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PROSPECTIVE LINES OF DEVELOPMENT OF VIBRATION -

Tlnasbl pa3sBUTUS [PEJNPYATHS HANpaBlIeHBl Ha COBEPLICHCTBOBAHHE
paciIMpeHne HOMEHKIIATYPbl BHODOM3MEPHTENBHOMN annapaTyphl. MEASURING EQUIPMENT
INepcneKTHBHBIME HaNpaB/ICHHSMH SBIISIOTCS: Kirpichev A.A.
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paspaboTKa IpENBapHTENBHBIX YCHIHTENEH, BCTPaHBAEMBIX B JIaTYHMKH, GlobalTest LLC, Sarov, Russia

HHTErpajbHOM HMCHOJHEHHH. Ha HX OCHOBE MOSBHUTCA BO3MOXKHOCTE ! B _ > ) : et : . 7

% 3 The comparative analysis of the main technical characteristics of piezoelectric sensing
AaJIPHEHLIEr0 COBEPIICHCTBOBAHUA KOHCTPYKIHM M yJydIICHHS TEXHHIECK 4 wiveleration devices of the major foreign companies and LLC GlobalTest is presented in the article.
XapaKTEPHCTHK AaTYMKOB: rabapuTHO-MACCOBBIX, aMILIMTYJHOIO M 4aCTOTHOIX - Avvording to the results of the analysis, the prospective lines of development of vibration-
IMANA30HA, HATEXHOCTH; Weasuring equipment were determined.

pa3paboTka BBICOKOYYBCTBHTEJNBHBIX BHOpOnpeoOpaszoBarenedl aKkTHBHE X
BHOPO3AIMTHBIX YCTPOMCTB JUIA TEXHOJOTHYECKOro 0o60pynOBaHHS,
KOCMHYECKHX allllapaToB M TPAHCIIOPTHBIX CPEACTB;

paspaboTKa aBTOHOMHBIX HM3MEDUTEIBHBIX KOMIUIEKCOB ULl KOHTPOJIS
TEXHUYECKOI'O COCTOSHHUS 3IAHHH H COODYXEHHH C paJHOKaHaIOM Hepenads
pe3ybTaTOB M3MeEpeHMi B peanrbHoM Macmtabe BpeMeHu. Takue mpuGopbl
BOCTpEOOBaHbl CTPOMTENBHBIMH M  3KCIUTyaTHPYIOIUMMH  OpPTraHM3aUuMsIMH,
HaJ30PHBIMH OPraHaMH M CTPaXOBBIMH CJTyxk0aMu; '
pa3paboTKa  BBICOKOTEMIIEPATYPHBIX  IBbE303JICKTPHYECKAX  IEPBHYHBIX
npeobpasosarenei no 1000°C (BuGponpeobpasoBarenel, 1aTYHKOB NaBJICHHSA,
CHJIBI M AKyCTHYECKOM OMMCCHH), HEOOXOMUMBIX U1 KOHTPOJS COCTOSHHS
0060pyIOBaHUs B FHEPreTHKE, METALTYPruM, He TeXUMHUH M T 1.

Keywords: piezoelectric sensing device, acceleration, vibration transducer,
nvcelerometer, preamplifier.

YJIK: 629.5.03-8.001.18

IKCIIEPEMEHTAJIbHAS ITPOBEPKA 3AIIACA
PABOTOCIIOCOBHOCTH NIOAIHUITHUKOB

Kupnuuée AA., kmH.

