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K 9KCIIEPUMEHTAJIBHOMY ONIPEJEJEHHNIO YN CJIA
INEPEXO/JOB YEPE3 HOJIb CMECHU CUHYCOUJAJIBHOI'O
CUT'HAJIA 1 LIYMA

3 MEeTOI BiIIpainboBYBaHHS METOJIB MPOBEICHHS OOYMCIIOBAIBHUX CKCIICPUMEHTIB 13 BH3HAUYCHHS
KIIBKOCTI MepexofiB Kpi3b HYIbOBHIl piBEHb CYMH CHHYCOIJAJbHOTO CHIHAIY Ta ILIyMy, OYIH
MPOBEICHI SKCIIEPUMEHTH 3 TOPIBHSIHHSAM OLIHOK PE3yJbTAaTiB OOYHCITIOBAILHOTO CKCIICPUMEHTY Ta
obuncieHHs 3a (QOpMylaMH, OTPUMAaHHMH AHATITHYHAM HUBIXOM. EKCIEpHMEHTH NPOBEACHO s
JEKITBKOX MOJENeH IIyMy Ta 3pO0JeHO BHCHOBOK IOZO MOXIIMBOTO 3aCTOCYBaHHS IMX MOJENCH B
MOJANBIINX OOYHCIIOBATPHUX CKCICPUMEHTAaX. Pe3ynbTaTd BHKOPUCTOBYIOTBCS UL PO3POOKH
aITOPUTMY OOpPOOKH CHTHAITY TaTYMKa BUXPOBOTO IIOTOKOBUMIpIOBayYa.

This paper discuss the methods of the undertaking computing experiment on number of zero crossing
determination for noised sine form signal. There were made some experiments with experimental and
theoretical formulas dates comparison. There were used several noise models and conclusion were
made on possibility to use such computing experiments in future. The results are used for vortex
flowmeter sensor signals processing algorithm development.

IHocTanoBka npodsemsbl. [Ipy NpoxoXkaAeHNH KUIKOCTH 110 TPyOE B MOMEHT
JOCTHIKEHHS JKUIIKOCTHIO KPUTHYECKOH CKOPOCTH Vip, KOTOPAsi yOBIBAET C POCTOM
paguyca TpyObl M C YMEHBIICHHEM BSI3KOCTH, IPOMCXOJIUT IpEBpallieHue
«IpSAMOTO0» (JJAMHHApHOTO) IBIDKEHUS B «M3BHIMCTOE» (TypOyneHTHoe). Eciu Ha
MyTH JBWDKEHHS XHIKOCTH CTOMT MPEISTCTBHE, TO 332 ITUM TEJIOM OOTEKaHUs
00pa3yroTCst BUXPH.

VYerpolicTBa,  KOTOpble — INpeAHa3HAYeHbl Ul W3MEPEHUs  pacxoja,
UCIIONb3YIOIME  BBIICONMUCAHHBIH  3((deKT,  Ha3pIBAalOTCI  BUXPEBBIMU
MOTOKOM3MEPUTEISIMU.  BUXpeBble  MOTOKOM3MEPUTEIM  00JafaloT  psSaoM
JIOCTOMHCTB, OJHMM M3 KOTOPBIX SBIIE€TCS IPOCTOTa M JEMIeBH3HA. B Takmx
MOTOKOM3MEPUTEIIAX BEIMIMHA PACcX0/ia OMPEIeIsIeTCs IO YacTOTe CUTHAIA.

Js TpOCTBIX CXeM H3MEpPHTENe CO CTPYKTYpoil «BHUXpeoOpa3zoBaTellb —
JIaTYMK JaBieHus — (OpPMHUpPOBATENb MMITYJILCOB — CUETUYHMK)» BO3HMKAET 3ajada
OTIpeNieNIeHNs] HIKHETO TOpora M3MEpeHHUil Mo clexyromieid MpudhHe, TaK Kak B
o0JlacTH MajbIX HMHTCHCHBHOCTEH IMOTOKOB OOBIYHO aBTOMATHYECKH BO3HHUKAET
COCTOSIHHE «MEPTBOTO XOJa»: NMOTOK €CTh, & CYETUMK €0 HE PETHCTPUPYET, a B
BUXPEBBIX: IOTOKA HET, a CYETUHMK, BO3ZMOKHO, PETUCTPUPYET YACTOTHI ITyMOB.

