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AHHOTALUA

B pesynbrare cOopa B TeUeHHE JUTUTEIBHOTO IEPUOJIa BPEMEHU IaHHBIX OT
BUOPOJATUYUKOB, YCTAHOBJICHHBIX HA MHOXKECTBE OJTHOTHITHBIX YCTPOUCTB, MOIYYaeTCs
0onbIION 00BbEM MaHHBIX JIs aHaln3a. TIIaTensHO MpOBeIeHHas 00paboTKa ATHX
JTAHHBIX CO3JIaeT MPEATNOCHUIKM JUIS BBISBICHUS TEXHUYCCKUX MPOOJIIEM Ha paHHEH
CTaJIMM ¥ TIPHHSITHS OTICPATUBHBIX MEP MO WX YCTPAHCHHIO. PacCMOTpEHBI mpuMephI
00pabOTKH JaHHBIX CHCTEM BUOPOMOHUTOPHUHTA.
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Abstract

As a result of collecting over a long period of time data from vibration sensors,
installed on a plurality of similar devices, It obtained a large amount of data for analy-
sis. Carefully conducted by processing these data, a prerequisite for the identification
of technical problems at an early stage and operational measures to address them. Ex-
amples of data processing systems, vibration monitoring.
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BBenenue

[Ipu pemeHun 3a1a4d OIEHKH TEXHUYECKOI'O0 COCTOSIHUSI MEXaHU3MOB U ar-
peraToB ¢ BpaliaTeIbHbIM JIBUKCHUEM, TTapaMeTphl BUOPAIIUU SIBIISIFOTCS OHU-
MU U3 BakHeumux. [Ipuuem, npu IauTeI-HOM 0€30CTAaHOBOYHOM (PYHKIIMOHU-
POBaHMHM TEXHUYECKOTO OO0BEKTa TpeOyeTcs HENMpEephIBHOEC HAOIIOJCHUE WM
CJIC’)KEHHE 32 U3MEHEHUEM €ro BUOpPAIMOHHBIX apaMeTpoB [1].

CranmaptamMu onpeiesieHbl MpaBuia MPOBEACHUS HEMPEPHIBHOTO KOHTPOJIS
¥ MOHUTOPHWHTAa BUOPAIIMOHHOTO COCTOSIHUS CJIOKHBIX M JOPOTOCTOSIINX arpe-
ratoB (QJIEKTPHUUECKHE TypOOTeHEpaTOphl, Ta30MepeKaunBaIONIUE YCTAaHOBKH,
KOMIIPECCOPHI U T. I1.) B XOJ€ UX dKCIUTyaTauuu [2—3]. Ins pemenus 3Tux 3a1a4
MPUMEHSIIOT MHOTOKAHAJIbHBIE CHUCTEMBI M KOMILJIEKChI, KOTOPBIE ONpPEIETSIOT,
OTOOPKAIOT U PETUCTPHUPYIOT HA KAKOM-TO HOCHTeNe MHPOPMAIMK 3HAUYCHUS
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napaMeTpoB BHOpalnu depe3 HeOoJbine (He 00j1ee HeCKOJBKUX CEKYHIT) Mpo-
MEXYTKH BPEMEHHU, a TAKKE BBITIOJHAIOT JOIYCKOBBIA KOHTPOJIb, PYHKIIUU CUT-
HaJIM3alWU U, B ONPEIEICHHBIX TPUMEHEHUSX, 3AIIUTHOIO OTKIt0UeHus [1, 4].

Cucrembl BHOpPAlMOHHOTO KOHTPOJISI M 3allUThI, MOCTPOCHHBIE Ha 0aze
KOMITBIOTEPHON TEXHUKH, MO3BOJSIIOT PEANM30BaTh pPa3HOOOpa3HbIe, KaK CTaH-
JApTHBIE TAK U CJIOKHBIE AJITOPUTMBI 3aIUTHI, OPUEHTUPOBAHHBIE HA KOHKPET-
HBIE TUIIBI 1e(DEKTOB U CUTyaluid. DTO, B CBOIO OUYepe/lb, MO3BOJIAET M30€XKATh
HEOOOCHOBAHHBIX (WIOXHAs TPEBOTA») CpabaThIBAHUI 3AIIUTHOTO OTKIIFOUCHUS
U HE JIONYCTUTh «IIPOITyCcKa Jie(eKTay.

