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NPUMEHEHUWE B3BELLEHHOIO METOOA HAMMEHBLLUUX
KBAOPATOB NP NCCNEQOBAHUN ®YHKLUUU
NMPEOBPA3OBAHUA BUXPEAKYCTUYECKNX PACXOOOMEPOB

A.l. llanuH, A.M. Opyxkoe

[ITupoKo M3BECTHBIA METOJ HAMMEHBIIUX KBAJPATOB MMECT S OTPAaHHYCHHU IS
MPUMEHEHHUS B PErPECCHOHHBIX 3a/a4ax IPU MOCTPOCHUH MOJECICH M3MEPUTEIbHBIX Mpe-
oOpasoBateineil. HeoOXoauMo THIaTeIbHOE HCCACIOBAHUE MPEANOCHIIIOK €ro MpHMEHe-
Hust. YacTo TPYAHOBBIMONHHUMBIM OIPAaHUYEHHEM SIBISIETCS OJHOPOIHOCTh TUCIICPCHIA
U3MepsieMOi BEIMUMHBI HAa BCEM JMAla30He U3MEpeHusl. B cTaThe MCIOIb30BaH B3BEILCH-
HBIIl METOJl HAUMEHBIIUX KBaJPATOB MPU MOKMCKE MOJEIU (DYHKUUH OpeoOpa3oBaHUs
BUXPEAKYCTHYECKOT0 pacxojomepa. [IpoBeieHO CpaBHEHHE MOTYYEHHBIX PE3yIbTATOB C
METOZOM HaWMCHBIINX KBaApaToB. OTMEUEHO, YTO B3BEHICHHBIA METOJ HAWMCEHBIINX
KBA/IPaTOB Ja€T BO3MOXKHOCTh 00ECIIEUNTh 3aaHHbII KJIACC TOYHOCTU B ITHPOKOM JIHATIa-
30HE U3MEPECHUI MCCIICYEMBIX BUXPEAKyCTUIECKUX PACX0JOMEPOB.

Kniouesvie cnosa: euxpeaxycmuueckue pacxodomepol, (yHKYus npeoopazoeamis,
836CULEHHbILL MEeMOO HAUMEHbUUUX K8AOPAMOS.

Beenenne

B 3amauax momcka MaremaTmuecKux mopeneil QyHkumii npeodpazoBanus (PII) mamepuTenbHBIX
npeoOpasoBatenei (CeHCOpoB) (M3MYECKUX BEITUYMH TPAIUIIMOHHO UCTIONB3YIOT KBaIPATHUECKUN KPH-
Tepuit OJIM30CTH, KOTOPBIN peaausyeTcs depe3 MeToa HanMeHbImux kBaapatos (MHK) [1]. IIpu ucnomns-
30BaHUU JIAaHHOTO METO/Ia HEOOXOANMO COOJIIOIaTh HEKOTOPHIE MPEAMIOCHUIKH €T0 MIPUMEHEHUs, OJTHON
13 KOTOPBIX SIBISICTCS] OJTHOPOAHOCTD TUCIIEPCHI M3MEPsSEeMOl BeTHIMHBI Ha BCeM Auarna3zoHe Habiroe-
Huit [2]. OnHaKoO Ha MpaKTUKE TPU PEIISHUU HUCCIIE0BATEIhCKUX 3a7a4d YaCTO HAOII0aeTCsl HECOOITTo-
JIEHUE ATOro ycioBud. B Takux ciydasx 3agady noctpoeHus mojaend @I MoXHO peluTs myTeM Mpu-
MEHEHHUS B3BEIICHHOTO MeTo1a HanMeHbInX kBajapatos (BMHK) [3].