AHajau3 autepatypbl. [Ipenensl u3MepeHnit TakuM CIIOCOOOM KOHEUYHBI, TaK
KaK B BHXPEBBIX MOTOKOM3MEPHUTENSIX YACTOTa BUXPEH MPU CHIKEHHH CKOPOCTH
YMEHBINIAETCsl BMeCTe ¢ 0oJiee CyIEeCTBEHHBIM YMEHBIIEHUEM aMIUIATY bl CUTHAJIA
matanka [1]. Tak, OSKCIEpUMEHTATbHO TOJYYeHHAss 3aBUCHUMOCTh MEXKIY
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CKOPOCTBIO MOTOKA M YacTOTOW C(OPMUPOBAHHBIX MMITYJIECOB BBITJIs/ENA KaK Ha
puc. 1.

\

Puc. 1. 3aBuCHUMOCTb YaCTOTHI HUMITYJIbCOB OT CKOPOCTH IOTOKa

OcHoBaHMeM I NOpeKpaleHus M3MEpPeHHH  sBISeTCA  JIOCTH)KEHHE
JIOITyCTUMOT'O YPOBHS MOTPELIHOCTH, YTO B CBOIO OUYEPEAb MOXHO OCYILECTBUTH,
OLICHMBAsI YUCIIO “NUIIHKUX" C(OPMUPOBAHHBIX UMITYJIbCOB ITPU U3MEPEHHUHU YaCTOT
CHUTHaJIa HU3KOTO YPOBHSI.

W3 nmpuBeNEeHHOrO BBIILIE PUCYHKA BUJHO, YTO CYLIECTBYET ONPEIACIEHHBIN
YpOBEHb, TpPH JOCTIDKEHHH KOTOPOTO MPOHCXOJUT HapalldBaHUE JIUIIHUX
UMITyNIbCOB. [Ipy HU3KHMX 9acTOTaX M MaJbIX YPOBHSAX CHTHAJIa IIyMbI HAXOJSITCA B
00JIaCTH BEPXHUX M3MEPSEMBIX YacTOT, a (UIbTPaLUs IIYMOB MOXET BpPEIUTH
MOJIE3HBIM CUTHAJIAM B OOJACTH BEPXHHMX YacTOT JMara3oHa u3MepeHud. Takum
00pa3oM, KOTIa IOTOK CTaHOBHTCS JIaMHHAPHBIM, HAOIIONAETCSl HAKOIICHHE
JMIIHUX MMITYJIECOB (JIOXKHBIC M3MEPEHHS BCIICACTBHE IPE0OIagaHus IIyMOB Hal
MOJIE3HBIM CUTHAJIOM).

IIpu BBICOKHMX dYacTOTaX, KOIJla 4acTOTa CHI'Haja OOJIbIIE YacTOTHI IIyMa,
MOXET BO3HUKHYTh CHTyallusi, IPU KOTOPOW aMIUIMTyna mmyma Oyzaer Oosblie
aMIUIMTY/bI CUT'HaNa. B 3TOM citydae Takxke Oy/IyT JIOKHbIE U3MEPEHUSL.

[IpencrapnsieTcss BOSMOKHBIM IIPH COOTBETCTBYIOIEM YCIOKHEHHH TpHOopa
OTIpeNieNATh CHUTYaIHio, KOTJa CIEAyeT 3aBEepLINTh HAKOIUIEHHE HMITYJIBCOB U
W3BECTHUTH TOJI30BATENS I COITyTCTBYIOIINE CUCTEMBI 00 3TOM.

