YK 621.317
E. A. BOPUHCEHKO, accuctrent. HTY «XIT1»

HNCCJIEJOBAHUE METOJOB YMEHBUHIEHHUSA ®JIYKTYALUU
NH®OPMATUBHOI'O CHUT'HAJIA ITPU U3MEPEHHUHU YPOBHS
KUIAKUX U CBIIIYYUX CPEJ YJIBTPA3ZBYKOBBIM CIIOCOBOM

B cratbe paccMOTpeHBl NpPUYMHBL (IIyKTyaoud BpEMEHH IIpoJeTa YIbTPa3BYKOBOIO CHIHAla
JIOKAI[HOHHOTO ypoBHeMepa. IIpuBeneHBl pe3ylbTaThl HCCICJOBAHMM BIMSHUS HA BEIHYHHY
(urykTyanuu HamIpaBICHHOCTH IIPHEMHHKa U  IIepeJaTduka. lIccienoBaHBI  CrIIaXKUBAIOIHE
CIIOCOOHOCTH ~aJITOPUTMOB MEIUAHHOTO U OKCIIOHCHIMAIBHOTO CINIAKMBAaHMUS M CLIQXKHBAHHS
CKOJIB3SIIIIUM CPEIHHM.

KiloueBble cl10Ba: yIbTpa3sByKOBOH ypOBHEMEp, BO3MYIICHHS CpEIbl PacIpOCTPAHEHHUS,
MeInaHHOe, YKCIOHEHIHAIBHOE CTIIaKHBaHUE, CKONIb3SIIee CpeIHee.

Beenenune. Hambomee pacnpocTpaHEHHBIM — aKyCTHYECKUM — METOJIOM
W3MEPEeHNs] YPOBHS SIBJISICTCS JIOKAMOHHBIN [1], mpu KoTopoM MHGOPMATHBHEIM
rapamMeTpoM SIBJISICTCSI BpeMsl, KOTOpOoe TpeOyeTcsl yIbTpa3ByKOBOH BOJHE IS
NIPEOZONICHNST PACCTOSIHUSL OT M3JIydarTels 10 IPUEMHHKA C OTPaKeHHEM OT
TIOBEPXHOCTH KOHTPOIUpPYEeMOH cpeabl. [Ipn n3MepeHnH YpOBHS >KHIKHX WIN
CBITYYNX CPEI B €MKOCTSIX CpeJoi pacrpocTpaHeHnsl Y3 CHIHaja dalle BCEro
SBISIETCS BO3yX. OTO MO3BOJSIET IPOBOJIUTH OECKOHTAKTHBIE HM3MEPEHHS, UYTO
0COOCHHO AKTYAJIHO MPU W3MEPEHUH YPOBHS arpecCHBHBIX, 3arpsI3HSAIOMINX WA
pa3pyIIAoMNX TyBCTBUTEIBHBIE SIIEMEHTHI CPE.

AHa/IN3 JUTePATyPhl MTOKA3BIBACT, YTO NMPHU XPAHEHUH HEKOTOPBIX BA3KHX
cpen (Ourym, Ma3yt) [2] HEOOXOAUMO TOICPKUBATH X BBICOKYIO TEMIIEPATYPY
(90-150 °C) ns OCYIIECTBIEHHs BBITPY3KH/3arpPy3KH MPOLYKTA B €MKOCTb.
PazHocTh TeMmmepaTryp BHE pe3epByapa W CHapyXH, OCOOEHHO B YCIOBHAX
OTPHUIATENFHBIX TEMIIEpaTyp, IPHUBOAWT K CYIIECTBEHHOW TEMIIEpaTypHOU
HEOTHOPOAHOCTH B pe3epByape. B pesymbraTe 3TOro 00pas3yroTcsi BO3AYIIHBIC
Macchl Pa3IMyHON TEeMIIepaTypbl, KOTOpble MOTYT IepeMelnathes. [lepemerieHue
BO3/YIIHBIX MacC MOXET TAKXe BO3HUKATH IPU HCIIOJIb30BAHUH ITHEBMATHYECKOT0
000pymoBaHUs, Ui OTTPY3KH CBHITYyYMX TPOAYKTOB [3] WIu TpU XpaHEHUH
MPOAYKTOB, WMEIONINX OTIUYHYIO OT OKpYXKAalomel cpembl Temrepartypy.[4].
[TepemermieHre BO3AYNIHBIX Macc NMPHUBOAHUT K CHOCY Y3 CHTHaja, M3-3a 4Ero OH
pactpocTpaHseTcsi MO Pa3HBIM TPACKTOPHSM, UIMHA KOTOPBIX OTIHYACTCS OT
PACCTOSHUS MEXAY M3IIydaTeleM W MPUEMHHKOM, M3MEPEHHOrO IO NPSAMOW, Ha
HEKOTOPYIO CIIy4aitHyro BEJIMUUHY, SIBJISIFOLLLYFOCS CIy4aiHOU
MYJIbTUIUIMKATHBHOM TOTPEIIHOCThIO. EIle OTHMM  CIEACTBHEM  SIBIISCTCS
NOSIBJICHHE B BO3QyXe OONacTeif, O0O0JamaloINX OTIMYHBIMH aKyCTHYCCKUMH
CONPOTHUBJICHUSIMH, YTO NPHUBOJUT K IpenoMieHuio Y3 myda. B pesymprate Ha