PeanuzoBan u npomien anpobaiuio Ha psje TypOoarperatoB ajirOpuT™ 3a-
IIMTHOTO OTKJIIOYEHUS MO BUOpaIMU, B KOTOPOM YYHUTHIBAETCS HECKOJBKO (hak-
TOPOB:

— HU3KOYACTOTHAs COCTaBJIsAIONIasi BUOpaLy;

— 000pOTHBIE COCTABIIAIOLINE BUOpALNHY;

— BBICOKOYACTOTHAsI COCTABJIAIONIAsl BUOpaIUK.

Curnan Ha 3allUTHOE OTKJIOYEHUE KOHTPOJIUPYEMOIO0 MEXaHU3Ma BhIpada-
THIBAETCS B TOM CIlydae, €CJIM OH BhIPA0OTaH MO OJHOMY M3 YKa3aHHBIX KpUTE-
PHEB, WM 110 HECKOJIBKUM KPUTEPHUSAM OJHOBPEMEHHO [35].

B pesynbrare QyHKIMOHUPOBAHUS KOMITBIOTEPHBIX KOMILIEKCOB BUOpaIu-
OHHOTI'0 KOHTPOJISI I MOHUTOPUHIa HAKAIUIMBAIOTCA OOJIbIINE 0OBEMBI TAHHBIX,
coJiepKalux MHPOpMALMIO 00 U3MEHEHHH BO BPEMEHHM pa3JIMYHBIX BUOpaIu-
OHHBIX [TAPaMETPOB ISl BCEX TOYEK KOHTPOJA [6, 7]. OHM ITO3BOJISAIOT BBISIBUTH
U3MEHEHUE TEXHUYECKOTO0 COCTOSIHUSI KOHTPOJIUPYEMOTO 00bEKTA WU MPOBECTH
aHaJlu3 NPUYUH, IPUBEILUINX K HEUCIIPABHOCTU UJIM OTKazy obopynoBanus. Ho
0osee MOIHYI0 MH(POPMAIMIO 00 IKCILTyaTHPYEMbIX MEXaHU3Max COJAep)KaT He-
IpephIBHBIE BUOPALMOHHBIE CUTHANbBI, PErHCTPUPYEMble HA MPOTSHKEHUU JJIH-
TEJbHBIX BPEMEHHBIX MHTEPBaJIaX U B Pa3HbIX PEKUMax paOOTHI.

AHAJIU3 JJIMHHBIX Peajin3auuil BUOPAIMOHHBIX CUTHAJIOB

Pemenue 3a1aun MpoaKkTUBHOIO TEXHUYECKOTO OOCITY>KMBaHUSI MPOU3BO/I-
CTBEHHOTO 000pYJI0BaHUSA C OBICTPBIM pearupoBaHUEM TPEOYEeT HEMPEPHIBHOTO
CIIE)KEHHUS 3a BUOpalMeil ero y3joB M OOHAPYKEHHSI CaMbIX HE3HAUMUTEIbHBIX
U3MEHEHUI B BUOpPALMOHHBIX CUTHAJIAX, KOTOPbIE MOTYT OBITh MHIUKATOPOM
HaYyaJIbHOW CTaAUHU U3HOCA U J1e(DEKTOB.

Peructpanuio Takux BHOpPAIMOHHBIX CHUTHAJIOB MOXHO OCYIIECTBUTH HUC-
MOJIB3YSI U3MEPUTEIbHO-BBIUUCIUTENBHBIN KOMITIEKe « TemMOp-M» Ha 6aze Mo-
omnbHOTO KOMIbiOoTepa, Moayist ALl ¢ USB wuntepdeiicom, BuGpousmepu-
TEJbHBIX KAHAJIOB C MIEPBUYHBIMH MbE303JIEKTPUUECKUMHU MTPeoOpa3oBaTeIIMU U
poOJIEMHO-OPUEHTUPOBAHHOTO IIpOorpaMMHOro obOecrieueHust [8, 9]. Taxke
BBOJ U COXPAHEHHUE IJIUTENbHBIX BUOPAIMOHHBIX CUTHAJIOB IMPOU3BOJUTCS C
MOMOIIBIO CIIeUANIBHBIX cOopiuKoB-peructpaTopoB [10]. Ha puc. 1 mokasan
pUMEpP TaKOTO CUTHaja.
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Puc. 1. Micxoaublit BUOpaIlMOHHBIN CHUTHAJ B €IMHUIIAX BUOPOYCKOPECHUS