BripaxxeHne A1 BEIYUCICHHS MaTeMaTHUECKOTo OXHUIaHUS YHicia Hynei amst
CYMMBI (PUKCHPOBAaHHOTO CHHYCOMJAIBHOTO CHUTHAja U HOPMAJBHOIO CIy4aifHOro
nryma, npeanoxkenHoe PaiicoM [2] u momydeHHOe mo3ke beHnaToM MHBIM MyTEM,
[0 CBHUICTEIHCTBY BeHIaTa «CIHMIIKOM CIOXHO I MPAaKTHYECKUX Leneld W He
coryiacyercs C pe3yiabTaTaMM, KpoMe Kak B HEHHTEPECHOM cllydae, Korja
CHHYCOHIJIbHAs COCTABIIIONIAs OTCYTCTBYET».

B BbIpakeHHE BXOJUT WHTErpas, KOTOPBIH MOXET OBITh BBIYHCIICH JIHIIb
YHCJICHHBIMU MeToJaMHM. [IJI1 YaCTHBIX CiIydaeB, HampuMep, A Oesoro myma c
OoTpaHWUYEHHOM Mosiocoit yacTot, bennar [3] mpemaraeT BrIpakeHuUe:
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raoe g — KPyropasi 4aCTOTa CHHYCOMIAIBHOTO CHTHAJA; P — OTHOIICHUE CUTHANA
k miymy; @< 1 u b>1 koncrautsl, Takue uro 0<aw, S|0)| <bwy, re |0)| — mojoca

YacTOT, KOTOpbIE TMpomyckatoTcss (uibTpoM. B manHoit ¢dopmyne dvactoTa
CUHYCOHJIbI CYMTACTCS TIOCTOSHHOM.

Heckonbko uHBIM acriekTam mocBsieHa pabora [4]. Kenem B cBoeit pabote
[5] mpruMeHsIeT K pelIeHHIO 3TOr0 BOMPOCa CIEKTPAIbHBIN aHanu3, a B pabote [6]
NPOU3BOIUT aHAIM3 KOJMYECTBA IEPECEYCHUIM METOJOM BBICIIMX IOPSAAKOB
(Higher Order Crossings). Waes mMeToaa COCTOUT B TOM, YTOOBI OOBEAUHSTH
noJCcuéT Yuca MepexoioB uepes Hob ¢ puubTpamiu. [Tozxe Kemem coBmMecTHO ¢
BapHeTTOM OmNpeaessyii YHCIIO MEPEXO0B Yepe3 HOJb B MPOAYKTaX TayCCOBBIX
npoteccos [7].

Hens craTbu. IlomyueHue M cpaBHEHHE OICHOK YHCIA NEPEXOAOB uepes
HOJb, TIOJYYEHHBIX AaHAJIUTUYECKMM IyTéM W MNyTEM  BBIYHCIUTEIBHOTO
IKCIIEPUMEHTA.

Jnst mpoBepkH BhINOJHEHHsT Ha TpakTtuke (opmynsr (1) Obul mpoBeneH
skcriepumenT Ha [1K, a5t Toro, 4to0bl B JanbHEHIIIEM HCIIOIb30BATh MOJIYUYSHHYIO
MOJIeJIb FeHepaTopa Ul pa3paboTKU alropuTMa oOpaboTKHU CUrHAJIA.

B kauectBe reHepaTtopa ciy4aiHOro oryma ObUT BBIOpaH CTaHAAPTHBIH
reHepaTop INCEeBJOCIyYalHbIX YHMCEI C HOPMAJIbHBIM DPACIPENENCHUEM B Cpelie
MathCad2001 u reneparop nceBIOCIy4aliHBIX YMCET HA CIBHUIOBBIX PETHCTPaX C
o6paTHO! cBaA3bI0, wHcmonb3yrowmii mommHoM  P(X) = X+ X +x* +x+1, ¢

nocienylomuM  (GOPMHUPOBAHHEM  pACTpElElCHUsT aMIUIUTYA, OJIM3KOro K
HopMmanbHOMY  [8]. bBbuIM  ompeneneHbl  XapaKTEPUCTHKH  MOJYYEHHBIX
TICEBOCITYYAHBIX MOCJIEI0BATEILHOCTEH.