“E. A Bopucenko, 2013
ISSN 2079-0023. Bicnux HTY «XI1I». 2013. Ne ()



BBIXOZIE NPHEMHHUKAa aMIUINTYy/la CHI'Haja MEHSETCS BO BPEMEHH CIIy4alHBIM
0o0pa3oM, 4YTO NPUBOAMUT K CIy4alHOMY CMEHICHHIO MOMEHTa CpaOaThIBAaHMS
KOMIIapaTopa U MOSIBICHHUIO CIy4alHOW aJAUTUBHON morpemuoctu. ITpu BeICOKOI
WHTCHCUBHOCTH IIOTOKOB IIPUMEHEHHE YJIbTPa3BYKOBBIX H3MEpHTENCH YpOBHS
CTaHOBHTCS HEBO3MOXKHBIM [5].

IMocranoBka 3agayu. B Xozme uccienoBaHWid, BBINONHSAEMBIX B paMKax
JICCEPTALIOHHON paboThl, OBLIO YCTAaHOBJIIEHO, YTO OOJNBLIOE BIUSHHE HA
BEIMYMHY OSTUX IIOTPEIIHOCTEH OKa3bIBae€T XapaKTEPUCTHKA HAINPaBIEHHOCTH
NpUeMHUKa/TIlepeiaTynKa. Taroke ObUIM HMccClienoBaHbl 3 croco0a CrilakKUBaHHS
SKCTIEPUMEHTAIBHBIX TAaHHBIX: MEIWAHHOE, SKCIOHCHIIMAJIbHOEC W CKOJB3SIINM
cpenHuM. JlaHHbBIE aITOPUTMBI OBUTH BEIOPAHBI BBUIY MX MPOCTOTHI, UTO JENACT X
MPUMEHUMBIMHA B TPOIIMBKE MHUKPOKOHTpOJUIEpa YIbTPa3BYKOBOTO ypOBHEMEDA.
OYHKIMH UX peau3yIolye BKIIOYEHbBI B COCTaB porpaMMHoro nakera MS Excel,
YTO MO3BOJIJIO C JIETKOCTBHIO HCCIEOBaTh MX CBOMCTBa Ha OOmbIIOM oObeme
JTAaHHBIX.

Heabio uccienoBanuii ObI0 BHIOPATh METOA CIVIAXKMBAHMSA (QIIYKTyaIlln
nH(OPMATUBHOTO TMapameTpa W ONPENeNHTh YCIOBHS, NPH KOTOPHIX OH OynmeT
HanOosee 3¢ GeKTHBHBIM. JlJIsl TOydeHHs] NAaHHBIX, OBUT MPOBEAEH KCIEPHMEHT,
YCIIOBHUSI KOTOpPOTO ToKa3zaHsl Ha puc 1. B cpene pacnpocrpanennst ¥3 curHana
CO3/1aBaJIOCh BO3MYIIEHHE, MCTOYHUKOM KOTOPOTO SIBIISUICS TEIUIOBEHTHIISATOD
(TB).

Ha puc. 2 npuBeneHsl MaTepuansl NCCIEOBaHNH, MOTyIeHHBIE IPH paboTe
NpUEMHUKA ¥ TIepefaTynka Oe3 pyMopoB, NMpH 3TOM yroJl MX HampaBIeHHOCTH
cocraBimsi 50°, ¥ ¢ KOHHYECKUM DPYIOPOM, MPU HCIONB30BAHUH KOTOPOTO
HATPABIEHHOCTH Cyx)kanack 10 20°.