3areM BbINoNIHsAETCS LU(ppoBast 00pabOTKa 3aperuCTPUPOBAHHOIO CUTHAIA.
E€ 1nenpto MOXET ObITh BBISIBJIEHHE KAKUX-TO aHOMAJIbHBIX BCIUIECKOB WJIU SIB-
JeHui [7], Uiy BBIYKMCIICHUE OIpEACICHHBIX apaMeTpoB BUOpOCUTHAIA Yyepes
3aJlaHHbIE BPEMEHHBIE MHTEPBaJbl (IIOCTPOCHHE UX TPEHIIOB BO BpemeHM). Ta-
KHUMH TIapaMeTpaMH, HalpUMep, MOTYT OBIThb: aMIUIMTYZAbl CHEKTPAJIbHBIX CO-
CTaBISIOIIMX BUOpOCUTHAJIa Ha (UKCUPOBAHHBIX YacTOTax (Hampumep,
£,=25Tu, £,=50Tm, .., f.=2000 I'm); MOIIHOCTh WU CPEIHEE KBAJIpaTHUYEC-

ckoe 3Hauenue (CK3) BuOpauuu B mosoce 4actot f, + f, (MOXKET 3aJaBaTbCA

HECKOJIBKO TMOJIOC); MUK-(PaKTOp; IKCIECC; aCUMITOTA; KOADPUIUEHT MOTyIs-
nuu orubaromeit Buobpocurnana; CK3 cocraBisiromux BUOpaluy, BbIIEISIEMbIX
BEUBJIETAMU C OIpPEJECICHHBIMUA LIEHTpalbHbIMU YacToTamMu cBonx AUX. Ilpu
HAJIMYUHA BBICOKOTIPOU3BOIUTEIBHBIX BBIYUCIHTENEH 00paboTka BUOpOCUTHAIA
MOJKET OBITh MPOU3BECHA NMAPAIJIEIIBHO C €0 PErUCTpALUEH.

Ha puc. 2 B xauecTBe npumMepa MPEACTaBICH 4YaCOBOM TPEHJ psiaa napa-
METPOB, BBIYMCICHHBIX MIPU 00pabOTKe BUOPAIMOHHOIO CUTHAJIA, TTOJYyYEHHOIO
IIPU KOHTPOJI€ BUOpallMy MOALIMITHUKOBOM ONOPHI TypOoarperara.

5

Mm/c

DNJ'* o : Aodfena ol .LE =3 thi P : LI — nj IR N ,_:M.AM\.M: Py ;M e
10:17:01 (2998) 10:23:28 (2999) 10:30:31 (2999) 10:37:34 (2998) 10:44:37 (2999) 10:51:40 (2999) 10:58:43 (3000)  11:05:46 (3000)  11:12:49 (2998)
epemsa (o6opomsi)

Puc. 2. NUsmenenne CK3 BuOpockopoctu B yactoTHON mojoce 10—1000 I'm u
CK3 gacroTtHbpix coctapisatonux 50, 100, 150, 200, 25 T'
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BusyanbHblil aHaIM3 TPEHIOB MapaMETPOB BHOpalMM MO3BOJSET OOHapy-
KUTh UX BO3MOYKHBIE U3MEHEHMSI M, COOTBETCTBEHHO, U3MEHEHUE TEXHUYECKOTO
COCTOSIHHSI KOHTPOJIUPYEMOTO 0OBEKTA.

OnHako ero MpoBEIECHUE CBA3aHO CO 3HAUMTEIbHBIMU BPEMEHHBIMU 3aTpa-
TaMU TEXHUYECKOTO CIELHUAIUCTA, K TOMY XK€, KEJIaTeIbHO MOITYYUTh KaKHUE-TO
YHCJICHHbIE OLIEHKU 00OpalbaThiBaeMbIX JaHHBIX. [I03TOMY akTyajibHa aBTOMaTH-
3a1ys 3TOW IPOLEAYPHI.

Cratuctuueckas oOpaboTKa JaHHBIX MOKET OBbITh BBIMOJIHEHA C TOMOUIBIO
JIOCTaTOYHO MPOCTOr0 MporpaMMHoro cpeactsa. Ha puc. 3 nokasan npumep ta-
KOl 00paboTKH, B pe3yibTaTe KOTOPOH MOJIy4eHa TUCTOTPaMMa PacipeieIeHHs
CK3 BHOPOCKOpPOCTH MO YPOBHIO M YHCIIEHHBIE 3HAYEHHS, ONPEAEISIIOIIINE OT-
JUYUTEIbHBIE OCOOEHHOCTH €ro M3MEHEHHMs. OTH BBIUMCIICHHBIE 3HAUYCHUS
MOKHO MpPHUHATh B KaueCTBE BEKTOpa MH()POPMATHUBHO-3HAYUMBIX I1apaMETPOB
JUTSL CUCTEMBI TIOJACPKKU TPUHATHSL PEIICHUH MO OI[CHKE M3MEHEHHS TeXHHYE-
CKOTO COCTOSTHUSI KOHTPOJIHPYEMOT0 00BEKTa.

