBIH 110 ocu OY
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Fig. 10. Distribution of stress in AB model
at quasi-static load along OZ axis

Puc. 10. Pacnipenenenne HampspxeHuit B Mogenu bA
IIPU KBAa3UCTAaTUUECKOM BO3ZEHCTBHH 110 ocu OZ

Fig. 11. Distribution of displacement in AB model
at quasi-static load along OX axis

Puc. 11. Pacnpenenenue nepemerieHunii B mogenu bA
IIPY KBA3UCTaTHYECKOM BO3AEHCTBUY 110 ocu OX

Fig. 12. Distribution of displacement in AB model
at quasi-static load along OY axis

Puc. 12. Pactnpenenenue nepemerieHnii B moaenu bA
IIpU KBA3UCTATHYECKOM Bo3aelcTBuU 110 ocu OY
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o

Fig. 13. Distribution of displacement in AB model
at quasi-static load along OZ axis

Puc. 13. Pacpenenenue nepemerieHuii B Mmoaenu bA
IIPU KBAa3UCTAaTUUECKOM BO3ZEHCTBHH 110 ocu OZ

Table 3
Values of maximum stress, displacements and accelerations along OX, OY, OZ axes at effect of random vibration
Direction of impact The maximum stress, MPa | The maximum displacement, mm | The maximum acceleration, g
Along OX axis 29.8 0.006 10.98
Along OY axis 5.66 0.177 72.09
Along OZ axis 32.9 0.135 56.05

=
Fig. 14. Distribution of accelerations in AB model

at effect of random vibration along OX axis

Puc. 14. Pacnpenenenue yckopenuii B Mozenu bA
IIpY BO3JCHCTBUM cilyyaiiHoi BuOpariu o ocu OX

Fig. 15. Distribution of displacements in AB model
at effect of random vibration along OX axis

Puc. 15. Pacnpenenenus nepemerienuii B moaenu bA
IIpY BO3JCHCTBUM cilyyaiiHoi BuOpariu o ocu OX
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Fig. 16. Distribution of the stress in AB model
at effect of random vibration along OX axis

Puc. 16. Pacnpenenenue HanpsbxeHuil B mogenu bA
IIpY BO3JCHCTBUM CilyyaiiHoW BuOparuu o ocu OX

anEnig)

Fig. 17. Distribution of accelerations in AB model
at effect of random vibration along OY axis

Puc. 17. Pacupenenenue yckopenuii B Mozenu bA
IIPY BO3JICHCTBHY ClTy4yaiiHOH BHOpanuu 1o ocu OY

g L |

Fig. 18. Distribution of displacements in AB model
at effect of random vibration along OY axis

Puc. 18. Pacupenenenue nepemerienuii B moaenu bA
IIPU BO3JICHCTBHY CITydaifHOH BHOpanuu 1o ocu OY
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Fig. 19. Distribution of the stress in AB model
at effect of random vibration along OY axis

Puc. 19. Pacnpenenenue HanpsoxeHuit B mogenu bA
IIpU BO3JEHCTBUM ClTydyaifHol Bubpauuu o ocu OY

Fig. 20. Distribution of accelerations in AB model
at effect of random vibration along OZ axis

Puc. 20. Pacnpenenenue yckopenuii B Mozenu bA
IIpY BO3/ICHCTBHY CITydaifHOH BHOpanuu 1o ocu OZ

Fig. 21. Distribution of displacements in AB model
at effect of random vibration along OZ axis

Puc. 21. Pactipenenenue nepemenenuii B mosenu bA
TIIpY BO3/ICHCTBHH CITydaitHOH BHOpanuu 1o ocu OZ
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Fig. 22. Distribution of stress in AB model
at effect of random vibration along OZ axis

Puc. 22. Pactnipenenenue HampspkeHuit B Mogenu bA
MIpH BO3JICHCTBUH ClTydaifHO# BUOpanuu mo ocu OZ

To predict the fatigue strength of the AB at given lev-
els of effect of broadband random vibration, the predicted
service life of the device can be determined from the for-
mula

Ty

- B 2
FO(G/GH)m’ @

where Tp is the number of loading cycles; Fj is the lower
resonance frequency of the structure, Hz; ¢ is the maxi-
mum stress at the effect of broadband random vibration,
MPa; oy is the fatigue strength endurance of the material,
MPa; m is the index of the slope of the fatigue curve of
the material.

For the bases of the TCC, the following parameters
[16] were applied in the calculation: Ty 1-107 s;
Fy,=286.6 Hz; m =9.55. Steel MA2-1 has the following
characteristics: 6 =32.915 MPa; o5 = 100 MPa.

Substituting the values of the parameters in formula
(2), we get the predicted service life of the device
T=1410"s.

Modelling of the shock action. Modelling of the
shock action on the AB, given in the form of an ampli-
tude-frequency spectrum according to tab. 4, is carried out
separately along each of the three mutually perpendicular
axes: OX, OY, OZ (fig. 23-31).