Bruo nccnenosano 4 pexxuma padorsr: TBO — B criokoiinom Bo3ayxe; TB1 —
TETIOBSHTWIIATOP Iyl XOJOAHBIM BO3AyxoM; TB2 —HarpeB Bo3gyxa Ha Maliod
momrHocTH; TB3 —HarpeB Bo3qyxa Ha MaKCHMAIbHON MOIITHOCTH;

OTpaxalolwan NoBepxHOCTb

1—un3nyyatenb; 2 — NpUEMHUK; 3 — Ten1oBeHTUAATOpP

Puc. 1 Cxema npoBeeHHs SKCIIEPUMEHTA

B xaxxmom pexxnmMe ObII0 HakKoruieHO 2630 0TCYETOB, OTCYETHI COBEPIIAIICEH
¢ yacroroii 15 I't. PaccrostHue 10 oTpakaromieli oBEpXHOCTH ObUIO HEU3MEHHBIM
" cocTaBiuIo 1,7 m.
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Hmxe npencrasieHs! rpadyku M3MEHEHUS YMCIia CIETHBIX UMITYJIbCOB N B
3aBHCHMOCTH OT HM3MEHCHUS YCJIOBHHA HW3MEpEeHHs Npu paboTe NpHEMHHKA M
nepenaryrka 6e3 pymopa (puc. 2) U ¢ KOHHYEeCKUM pyrnopoM (puc. 3). Bee Bpems
HaOmoneHnss pa3duTo Ha TpaduKe Ha OTPE3KH, COOTBETCTBYIOIIME PEKHMMaM
paboter: Ab — TBO, BB — TB1, BI' — TB2, I’/ — TB3. [lanece ObLTH HUCCIICTOBAHBI
(GUIBTPYIONINE CIIOCOOHOCTH TPeX (HIBTPOB.
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Puc. 2. V3MeHeHue 4ncia CYETHBIX HMITYJIECOB B 3aBUCHMOCTH OT YCIIOBHI H3MEPEHUH MPH
paboTe mpreMHHKa/TIepeaTInka 6e3 pyrnopoB.
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Puc. 3. V3MeHeHue uncia CYETHBIX HMITYJIECOB B 3aBUCHMOCTH OT YCIIOBHI H3MEPEHUH MPH
paboTe mpreMHIKa/TIepejaTInKa ¢ pyrnopaMH.

[epBBIit  GuAbTP, peanu3yer CriIaXMBaHHE CKOJB3SIIUM CPEJHUM 110

1

1 .
aNropuT™My b; =—Zai , rae a,— MCXOJHBIH psAA JaHHBIX, b, -
nig

CrIIaXKEHHBII pajl, N — KOJIMYECTBO YCPEIHSIEMBIX OTCUETOB.

Bropoit wuccnenyemerii QuIbTp peaJM3yeT MeEIWaHHOE CIJIaKHUBaHUE.
CornacHO anropuIMy, CIJIaXHBA€MBIA Pl U3 N WICHOB  BBICTPaMBaeTCA IO
BO3pACTaHMIO, a 3aTeM WIEHy CIJaXEHHOrO psja b, NpHCBauBaeTCs 3HaueHUE
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CPEIHEro 110 HOMEPY U3 YIOPsIOYEHHOIO MaccuBa b, =a, , . OKCIOHEHIUAIbHOE
CrIIaKMBaHKUE MPOM3BOJNTCS Mo anroputmy b, =kb, , +1la,, rae a; — ucxonuas, b; —
CIITayKeHHAs TOCIIeI0BaTeNIbHOCTh. K 1 | — mocTosiHHBIE BecoBble KO HUIMCHTHI,
npuuem k+1=1.

Ha mepBoMm atamne crosuia 3ajada CpaBHEHHS CIIIAKMBAIOIINX CIOCOOHOCTEH
¢uIbTpOB TpM cxoxeM ObicTponercTBHH. C 3TOW LENBI0 AL CKOJB3SIIEro
CpefHero W MeOWaHHOTO CriaxuBaHus Obpio  B3sfTo n=1000, a s
SKCIIOHEHIMAIILHOrO criaxxuBanus k=0,999.