O6wecmeo ¢ 02paHU4eHHOU OMeemCcmeeHHOCMbIO

Jlumepamypa 000 "TnobanTecm"

B pabome npedcmaenenvt peynomamoi IKCNEPUMEHMATbHO20 PAZPYUEHUA
NOOWUNHUKO8, C  UCNONb308AHUEM  ( O ayuonnozo  AP7000,
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nymem  obpabomxu  uMepumenvHou  uHopMayuu ¢ NePeUUHbIX
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[TOAIMNHUKA  SIBJSIIOTCS.  CaMBIMH  PACIPOCTPaHEHHBIMM M Haubonee
YA3BUMBIMH  3JIEMEHTaMH JIIOOOr0  pOTOPHOrO  MexaHu3Ma. [lomMNHUKH
OCYLIECTBAAIOT ~ MPOCTPAHCTBEHHYIO (HKCALMIO BPALIAIOLIMXCA  POTOPOB M
NOCIPHHHMAIOT ~OCHOBHYIO 4YacTh CTarTHY€CKHX M JMHAMMYECKHX YCHJIHH,
NO3JHHKAIOIMX B MeXaHH3Me. [103TOMy TeXHHMYECKOE COCTOSHHE MOMILMITHUKOB
AWISETCS  BAXHEHINIEH COCTaBISIOLIECH, onpeaensiomed paboTocnocoOHOCTH
McxaHu3Ma B nenoM. Llensio skcrnepHMeHTa OBUIO BbIBEIEHHE MOILIMIHUKOB
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3 Hayuyno-npakvtuuecckaasn KoHbDepeHUYHUN
«KAXKTyanbHee npobnemu npubopoct

oe 1
MHPOPMATUKHU u £ 5 i

Hayuno-npakTuueckan koHbpepeHuUuHUS:
yAktTyanbHse npobnewmus npubopocTpoeH#HaA,

COUMANBLHO-I KOHOMMUUYECKMDX “‘ ‘I'lNlTMKUIMCOHHEHBHO-)KOMOMHHQCKHX Hay«Ky

CKOJIBXKCHHA M Ka4eHHA M3 CTPOs (W1 MOCHEAYIOUIEr0 MPOTHO3UPO
OCTaTOYHONO pecypca) IYTeM MCKYCCTBEHHOTO HAHECEHHS nede
BEJIMYMHBI, YTOOBI MOAUIMITHUKA OCTABAIMUCH paboTOCIIOCOOHBIMH H B T0;
3TH e(EKTHI UMENTH BO3MOXHOCTH Pa3BHTHA B npouecce pabotsl crenya. B |
CTaTbe pacCMOTPEHO paspyieHHe noamuneuka kavenus (1K), s u
HCIIOJIB30BAICA CTEH MMHTaUMOHHEIH, AP7000 (pucysoxk 1) [1].

\¢ pHeceHus nedekTa Ha TMOBEPXHOCTH Kad€HHsA HApPYXHOro KOJbLA
Jll cnapkoii GblTa chenaHa pakoBHHA), HA CIEKTPE SBHO CTalla BbUIENATHCS

fipuMepHo B 764111 M €€ TapMOHHMKH, CPE/IHHH ypOBEHb BUOpanuu BO3poc
Il (pucyHok 4).

Onopa 1

Puc.4. Cnexmp 0eghexmH020 ROOUUNHUKA KAYEHUA

[0 reopuu [3], oTa yactota JOMmkHA ObITh paBHA YaCTOTE NEPEKATHIBAHHA TCI
Wi 110 HapyXHOMy KOJNbIY JUIA JAHHOTO MOMUMNHMKA, T.C. fy. UTOObI
W1Th JAHHOE YTBEpXK/IEHHE, ObUT MPOM3BENEH pacuer ocHOBHBIX vacTtor TIK.
WLIBECTH OCHOBHBIE YacTOTBI, HYXHO 3HaTh OCHOBHBIE I€OMETPHUYECKHE
Ophl IOAUMIHAKA. WX JIErko H3MEPHTE € MOMOIIBIO H3MEPHTENBHBIX npuGOpOB.
M 3aKIIOYANAch TOJBKO B H3MEPEHMH IMaMerpa Tena kadeHus (drx),
pas pennacs mytem paspesanus [TK Ha JBe 4acTH. Teneps, 3Hasi, OCHOBHbIE
gIpuueckue pasMepbl TOMIIMIHKKA U 3HAs, YTO Bajl Bpawlaercs ¢ YacTOTOH
1, MOYHO BBIYHCIIMTB OCHOBHBIE YacToThl TK:
 \ACTOTA BPALLEHHA NOABHXHOTO KOJIbla OTHOCHTENFHO HEMOJABHXKHOIO:

Jep=30I"Lg;

“acTOTa BpAIICHH cenaparopa OTHOCHTEJIbHO Hapy>XHOr0 KOJIbla:

Puc.1. Cmeno umumayuonnviii AP7000

Oxcnepument npoeomuics Ha IIK Tuma DPI 6201RS (pHCyHOK
YCTaHOBJICHHBIM B TEPBYIO ONOPY CTEHAA. :

Puc.2. a. Hosblii nodwunuuxk xavenus,
6. eviueowii us cmpos noduunHux xavenus Jfe= L Sor (1= I cosa )=10.9Ty
CnexTpansHelii  aHanus 1 | A - -
POBOIMJICS C MOMOIIBIO  anma )
nporpamMmHoOro obecneyenns [2]. e
B ucxomHoM cocrosmuM, Ha wacto
A te 30 Iy, BEHb BHO)|
NpHOIM3ATENBHO paBeH 65 AB (pucyHok 3). i g
s

1
(¢ d,, - nMamerp Teja KaueHus; dc zE-(d,, -d,) - nMamerp cemaparopa; dy —

JAMAMETP HApYXHOTO KOJIBLIA, dB - IMaMeTp BHYTPEHHETO KOJibla; a - YroJji KOHTaKTa
101 W JIOPOXKEK KaYCHH S,

4acToTa NepeKaThiBaHUs TEN Ka4CHUA 110 HApY>XHOMY KOJIbILY:

Ju=7 S '(l—%l-cosa)-z=76.41‘u,
c

N | —

11¢ 2 = YUCIIO TSI KQ4E€HH;
4yacToTa NepeKaTbiBaHKs TeJl Ka4eHus 1o BHYTPCHHEMY KOJIbIY:

Puc.3. Cnexmp 106020 nodwunnuxa xavenus
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Hay4udHo-npakTunuyueckasns koHpepeHUMNSA
yAsrTyansHbe npobnembn npubopocTpoeHnas,
|‘.pu|ruxuucouuanbuo—alononuuecxux HayKy

HayuyuHo-npakTuyeckasn kKoHpepeHUNA
«“AxTyanseuse npobnems npubopocTpoeunna,
MHPOPMATMUKMU UM COULMUANLHO-3I KOHOMMUYECKUX HAY

1 o 17 111
f"=5'fap'(1+T'60sa)-2=133-6fv. i o
d 19 112,9
9aCTOTa BPAIUEHHA TeJla KAYEHHs OTHOCHTEIBHO IOBEPXHOCTH KOMEIL: 2(1) 111;‘:’7
) 22 118,7

1 d. d
=oipr ol n g One e e
e 2 e 14 ( 2 cos“ a)=5091y.

(o4
~ LUleAyIOMM  3TaloM  3KCIIepHMeHTa ObL1 NPOrHo3  paboTocnocoGHOCTH

Kak BanHo w3 pacueroB, uacrora 76.4I'n  cooTBETCTBYET Wiuka, M3secren yposenb BHOpamuu, npu kotopoMm IIK Beimen u3s crpos,
TNepeKaThIBaHUs TeJl KAYEHHS N0 HApyXKHOMY KOJbILY, a NPUCYTCTBHE €€ rap Y MOXHO CNPOTHO3MPOBATH €r0 OCTaTOYHBIH Ppecypc M CpaBHHTb C
(pucyHOK 4) rOBOpHT O IHArHOCTHYECKOM IIPH3HAKE Aff;, UTO COOTBETCTBYET JI¢ SUMMCHTAIBHBIMA  IaHHBIMH. JUIA  3TOTO  MCHOJb30Balach  Mporpamma
«pakOBHHA Ha HapyXHOM KojbLe». JIaHHYIO OMNEpalMIO  COBPE Woaiposanus  «[IpOrHO3HPOBaHHE CPOKOB  TEXHHYECKOTO — OOCITY»HMBaHHS
JIMarHOCTHYECKUE NPUOOPHI PEMIAIOT B aBTOMATHYECKOM PEXHUME. 310 uepretuyeckoro obopynopanus» [4]. Ilporpamma mnpeanashnaueHa s