JnckpeT BepoaTHOCTE
(r1/c)
-no
-25
.50
-5
-go
]
.50
g
.no
-z23
.50
]
-no
.25
-0
]
-go
525
-50

JS0.0000
00000
J0.0000
JA0.0000
J0.0000
A0.0000
J0.0000
J0.o0oo
J0.0000
J0.o0oo
A0.0000
00000
J0.000D0
J0.0741
J0.5484
A0.3410
00330
A0.0035
00000
=5 A0.0000
oo J0.0000
CpepHee ZHa4veHMe BMOPOCKOPOCTHM 3a nepnon HadSmopgenma: 3.706

CK3 pas6poca BHa4YeHMM BMEpPOCKOPOCTHM 2Za rMnepuol HaGmogenma: 0.1548
MarkcHMansHoe BHa4deHMe: 4 483

Mo s s WWWWNNNNPEPE R R REOooOoD
L e, TR e PN e R e e e PR i PR R R R
R R R P R R s

MMHMMAaIBLHOSe BHaveHMe: 3 .3387
O1artazoH MBMeHeHMT : 1.1438
KonM4eCcTBEC aHATMMBHMPpYeMBX oTcdeToB: 10800

Puc. 3. Pesynbratel 00paboTku cyrounoro BpemenHoro tpenaa CK3 BubGpocko-
pOCTH MOANIMITHAKA TeHEPATOPa MPU €T0 HOpMaIbHOU padboTe

[TapameTp «CpenHee 3HaUeHHE BUOPOCKOPOCTH 3a MEPHUO,] HAOTIOICHUS) —
V. oq » MOKET OBITH HCIOJIB30BAH AJISI OOLIEH OLIEHKH TEXHUYECKOTO COCTOSIHUSA

KOHTpOJMpyeMoro oobekTa. [ aToro npumensercs pematomas GpyHkuus [11]:
0,25, ecmm V_,<V,;
0,5, ecu V, <V, <V,;
FRWV .)= (1)
0,75, ecm V, <V ., <V,;
1,0, ecim V. <V

med
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rne V,, V,, V. — 3nauenus CK3 BHOPOCKOPOCTH, COOTBETCTBYIOIUE TPAHUY-
HBIM YPOBHSIM TE€XHHYECKOIO COCTOSAHMA, npuuyeM V,< V,< V.. KoHKpeTHbIE
BEJIMYUHBI ITUX YPOBHEW MOTYT OIPEACIATHCS: CTaHIApTaMH; IIyTEM aHajau3a
U3MEHEHHUs1 BUOPAIIMOHHOTO COCTOSHUS TOCTATOUYHO OOJIBIIOTO YUCHIA OJHOTHUII-
HBIX OOBEKTOB; Ha OCHOBE JKCIIEPTHBIX OLIEHOK. YPOBHU OOBIYHO OTIUYAIOTCS
Ipyr ot apyra Ha 4—8 nb.

Ecmu FR(V,,,) = 0,25, TO M€XaHU3M HaXOAMUTCSA B OYEHb XOpoOLIeM BHOpa-
IIUOHHOM COCTOSIHUM (3TO OOBIYHO HOBBIE (TIOCJIE PEMOHTA), MPOLIECAIINE MPHU-
pabotky mammusl). Eciu FR(V, ;) = 0,5, TO MEXaHU3M HAXOIUTCS B XOPOIIEM
BUOPALIMOHHOM COCTOSIHUM U MOXET HKCIUTyaTUPOBaThCsl 0€3 BPEMEHHBIX Orpa-
uuuenuit. Ecmu FR(V,,,) = 0,75, To Ha 9KCIUTyaTal[MI0 MEXaHU3Ma HaKJIaJbl-
BAlOTCA OTPAHUYEHMSI HA JIOMYCTUMOE BpEMs JKCILTyaTallld, OOBIYHO OT He-
CKOJIBKMX JIHeU 1o Mecaua. Ecom FR(V,,,) = 1, To cOCTOAHUA MEXaHU3Ma aBa-
puiiHo-omacHoe U TpeOyeTcs onepaTUBHOE pearupoBaHUeE, BIJIOTh JI0 €r0 OCTa-
HOBKH.