W3 nomy4eHHBIX pUCYHKOB 2 U 3 MOXKHO CH€IaTh TAKUE BHIBOABIL:

- HAaWIy4Iyro QUIbTpaLUio o0ecrieunBaeT MEJUAHHOE CIIIAXKHBAHHE;

- TIOMHMO CIIy4aiHOW, NPUCYTCTBYIOT MEIUICHHO MCHSIOIIUECs, ApeloBbIe
COCTaBJISIOIIHE TOTPEIIHOCTH;

- mpu paboTe NpHEMHHMKA W TepeJaTinka Oe3 pYyHOpOB HMEIOT MECTO
CIIydaliHble IOTrPEIIHOCTH, PEe3KO OTIMYAIOIUECS OT OCTAIBHBIX — IPOMAaxu;
MMEHHO HaJIM4Me IPOMaxoB pe3KO CHWKaeT 3(P(eKTHBHOCTh CIrIaKUBaHUS
CKOJIB3SIIIVIM CPEJHUM U 3KCIIOHEHIIMAIBHOE CIIIaKHBAHUE.

IIpu npenBapUTENbEHOM UCKIIOYEHHN POMAXOB M MEJUAHHOM CIIIayKUBaHUH
mo 2000 orcueram momydaercsi rpaduK, MokasaHHBIH Ha puc. 4. Bumxo, d9TO
npeiidoBble W cioydaifHbIE COCTaBIIIOIIME YCTPAHEHBI, a HE WCKIIOUYEHHON
ocTanach CioydaiHasi MOTPEIIHOCTh KBAHTOBAHMS. Takke MO PHUCYHKY MOXKHO
CyIuTh 00 W3MEHEHWH CKOPOCTH  paclpOCTpaHEHHS  YIbTpa3Byka IO
YMEHBIIAOMEMYCS YHCIY CUETHBIX HUMMYIbcoB. IlomydeHHass 3aBUCHMOCTb
O)KuaeMa, MOCKOIBKY CKOPOCTh 3BYyKa ITOBBIIIAETCS C POCTOM TEMIEPaTypHl,
CIIEJOBAaTENBHO, BpeMsl MpOJIETa HM3MEPSAEMOIrO PACCTOSHUS YMEHBIIUTCS, 49TO

OUEBHTHO 1 HAONFO/IaeTCs Ha PUCYHKE.
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Puc. 4 Pesynbrar criakuBanus MeananHbIM GribTpoM 1o 2000 oTcueram — He
HCKITFOYEHBI OTPEITHOCTh KBAHTOBAHHS M CHCTEMATHUIECKast OT PEITHOCTD

Janee Obuto wWccleIOBaHAa CrIAKUBAIOIIAS CIIOCOOHOCTH MEIHAaHHOTO
¢UIBTPa B 3aBUCHMOCTH OT KOJIMYECTBA OTCUETOB. B KauecTBe KOJIMYECTBEHHOM
xapaxTepuctuk ¢puabTpa 66ut0 puHATO CKO Ha yyactkax Ab — I'/l, uncrnoBbie
3HAYEHHMs CBEZCHBI B TaOumiy. 3a/1aua 3aKimodanach B JOCTH)KEHUN KOMIIPOMHCCA,
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MEXIy OBICTpOAEHCTBHEM W CriIa)KMBaHHWEM. M3 TaONMYHBIX MAaHHBIX MOXKHO
C/IeNaTh BBIBOJIBI:

- B CIIOKOHWHOHM cpene pacrpoctpaHeHusi Y3 curHaia (ydactok AB)
NPUMEHEHWE pylnopa CHIKaeT (uIykTyalmio aMIumTyasl  dddekTruBHEe
CIJIKMBAIOUINX aJITOPUTMOB, 4TO MPUBOIUT K yMeHbIeHnI0o CKO 1 noBbIeHnio
TOYHOCTH M3MEPEHHUH;

- mpu Bo3MymlIeHUsX cpenHeil mHreHcuBHocTH (BB m BIY) addekruBHOCTH
pyIOpa CHIKAETCS;

- I CHJIBHBIX BO3MYIIEHHUAX (ydacTok ['/]) ycraHOBKa pyropoB IPUBOANT K
yBemaennio CKO;

- YCTaHOBKa pPYIOpPOB YMEHBIIAECT KOJMYECTBO IIPOMAXOB, OJHAKO Ooiee
3QQEeKTHBHOE WX YCTpPaHEHHE OCYNIECTBIISICTCS TIPH IIOMOIIM MeEAMaHHON
¢$unpTpanumy;

- KOIMYECTBO OTCYETOB N, IO KOTOPHIM OCYIIECTBISIETCS CIIIaKUBaHUE,
cireiyeT moA0MpaTh ONBITHBIM ITyTE€M M MPENCTaBISIET COO0H KOMIIPOMHCC MEXITY
OBICTPO/IEICTBIEM M BENUYNHOM CITyJalHBIX MOTPEITHOCTEH.