Kaxaple TpM uaca CHHMANMCh NOKA3aHWS CIEKTPa BHOpAHH B 0C IHPOBAHKS TEXHUYECKOTO COCTOSHHS JJIEMEHTOB CYyJOBOH JHEPreTH4eCKOM
FOPH30HTAJILHOM M BEPTHKAILHOM HaNpaBjieHUAX. UTOObI NOIKIHUK pa6o UIKH 110 KOHTPOJNIMPYEMOMY HapaMeTpy OXHOMepHoro obbekra. Ilporpamma
Harpysxoi, C OMOLIBIO YCTpoHCTBa M3rHOa, BaJl Gblil MAKCHMATLHO H30THYT, & WINET CIIPOTHO3HPOBATh MOMEHT BBIXOJA MapameTpa Ha JOMyCTHMbIA ypOBEHb
MaxOBUKa ObLIM BBEPHYTHI GalaHCHPOBOYHBIE IPy3bl [JIsi MPHAAHMA AUCHAI WIBCCTHOMY —JOMYCTHMOMY 3HAQYEHHIO KOHTPOJIMPYEMOrO Tapamerpa u
Yepes 66 yacos I1K Beimen u3 cTpost. [10ABMIMCH HEAOMYCTHMBIE I HOpMaJl WUMNTATL  BpeMsl YOPEXACHHS MOMEHTa TEXHHMYECKOrO OOCIyXHBaHHS [0
pabotel moQThI, NOBpeaMiCA cemaparop (pUCyHOK 26). ITO MOXHO CYH IIIMENTY, CIIPOTHO3MPOBATh 3HAYEHHE KOHTPOJHPYEMOTO NapameTpa B KakKoii-
BbiBog I1K u3 crpos. ‘ Wiyl KOHKPETHBIH MOMEHT BpeMeHH. Taioke npv HeoOXOAWMOCTH mporpamMma

Takum 006pa3oM, B KOHILE M3MEDEHHMil HAKOMWIOCH 22 NOKAa3aHUS MO 1 |WIHIO/IHT KOPPEKTHPOBKY NPOTHO3a.

HanpapieHHsM. CaMbIM AHAarHOCTONPHIOAHBLIM M OYEBHAHBIM SBIAETCS O Ia pucynke 5 npexcrasieH rpaduk H3MeHeHHs ypoBHs BuGpauuu [IK Ha

HamnpaBjieHHue M3MepeHHs BUOpauuu. VICXons M3 3TOro, mogyuuics CIEAyl) J1¢ [IepeKaThIBAHUA TeJI KAYEHHS [0 HApyXHOMY KOJIbLLY.
BPEMEHHOH pAl, Npe/ICTaBIeHHbIH B Tabnuue 1. g v.a6
i " e
Ta6a n v
Homep B;'gonenb N o =
H3MepeHHs zsalmﬂ, , e -
i 1052 S
2 105 w
3 1055
4 105:7 * 1234567 89N EBUB WL
2 lfgg4 6 B 125 s 2L 42230513635 4245 18 8 4 sTee 6t se BV
; :%g Puc.5. I'pagux usmenenus ypoeus subpayuu IK
190 :gg K 22-oMy wu3Mepenmio ypoBeHb BuOpammu ITK Bbimen 3a JONYCTHMBIH
11 1071 ~ yponenb. MOxHO i ObLIO CIIPOrHO3KWPOBATH BPEMS BHIXO/Ia MOAIMITHUKA H3 crposi?
12 108 [lepsbie 14 M3MepeHuit MEPEHOCATCA B MPOrpamMMy. Pe3ysbTaTsl pacyera, € y4eToM
13 108,5 HONPABKM  MapaMeTpa TpeHJa, ONTHMHM3MpYs €I0, HCHOJIb3YyA SHTPOMHUHHYIO M
14 1082 H1HOCHTENBHYIO NPUBEICHHYIO NIOIPEIHOCTH, MOKa3a/IH, YTO KOHTPOJIMpYEMBIH NIapamMeTp
12 :(l)g; JIOCTHIHET JIOMyCTHMOTO YPOBHS B MOMEHT BpeMenu 721,85, T.e. Ha 22-OM H3MEpEHHH,
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Mockoeckuti zocydapcmeeHHbill yHusepcumem
npubopocmpoeHus u uHgpopmamurxu