1. IlocTaHoBKa 3axa4yu

KoppekTtaoe npumenerne MHK Bo3MoxkHO Tipu cobmroieHnH psiia TpeOOBaHUM K allpHOPHBIM JIaH-
HBIM. BBINTOJTHEHNE HEKOTOPBIX W3 HUX HE MPEACTaBISICT MPOOJIEM ISl UCCIICAOBATENs, HO MPEIIOCHLI-
Ka B BHJIE€ OJTHOPOJHOCTH AMCIIEPCUN M3MEpsieMON BENWYMHBI (TOMOCKEIACTUYHOCTh) [3] Ha MpakTHKe
MOJKET HE BBHIMONHATHCA. [IpumepoM ciayxut 3amaya moucka Moaenu (GpyHKIMK MpeoOpa3oBaHHs BHX-
peaKkyCTUYeCKHX PacxoJOMEPOB € IIMPOKUM JUAa30HOM H3MEPEHHS.

Paccmotpum ocobennoctu npumenennss BMHK u cpaBHuUM pe3ynbTarthl TOCTpoeHUs (HYyHKIUH
npeoOpa3oBaHus PacxoaoMepoB AByMs pasnuunbiMu Metogamu: BMHK u MHK.

2. OcoOeHHOCTH NPUMEHEeHN s B3BEIICHHOI0 METO1a HAMMEHbIINX KBa/IPaToB

Ecnu mucniepcurst BBIXOAHOTO MapamMeTpa 3aBHCUT OT BEIHMYHMHBI BXOJHOTO (akropa (rerepockena-
CTHYHOCTB) [3], TO mepexo K TOMOCKETACTHYHOCTH MOYKHO OCYILIECTBHTH IPEOOpa30BaHUEM DKCIIEPH-
MEHTaJIbHBIX JaHHBIX, B YEM H 3aKIII0YAeTCs OTIAMYUTENbHAs ocobennocts BMHK.

[IpoaemMoHCTpUpYeM MOHATHE T€TEPOCKETACTUYHOCTH, TPOTHUBOIIOCTABHUB €0 KJIACCHYECKOMY CITy-
4aro, KOrJa JUCHEPCHs BBIXOJHOIO MapaMeTpa SBJISETCS BETUYNHON OAHOPOAHOM. B ciydae rerepocke-
JACTUYHOCTHU JTaHHBIX paclpesesieHre AUCIIEPCHH BBIXOJHOTO MapaMeTpa 3aBHCHUT OT BEIUYHHBI BXOJ-
Horo daktopa X (puc. 1).

[Iponenypa BMHK Bkirouaer B cebst onepauuto npeodpa3oBaHUe anpHOPHBIX JaHHBIX. PaccMoT-
pUM TIpUBEACHHE H3MEPAEMBIX JAaHHBIX K TOMOCKEAACTUYHOMY BHAY Ha MpHUMepe JTUHEHHON MojaemnH
OIT Buga (1)

rae by, by — mapaMeTpbl MOJICNH; y; — 3HAUYCHHS U3MEPSACMOi BEIMYMHbBI; X; — 3HAYCHHS BXOJAHOTO (hak-
TOpAa; & — CydaiHas omMOKa; [ — HOMep HaOMoAeH s (=1...n; n — KOJIMYECTBO HAOIIOEHHI B UCCIIe-

JIOBaHUH.
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Puc. 1. Mpumep pacnpeneneHns aucnepcumn BbLIXOAHOro NapamMeTpa:
a) cny4yan retepockefacTUYHOCTU AaHHbIX; 6) cryyail roMOCKe4acTUYHOCTU AaHHbIX

Ilycts o;

; — CTaHJapTHOE OTKJIOHEHHWE CIIy4alHOI OmMOKH & B i-M HaOmoaeHuu. B cirydae, eciu

U3BECTHO G;, MOKHO yCTPaHUTh FE€TE€POCKEAACTHYHOCTD, PA3JEIHNB KaX/10€ HAOII0IeHHE Ha COOTBETCT-
BYyIOIllee eMy 3HaueHue ;. Toraa aucnepcus npeacrasisercs B Buae (2)
2
pl &=L ey =21-1, 2)
i G O

Takum 0o0pazoMm, B pe3ynbTaTe 3TOW MPOIENyphl KaXAoe H3MEpeHHe OYyIeT UMETh CIy4alHYIo
OMMOKY C SAMHUYHOMN THUCTIEPCUEH.