Opnako, mpenocTaBisisi 0O0OOHIEHHYIO XAapaKTEPUCTUKY BHOPOCOCTOSHUS
00BEKTa Ha JJIUTEILHOM BPEMEHHOM HHTEpBase, mapaMmerp V, , He oTpaxaer
BO3MOYKHbIE U3MEHEHHS] MHTEHCUBHOCTU BUOpAllMK HA OTJEIbHBIX peXUMax pa-
OOTBI, KOrJa MOTYT HaOJI0aThCsl €€ CYLIECTBEHHBIC MOBBIIIECHUS, OINpeese-
MBI€ «MaKCHUMAJIbHBIM 3HadeHuem» — V. IIpn OoLleHKe COCTOSIHUSA 110 OTHO-

HICHUIO K V__ TaKkke MOKHO IPUMEHMUTH peniaroinyro GyHkuuo Buaa (1), yun-

ThIBasl MPU 3TOM PEKUMHBIE (DAKTOPHI U MPEABAPUTEIHLHO yIAUB U3 BHIOOPKU
BO3MOXKHBIE Ciy4ailHble BbIOpOCHL. M3meHumMBOCTH V, , XapakTepusyercs

«CK3 pa3zOpoca 3HaueHuii BHOpPOCKOPOCTH 3a NepHoj HaOmroaeHus» —S,, a

TaK)Ke AUAa30HOM U3MEHEHHUS — V, . YCTaHOBUTHh I'DAaHUYHBIE YPOBHH peEIlIa-
omel pyHKIUM UIs 3TUX [TapaMeTpOB 3HAUUTENBHO ClloKHee. B kauectse S,
V,, MOTYT OBITb IPUHATHIL, yBeIU4eHHbIEe HA 20-25 %, 3Hauenus S, ,V, , nony-
YEHHBIE TIPU AKCILTyaTallMi HOBBIX, TPUPAOOTAHHBIX MAIIIUH, IPU MPOXOKIECHUN
MMU BCEX TUIIOBBIX PEKMUMOB dKcIuTyaTanuu. I'panunel 300 B u C uenecoodbpas-
HO BBIOMpaTh Ha OCHOBE PE3YyJbTATOB JUIMTEIHOM SKCIUTyaTallid OOBEKTOB
KOHTPOJISL U C Y4ETOM JKCIIEPTHBIX OLeHOK. PocT mapamerpa S, wmm V, cBune-
TENbCTBYET 00 ONpPENEICHHOM M3MEHEHHHM TEXHMUYECKOTO COCTOSIHUS OOBEKTa,
JIayKe IIPU HE3HAYUTEIBHOM yBEIUYEHUN V/

med *

3aki0oueHue

HenpepsiBHBIN aHaNMM3 BUOPAIIMOHHOTO COCTOSIHUSL CIIOKHOTO TPOU3BOJI-
CTBEHHOI'O 0OOPYJOBaHMSI CO3/1a€T MPEINOCHUIKU Uil pa3pabOTKU HOBBIX CIIO-
cOOOB pelIeHUs 3a/1a4 OLEHKM TEXHUYECKOTO COCTOSIHUS M TMAarHOCTUKU. AHa-
JIOTUYHAsi, PACCMOTPEHHOM, 00paboTKa IpYrux MapaMeTpoB BUOPAIIMOHHBIX
CUTHAJIOB, KOTOPBIE SIBISIIOTCS MH()OPMATUBHBIMU MPU3HAKAMHU JIs ONIpE/eIIeH-
HBIX J1€(DEKTOB, MO3BOJIET CAENATh BHIBOBI 00 UX Pa3BUTHUH.

OnHako cieayeT OTMETUTh, YTO MOJIYYUTh XOPOIINe, C MPAKTUIECKON TOU-
KA 3PCHUS, PE3yJbTaThl, UCIOJB3Ysl PACCMOTPEHHBIA MOAXOJ, MOKHO TOJBKO
py 0OOCHOBAHHOM BBIOOPE MOPOTOBBIX YPOBHEH MJIsl peIIAIOMUX (PYHKITUN TI0
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OTJICJBHBIM TIapaMETpaM, a TaKKe BECOBBIX KOI(PQPHUIIMEHTOB MPH BBHIYHCICHUN
0000IIaOMKX PeIIaromuX QYHKITUH.
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