Onucano  npozpammHo-annapamnoe  obecneuenue  8UXPemMOK0BOU
yemanosku "BO30H" 0ns koMniekcHo20 KOHMPOnA Kayecmaa ceepxnpogoosaujett

nposonoku. C  nomowpwlo  paspabomar npozp: )-anNNapamnozo
obecneyeHus  OCYwecmensiemcs — Kanubposka YcmaHoeKku, omobpaxceHue

Pe3ynsmamos KOHMPONA @ PeAnbHOM 6PEMEHRY U 661600 CIMAMUCMUYECKUX OAHHbIX
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WIHOBPEMEHHBIM H3MEPEHHEM OTHOIIEHHMs "Mean/He Menp"

«WKACKAl» MI'VIIH pa3paborana BuxperokoBas ycranoska «bO30OH», B xoTopoii
nbpabotka uHGOpPMAUMH H ee MpeacTaBieHHe ocymecTsisercs ¢ nomowsio K.
YeranoBka «BO3OH»  cOCTOMT W3  H3MEPUTENbHOH 4acTH, BKJIIOYAIOIIEH
IHXpetokoBbii mpeobpasosarens (BTIT) u anextpounsiif 6nok (3B), a Taike u3
liporpaMMHO-anIapaTHoro obecneyenus, smoydaomero ALT U npusoa noxayu ¢
norukoM nyta (JI1). UsmepurtensHas wacts ycraHoBku «BO3OH» onucana B
pabore [1]. JlaHHas craThs NOCBSIIEHa pa3pabOTaHHOMY JUI HEE IPOrPaMMHO-

P Z?d yewmp CII6I'MTY, 2003.-160c.
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HE S [IpuBOJ MOAAYM MPOBOJIOKH COCTOMT K3 KapKaca ¢ YKpeIUIeHHbIMH 600HHaMH,

EXPERRIME
PERF. g&;léRFICATION OF THE SAFETY 0J/IHa H3 KOTOPbIX CBOOOZHO BpaIaeTcsi BOKPYT CBOEH OCH, a BTOpas — IPHBOAUTCA B
E OF BEARINGS JIBHKEHHE DJIEKTPUYECKHM AaCHHXPOHHBIM JIBHFarTe€lleM C MHOTOCTYNEHYAThIM
Kirpichev 4.4., research engineer penykropoM. Mesxry kaTylnikaMH pacrniosIOKEHbI HaNpapiflolue U3 GTopornnacta u

GlobalTest LLC, Sarov, Russia BTII (puc.1-a,6).

Bearings are the most wide,
Bearings shail ) oSt widespread and most vulnerable elei ]
mecha,ﬁi-,,, ‘77;[;3&‘::2 f';';'e"g’ roifzr: (Imd accept most of the static a,’,nde ;fn:{n 'I’g rotary mechanism,
2 kg ‘ecnnical conditi, ; I 4 orces arising in the
working capacity of the whole mechanism[ﬂmn o bearings is the major component detegninmth; 1

Keywords: vibration, bearing, residual lifetime,
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