K stomy mymy Obu1 moOaBiieH MOJE3HBIH CHUTHAJ, MPEICTABISIONINA COO0H
cunycouny. Tak kak ¢opmyna (1) mpenHasHaueHa Ui OrpaHUYCHHON ITOJIOCHI
YacTOT, TO IIOJyYEHHYI0 HaMH CMECh IIyMa M TMOJIE3HOTO CHUTHajla HYXHO
MPOITYCTHTH Yepe3 (GMIIbTP HU3KUX JacToT.

Hnst  punbTpanmu BBIOpaH METOA CKOJB3SIMIETO CIJIAXKHBAHUS C  JBYMS
npoxonamu. B mepBom npoxoze BEIOOPKY OCYIIECTBILSUIM 1O N = 4 37eMEeHTa, a BO
BTOpOM 1O N = 5.

3areM Uil HONYyYEeHHOH CMECH IIyMa M IIOJIE3HOTO CHTHaja B IIpoIecce
9KCIIEpUMEHTa OBUI TPOM3BEAEH MOJACUET YHCIIAa TIEPEXOJ0B dYepe3 HYJIEeBOH
ypoBeHb (¢ cooTHOIIeHreM curHai/mym, pasubim 0.1, 0.5, 1, 5).

Ha puc. 2 mnoka3aHbl 3aBUCHMOCTH, HOJYyYEHHBIE C MCHOIb30BAHUEM
CTaH/ApPTHOTO TeHepaTopa ICEBAOCIyYailHbIX 4Yucen (a) W C HCIOJIb30BAaHHEM
reseparopa rnceprociaydaidHeix uucen Ha CPOC (60) ¢ mocnemyronmm
(hopMHpOBaHUEM pacTIpeieTICHUs aMIUIUTYI.
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HUcnone3ys popmyay (1), MOIydunn 3aBUCHMOCTH YHCIIA MEPEXOIOB yepes
HYJICBOW YPOBEHBb OT YacTOTHI (MIPU TAKHX K€ COOTHOLICHHSAX CHUTHAN/IIYM). ITOT
rpaduk npuBeaEH Ha puc. 3.
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6)
Puc. 2. 3aBUcHMOCTb 4KcCIIa IepeceueHU HyJIeBOI0 YPOBHS OT YaCTOTHI
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Puc. 3. 3aBucuMocTh uncna nepecedeHuil Hyl1eBoro ypoBHs OT 4acTOTHL,
MOJTy4YEeHHAs! aHAJTUTHYECKH

BoiBoapl. Kak BHAHO U3 MONYy4YEHHBIX pE3YyNbTaTOB, XapaKTEPUCTHKH,
MOJTyYEHHbIC aHATUTHYECKH U SKCIIEPUMEHTAIBHO, HMEIOT O0IINE YepThl, IPUUIEM,
HMEETCs TOUKA IIEPECEUCHNUS BCEX KPUBBIX.

Onnako, B Qopmyne (1) He yuuThIBaeTCs KBaJApaTHYHAs 3aBHCHMOCTD
AMIUIATY/BI CUTHAJIA OT YacTOThI. TakxkKe BBIYHUCIICTCS MATEMAaTHIECKOE OXKUIAHHE
YyciIa HyJeld He 3a ONpeesIeHHOe KOJIMYECTBO MEPHOIOB, a 32 CIAUHUIYY BPEMEHH
JUISL CyMMBI CHHYCOMIAJIBHOTO CHUTHAJa M OeJoro ImymMa ¢ OrpaHW4YE€HHOH IOJI0COn
yactoT. Kak ObU1O BBIIE CKa3aHO, B CUTHAJIE OT PEATBHOTO JAaTYUKa IPUCYTCTBYET
KBa/IpaTUYHAsl 3aBUCHMOCTH aMIUTMTYAbl CHUTHajla OT 4acTOThl. B mampHeHmmx
9KCIIEPUMEHTAX IUIAHUPYETCSI NCTIONb30BaTh 3Ty 3aBHCHMOCTb.
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