IIpuMmeHeHre BBIIEONMCAHHOTO METO/Ia B 3HAUYUTENIBHOW CTENEHU OrPAaHUYEHO TEM, YTO Ha Ipak-
TUKe (haKTUYECKHe 3HAYCHUS o; Yallle BCETO HEM3BECTHHI. [laHHASI TPYAHOCTH MPEOI0JIeBACTCS C TOMO-
IIBIO BBIIBMYKCHHS THIIOTE3BI O TOM, YTO CYIIECTBYET HEKOTOpask BennuuHa (K), IpOonopIHOHABHAS 0; B
KaKJIOM HaOIrofcHUH. Ecin MMeeT MecTo TeHICHIINS JIMHEWHOTO BO3pAcTaHUs CIIy4aitHOW OMMUOKH & C
POCTOM 3HAYEHHUH X, TO MOXKHO BBIABHUHYTH MPEATOI0KECHHE O HAJTHMYUU MPUOIMKEHHON 3aBUCUMOCTH

BHa (3)
2 2
D(si)zcsl- =K-x;. (3)
UTo0bl YMEHBIINTH HEOHOPOIHOCTh NUCIEPCUH, pa3nennM obe dactu ypaBHeHus (1) Ha Xx;, 4TO
MIpUBEJIET K YpaBHEHUIO BUAA (4)
Vi*¥=by*+b, - x; *+¢;*, 4)
rae y;*=y;/x; ; bo*=bo/x; 5 x;*=1/x;; e*=¢;/ x;.
st mpeobpazoBanHON Monenu (4) nUCTepcust IOMEXH MpeIcTaBlieHa BhIpakeHueM (5).
2
D(g;*)=1/x? D(g;) = K. (5)
Paccmotpum 3a1aqy MUHHUMH3AIMHA CYMMBI KBQAPATOB OTKIOHEHUH IS MPe00pa30BaHHON MOIEIH
(4). llpumennM MeTOT HAUMEHBIIINX KBaapaToB [4]

2 2 2
n n yl 1 n 1 .
Z(yi*_bo*_blxi*) :Z __bo*_bl'; :z_z'(yf_bo*'x;_b1) =min. (6)
i=1 i=1 i i i=l1 i
O6o3uaunm w;=1/x";, Toraa ypasHenue (6) MOXKHO PEACTABHTH B BUE ypaBHeHus (7)
n
Zwi'(yi_bo'xi_bl)ZZmin' )

i=1
3amaya MUHUMH3AIMA CyMMBI KBaJpaTOB OTKIOHEHHH MAJs MpeoOpa3oBaHHOW Mozenu (4) paBHO-
CUJIbHA 3aJaue MUHUMH3AIUKN B3BEIICHHOW CYMMBI KBaJpaTOB OTKJIOHEHWH B mcxomHOW moxend (1).
MunuMu3anys B3BEIICHHOH CyMMBI KBaJpaTOB HA3bIBACTCSl B3BEIICHHBIM METOJOM HAMMEHBIINX
KBaJpaToB. BennunHa w; MHTEPIIPETUPYETCS KaK BEC, IPUITMCHIBAEMBIi KBaIpaTy OTKJIIOHEHHS B i-M Ha-
6moieHnn. JTOT Bec GyET TeM MeHbIIe, 4eM GObIle 3HAYeHHE X ;, KOTOPOE B CHJTy HAIIHX JOMYyIIe-
HHUH IPONOPLUUOHAIBHO AUCHIEPCHH CIIyYaiHOH OMIMOKY B i-M HaOJIIOCHUH.
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3. CpaBHeHHe pe3y/IbTATOB NIPUMEHEHUs] PA3IHYHbIX METOI0B

B pabote [5] aBTOpaMu ObUIM WCCIIENOBaHBI OAHO(PAKTOPHBIE MOJIENU (YHKIUI MpeoOpa3oBaHus
BUXPEAKyCTHYECKHX PAcXOJOMEpOB, IPUYEM B KadecTBEe HaMIydlleil BbIOpaHa JTHHEHHAas MaTeMaTHye-
cKast MozeIb (8)

QMO)leJII/I =b0 +b1 ‘f, (8)

rz[ef— qacToTa 06pa3OBaHI/I$I anpeﬁ, Fu; — 3HA4YCHUC pacxoJad, paCCHUTAHHOI'0 COTJIAaCHO MO-

QMO)leJH/I
JIETIH, M /4.