I'padmkm, mocTpoeHHBIE IO JaHHBIM TabM. | IpUBENeHHI Ha puUC. 5.
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Puc. 5. 3aBucumocts CKO 0T urcia CriiaKuBacMbIX OTCUETOB.

Tabnuna
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| KOJIMYECTBO OTCYETOB, N
CKO 1 10 20 40 100 | 200 | 500 | 1000 | 2000
= | Os5 | 1,18 | 1,11 | 1,00 | 0,64 | 0,41 | 0,40 | 0,47 | 0,38 | 0,00
§ Oy | 3,14 | 2,81 | 2,73 2,50 | 1,77 | 1,01 | 0,45 | 0,00 | 0,00
a oy | 38,1 (21,4 |163 | 11,3 |8,91 | 7,63 6,73 | 6,98 | 4,07
S ory | 87,6 | 47,7 | 36,4 | 27,7 | 18,0 | 11,2 | 6,60 | 5,72 | 6,76
O | 432 4,13 | 4,05 3,652,774 |1,86 | 0,41 | 0,00 | 0,00
8 Og | 3,23 12,50 |2251,35|0,73 |{0,50 | 0,47 | 0,42 | 0,00
. E ogr | 82,0 | 15,7 | 11,1 | 6,91 | 3,72 | 2,85 | 2,25 | 1,64 | 1,06
8 g org | 379 | 109,8 | 29,4 | 22,7 | 14,8 | 10,6 | 6,37 | 2,82 | 0,66

BeiBoa. YibTpa3BykOBBIE HM3IIydaTeldd C OCTPOM HANpPaBIEHHOCTbIO MEHEE
noZiBEpKeHbI (prykTyaruu nHGOPMATHBHOTO CHI'HaNA, YeM HeHarpasieHHble. /s
HUX HMMEIOT MECTO NpPOMaxH, KOTOpBIE€ MOTYT OBITh YCTpaHEHBI NPHUMEHEHHEM
CIIXMBAIOUIMX ~ aNrOpUTMOB. Hawmyumiee  kadyecTBO — QUIBTpAlM Ui
YJIBTPa3BYKOBOTO YPOBHEMEPA B UCCIENOBAHUSX MOKA3a]l MEUAHHBIN aJITOPUTM.
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HccienoBanue MeTO0B YMeHblueHHs] (IYKTyauun HH(POPMATHBHOIO CHTHAJa MpPH
HM3MepEeHHH YPOBHS KHAKHX H CBHIIYYHX cpefl yJIbTpa3BykoBbIM cnocodom / E. A. Bopucenko //
Bicauk HTY «XIII». Cepist: CucreMHUii aHai3, ynpapIiHHs Ta iHdopmaniiai rexnomnorii. — X. : HTY
«XIII», 2013. —Ne ( ).—C.—. — Bibmiorp.: 5 Ha3B.

VY crarTi po3risiHyTO MpUYMHU (GIyKTyauii yacy, W0 MOTpiOeH YIbTpa3BYKY IJISl MOJOJIAHHS
BUMIpIOBaHOI BijncTani. HaBeneHi pe3yabTaTi JOCHIKEHb BIUIMBY HAIPaBJICHOCTI BHIIPOMIHIOBaYa Ta
npuiiMada Ha BenuduHy (uiykryamil. IIpoBeeHO MOCHTIMKSHHS SIKOCTEH 3IUIaJUKYBAaHHS KOB3HHM
cepeaHiM, Me[iaHHOrO Ta EKCIIOHECHIIaIbHOrO 3118 KyBaHb.

KirouoBi cj0Ba: ynbTpa3ByKOBHil BHMIpIOBaY piBHs, 30YpEHHs Cepeqyl PO3IOBCIOIKCHHS,
Me/liaHHE 3IJ1aKyBaHHs, CKCIIOHCHIIABHE 31UIa/UKYBaHH, KOB3HE CEPE/IHE.

Reasons of ultrasonic time-of-flight fluctuation in this paper are observed. Results of directivity
influence on fluctuation size are given. Antialiasing qualities of moving average, median antialiasing
and exponential antialiasing are explored.

Key words: ultrasonic level meter, propagation medium disturbance, median antialiasing,
exponential antialiasing, moving average.
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