Border conditions:

— all elements of the model have a global contact with
one another;

— damping in the model is 2 % of the critical;

— type of material model — linear, elastic, isotropic;

— the device is rigidly fixed over the entire surface of
the base;

—the impact in the form of a frequency spectrum is
applied to the base of the AB consecutively in each of the
three mutually perpendicular directions.

The maximum stress at the effect on the OZ axis oc-
curs at the base of the TCC.

92

The most loaded element of the AB model is the base
of the TCC at shock action along the OZ axis. The load
factor of the side plate is 1 =1.25.

Conclusion. The results of the analysis showed the
following:

—the calculated minimum eigenfrequency of the AB
model is fy; = 286.6 Hz, which meets the requirements of
the technical specifications;

— the minimum load factor at quasi-static action and
sinusoidal vibration is 8.64 in the direction of the OZ axis;

— the minimum load factor at random vibration is 1.39
in the direction of the OZ axis;

—the maximum accelerations at random vibration
along the OX, OY, OZ axes at the level of 3o are 32.94g,
216.27g and 168.14g respectively;

— the minimum load factor at shock action along the
0OZ axis is 1.25;

— the maximum displacements at shock action along
the OX, OY, OZ axes are 0.213, 0.56 and 0.76 mm respec-
tively;

— the maximum accelerations at shock action along the
OX, OY, OZ axes are 158.51g, 247.53g and 297.55g
respectively.

The most critical types of loading are impact in the
direction of the OZ axis and the impact of random
vibration in the direction of the OZ axis. At the same
time, the load factor in the base of the TCC is 1.25 and
1.39 respectively.

Based on the results of the analysis, locations for the
installation of vibration-survey converters have been deter-
mined to measure the changes in the amplitude-frequency
characteristics of the AB before and after the dynamic
effects. When carrying out mechanical tests, the vibra-
tion-survey converters are installed on the side cover of
the TCC, on the side of the base of the TCC located in the
middle of the device (fig. 32), and on the upper part of the
base of the TCC between the connectors at points /, 2 and 3.

Thus, the analysis has shown that the design of the AB
model meets the requirements of the technical specifica-
tions for resistance to external mechanical effects.
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Table 4

Values of maximum stress, displacements and accelerations along OX, OY, OZ axes at shock action

Direction of impact

The maximum stress,

Safety factor, 1

The maximum

The maximum

MPa displacement, mm acceleration, g
Along OX axis 29.222 4.7 0.213 158.512
Along OY axis 79.083 1.74 0.555 247.531
Along OZ axis 109.84 1.25 0.758 297.549

Fig. 23. Distribution of stress in AB model
at shock action along OX axis

Puc. 23. Pacnpenenenue HanpsbkeHui B Moenu BA
IIpY yJapHOM Bo3aeicTBuu 110 ocu OX

won Mises (N/mm*2 (MPa))

29222
l 26787
L 24351
_ 21916
o 18481
_ 1TodE
L 14611
L 12,176

L 974

Fig. 24. Distribution of stress in AB model
at shock action along OY axis

Puc. 24. Pacnipenenenue HanpspxeHuit B mogenu bA
MIpU yOapHOM BO3AeHCTBUH 110 ocu OY
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wan Mises (N/mmA2 (MPa))
108841
N
| 91534
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Fig. 25. Distribution of stress in AB model
at shock action along OZ axis

Puc. 25. Pacnpenenenue HanpsbxeHuil B mogenu bA
IIpU YAApHOM Bo3AeicTBUH 110 ocu OZ

Fig. 26. Distribution of displacements in AB model
at shock action along OX axis

Puc. 26. Pactipenenenue nepemenenuii B mojenu bA
IIpU yJapHOM Bo3zaelcTBuu 110 ocu OX

Fig. 27. Distribution of displacements in AB model
at shock action along OY axis

Puc. 27. Pacnpenenenue nepemerieHnid B Mmoaenu bA
MIpU yIapHOM Bo3zaeicTBUH 110 ocu OY
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Fig. 28. Distribution of displacements in AB model
at shock action along OZ axis

Puc. 28. Pactipenenenne nepememeHnii B Mmogenu bA
TIpH yIapHOM BO3AeUCTBHHU IO ocu OZ
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Fig. 29. Distribution of accelerations in AB model
at shock action along OX axis

Puc. 29. Pactipenenenne yckopenuii B mogenu BA
IIpU yJapHOM Bo3zaeicTBuu 1o ocu OX

Fig. 30. Distribution of accelerations in AB model
at shock action along OY axis

Puc. 30. Pacnipenenenue yckopenuii B mogenu BA
IIpU yOapHOM BO3AeHCTBUH 110 ocu OY
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Fig. 31. Distribution of accelerations in AB model
at shock action along OZ axis

Puc. 31. Pacnpenenenue yckopenuii B mozenu BA
IIpU yIapHOM Bo3JelcTBUH I0 ocu OZ

Fig. 32. Installation location
of vibration-survey converters on AB

Puc. 32. Mecra ycTaHOBKU
BHOPOM3MEPHUTEINIBHBIX peoOpa3zoBateseil Ha BA
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