B pesynbrare aHanmm3a U3MEpPHUTENBHBIX JaHHBIX OBIJIO OTMEYEHO, YTO Ha OOJNBIIUX pacxoaax abco-
JIIOTHBIE 3HAYEHHsI TIOIPEIIHOCTH CYIIECTBEHHO OOJIbIIE, YeM Ha MajbIX. DTO JaeT OCHOBaHUE MPEIIo-
JIO’)KUTh T€TEPOCKENACTUIHOCTD AlIPHOPHBIX JAHHBIX [4].

Paznuune B anroputmax moucka moxaeneit BMHK u MHK 3aximouaeTcst B HaTMYUU WM OTCYTCT-
BUU OIEpaLH B3BEIIMBAHUS allPHOPHBIX JaHHBIX. (1 cpaBHEHUS KadecTBa padOTHl JBYX alfOPUTMOB
NPUMEHUM UX K OZHOMY M TOMY ke Habopy naHHbIX. Pe3ynbrarel ncnbsitanuit 10 pacxomoMepoB cBegeM
B TabnuIyy. JlaHHbIe MOTy4YeHbl MPU UCTIBITAHUH BUXPEAKyCTHYECKUX PACXOIOMEPOB B IIMPOKOM JIHara-
30He M3MEpPeHHUH (0T Qumax/100 10 Quax, TAE Quax —BEPXHUIA Tpezen u3MepeHus pacxoja). CepuiiHbie
WCTBITAHUS PACXOIOMEPOB MPOBOJATCA Ha ILITH PEXUMAX Pacxojia, JEKaIlUX B JAUANAa30HE M3MEPEHUS.
Hauwnnarot sxcriepuMeHT mpu GOJIBIINX 3HAYEHUSX PacXoa U3MepaeMon KHUIKOCTH (pexuM 1), 3aKaHuu-
BaIOT Ha MaJIbIX pacxojax (pexuM 5). B pe3ynbrare uCnbITaHUN MOMYYarOT 3HAYSHHS 3TAIOHHBIX PacXo-
10B ((,;) ¥ COOTBETCTBYIOIIME UM YACTOTHI 00OPa30BaHMs BUXPEH Y HCIIBITHIBAEMBIX PACXOJOMEPOB.

B xauecTBe mokasarelssi cpaBHEHHsI ABYX METOJOB pacueTa Mojenu GyHKUUU MpeoOpa3oBaHUs HC-
MI0JIb30BAaHA OTHOCHUTENIbHAS MOTPEITHOCTD, PACCUUTAHHAS COTJIACHO BBIpAKECHHIO (9)

QaT - QMOL[CIII/I

o= -100 %. )
CpaBHeHue ABYX MeTOA0B p:(T:qe'ra Ko3ppMUMeHTOB moaenu
CepwuiiHblit Merop pacueta 1 | 3 PeTHMH 5 acxoL[|a n | 5
HOMED MOJEeNIu
OTHOCHUTENEHBIE TOTPEITHOCTH U3MEPEHUs pacxoza, %
300.. 01 MHK 0,037 0,483 0,375 1,189 1,339
BMHK 0,168 0,442 0,020 0,503 0,246
300...02 MHK 0,030 0,404 0,105 1,151 1,363
BMHK 0,224 0,309 0,183 0,445 0,174
300...03 MHK 0,031 0,427 0,171 1,197 1,277
BMHK 0,201 0,352 0,123 0,500 0,221
300...04 MHK 0,067 0,956 0,376 1,901 4,608
BMHK 0,641 0,651 0,193 0,234 0,022
300...05 MHK 0,029 0,386 0,374 0,676 1,566
BMHK 0,200 0,300 0,086 0,049 0,034
300...06 MHK 0,031 0,419 0,016 0,872 2,985
BMHK 0,433 0,171 0,258 —0,151 0,152
300,07 MHK 0,015 0,233 0,351 0,388 0,293
BMHK 0,012 0,279 0,244 0,184 0,137
300.. 08 MHK 0,027 0,392 0,089 1,183 1,157
BMHK 0,149 0,353 0,145 0,599 0,245
300...09 MHK 0,017 0,262 0,361 0,397 0,449
BMHK 0,027 0,283 0,237 0,139 0,119
300...10 MHK 0,002 0,031 0,089 0,333 0,670
BMHK 0,140 0,145 0,082 0,455 0,251

MOXHO OTMETHUTb, YTO MOJIEIH, paccunTaHHble cormacHo BMHK, o01aaroT MEHbIIMMY MTOKa3aTe-
JISIMU TIOTPEIIHOCTH TI0 cpaBHEeHUI0 ¢ MHK, 0COOEHHO HATIISITHO ATO MPOCIEKHUBACTCS HA MaJIbIX pac-
xXo/aax.
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PazpabotaHHbI anropuT™M HaxoxAeHHs K03(Q(UIHEHTOB Moaenyd (GyHKIHH MpeoOpa3oBaHUs MO-
3BOJIIET OOECHEYMTh 3aJaHHBIM KJIacC TOYHOCTH PAacXoJoMepa B IIMPOKOM [HANa3oHEe H3MEpEHUs.
Crangaptasii MHK npu ucnonb3oBaHuu TOM jke MaTeMaTH4eCKOH MOJEIH He Bcernaa oOecredrBaeT
MAaKCUMAaJIBHO JOIyCTUMBIE IOIPELUIHOCTH HA MaJIbIX PaCX0oJax.

3axioueHue

[Ipu pemennn 3a1a4, CBI3aHHBIX C OCTPOCHUEM MAaTEMAaTHYECKUX Mojenel GpyHKImu npeodbpaszo-
BaHMs M3MEPHUTEIBHBIX MpeoOpa3oBaTesieil (CEHCOPOB), OTKJIOHEHHE OT MPEANOCHUIOK HCIOJIB30BaHMUS
MHK npuBoauT K HEOAHO3HAYHOMY TOJIKOBAHHUIO MOJYYEHHBIX MapaMeTpoB Mojeiu. TouHee ompene-
JUTHh TIApaMeTPbl MOJENH, MOCTPOEHHOW Ha OCHOBAaHMHM T'€TePOCKEJACTHUHBIX NaHHBIX, MO3BOJISET
BMHK.

ABTOpaMu npoBeneHO cpaBHeHHE pe3ynbraTtoB npuMmeneHns MHK 1 BMHK u nokasano npeumy-
IIECTBO MOCJICAHETO AT 331a41 TOMCKa ITapaMeTpoB MOJEIH (DYHKIIMH IPeoOpa3oBaHusl pacXxol0MEpOB
C IIMPOKHUM JHANa30HOM U3MEPEHMUSL.

Panee aBropamu [5] ObUT caenaH BBIBOJ O HEOOXOAUMOCTH UCCIEAOBaHUS ABYX()aKTOPHON MOJETH
(yHKIMU TpeoOpa3oBaHUsl BUXPEAKYCTHUCCKHX pacxooMepoB. C ydeToM Mpe/cTaBlIeHHBIX HUCCIENO-
BaHUI CJIeyeT OTMETUTh, YTO TIOUCK MapaMeTpPOB MOJIETH HEOOXOAMMO OCYIIECTBIISITh C IPUMEHEHHEM
BMHK.
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USAGE OF WEIGHTED LEAST SQUARES METHOD CONVERSION
FUNCTIONS FOR VORTEX SONIC FLOWMETERS RESEARCH
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The least squares method has a number of requirements for usage in regression tasks
in model-building for measuring meters. Careful research of its usage prerequisites is re-
quired. The homogeneity of the measured values on the whole measurement range is dif-
ficult limitation to make often variances.
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The weighted least squares method is suggested to use for conversion function model
building of the vortex sonic flowmeter and to compare results with least squares method.
It is noted that the weighted least squares method is able to provide accuracy in a wide
range of vortex sonic flowmeters measurements.

Keywords: vortex sonic flowmeters, conversion function, weighted least squares me-
thod.
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