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The article is devoted to improving the methods for building throttle diagrams of gas-hydrodynamic measuring trans-
ducers of physical and mechanical parameters of fluids. The authors reviewed modern throttle transducers of various
parameters, built on different diagrams, with different numbers and types of throttle elements, with different output sig-
nals. We established that the goodness of the measuring transducer is determined both by the structural diagram and the
design characteristics of the throttle elements of a specific measuring diagram. The article proposes using structural
synthesis with parametric optimization to achieve the specified characteristics of the gas-hydrodynamic transducers.
The aim is to develop an effective method for building throttle diagrams of gas-hydrodynamic measuring transducers of
physical and mechanical parameters of fluids using structural optimization of diagrams and to evaluate each diagram
using parametric optimization methods with the appropriate criterion that quantifies the goodness of the measuring
transducer.

To achieve this goal, the authors analyzed the criteria and resources of structural and parametric optimization of gas-
hydrodynamic transducers. In particular, the following resources of structural synthesis of measuring transducers’ dia-
grams are analyzed: diagram order and throttle arrangement, type of throttles, output signals, supply mode of the trans-
ducer. Approaches to parametric optimization of throttle diagrams are offered: based on the mathematical model, one
defines the objective function, forms restrictions on variable and fixed values, substantiates optimization parameters,
chooses the optimization method.

As a result of the research, the authors developed a technique for structural and parametric optimization of gas-
hydrodynamic measuring transducers, making it possible to synthesize throttle diagrams and build mathematical models
of transducers of specific parameters of the fluid with optimal characteristics.

Keywords: structural synthesis; parametric optimization; throttle transducer.
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Jlepoicasni emanonu € 0cHo8010 MexHiuHOl b6asu 0epocaroi mempono2iunoi cucmemu. CmeopeHHs: 0epiHCcasHO20
NEepBUHHO20 eMAaloOHy OOUHUYI CUTU BUPIULYE MAKI 3A60AHHA, AK 3a0e3neyeHHs €OHOCMI BUMIPIOBAHb CUNU, NepedasaHHs
PO3MIpY 00unuyi cuau iz HeoOXiOHOI MOUHICIIO, MEMPOIOciuHe 3a0e3NeUen s YUCIeHH020 NAPKY POOOYUX emaloHi8 i
pobouux 3acobi6é BUMIPIOBATLHOI MEXHIKU, WO 3ACMOCO8YIOMbCA 8 YKpaini ma kpainax onudxcubo2o 3apyoiscoicsa. Qo-
HUM 3 OCHOBHUX emanie CmeopeHHs 0epAuCA8HO20 eMAaNOHd € PO3POOKA MameMamuinoi mooeni npoyecy 8i0meopeHHs
po3mipy oounuyi @isuunoi eeruyunu, a came H — nvtomona. Cunogiomeoproroui ycmaHo8Ku, Wo 3dCmoco8yiomsvcs Ka-
OPY8aANbHUMU TAOOPAMOPIAMU AK NPABUILO, NPOCMENCYIOMbCA 00 HAYIOHAbHO2O0 emAlloHi8 Yepe3 38ipeHHs 3a 0ono-
MO2010 NpeyusitiHuX nepemeoproeayis Cull.

Kaniopysanus cunosumiproganvrux npuiadis, K npasuio, 6yoe nposooumucs Ha Yux YCmaHo8Kax ionosioHo 00
dokymenmoeanoi npoyedypu, Hanpukiad 1SO 376, i cknadosi noXubKu ma HegU3HAYEHOCMI Pe3yIbmMamie KaiiopyeanHs
6y0ymob 3anedcamu 6i0 KAOPY8ANbHUX MA BUMIPIOBATLHUX MONCIUBOCEN YCTNAHOBOK 8IOMBOPEHHS POIMIDY 0OUHUYI
cunu. Ananociuno, noxubxa pe3yibmamis SUMIPIOGAHHS NPU KANIOPYSBAHHSI NPOMUCIOB020 OONAOHANHSA, WO BUMIPIOE
cuny, Oyoe 4acmko8o 3anexcamu 8i0 HegU3HAYeHOCMI Ma NOXUOKU, WO GUHUKAE GI0 NPUNAOY 0151 GUMIPIOGAHHS CUTU, §
noxubKu 6y0b-1K020 HOOANLULO20 BUMIDIOBAHHSL CULU YACMKOBO 3ANEAHCAMUMYMb 80 NOXUOKU, NOG'A3AHOI 3 8i0MEOpeH-
HAM OOUHUYT CUTU, Y THOMY YUCTL | HAYIOHATLHUM emAaloHoM. Mooxcna nomimumu, wo noxubka ma HesusHaA4eHicmb
0CMAamMo4HO20 SUMIPIOBAHHS CUU 3ANEAHCUMb BI0 YCIX NONEPEOHIX emanie sUMIPIOSanHs, i Ys poboma mMac Ha memi 0a-
mu pexomeHOayii uyo0o mozo, K MONCHA OYIHUMU Yi BHECKU.
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Memoro 0anoeo 0ocniodcentss € anaiz CKIA008UX ROXUOKU O6A2amoBadiCiTbHUX CUTOBIOMBOPIOIOUUX YCMAHOBOK, UjO
6X005mb 00 CKIAOY 0EPIHCABHO20 emAalloHd. Y pobomi Npoananizoeano mMemoo GiOmeopenHts, 30epicanHs ma nepeoayi
PO3MIPY OOUHUYI CUTU, YCIMAHOBKAMYU BANCIILHO20 NIOCUTIOBAHHS, SIKI MOJICYMb 3ACMOCOBYBAMUCS Y AKOCMI eMAIOHHUX
MEMPONOIYHUMU THCIUMYMAMU MA KAAOpyeaibHumMu 1abopamopiamu. Posenanymo ocHoeHi npunyunu pobomu 3a3Ha-
YEHUX GULYe eMATOHHUX YCHAHOB0K MA CIMBOPEHO MAMEMAMUYHY MOOeIb BI0MEOPEHHS PO3MIPY OOUHUYI CUTU.

Knrouosi cnosa: cuna; 6umipiogants; noxubxa GUMIPIOSAHH; BAJICITbHA YCMAHOBKA; MAMEMAMUYHA MOOETb.

Beryn. ITocTanoBKka mpodJieMu

Baxko Ha3BaTH Tany3b BHUMipIOBaHb, OiJbII 1MO-
MUpEeHy y CBiTi, HI)X BUMIPIOBaHHA MacH y Haylli,
MIPOMHUCIIOBOCTI, TOPTiBIi, MoOyTi. OCHOBOIO YCIiX Cy-
YACHUX BAarOBHMIPIOBAILHUX MPWIAJIB € MEPETBOPIO-
Baui cwu [1].

BpaxoByloun Takox TpaaMLiiiHI rary3i BUMipro-
BaHb CHJIM IIiJ{ YaC BH3HAYCHHS XapaKTCPUCTHK MIill-
HOCTI MarepialiB, JOCTIUKEHb CHII TSATH ABUTYHIB y
AepOKOCMIYHIN Tayry3i Ta aBiauiiiHii MPOMHUCIOBOCTI
TOIIO, CTAa€ 3PO3YMIJIOI0 BAKIUBICTH 3a0€3MECUCHHS
€IHOCTI BUMIPIOBaHb CHJIM Yy KpaiHi. Ilicis po3mamy
Pansuacekoro Coro3y AepKaBHUN TIEPBUHHUN €TaJIOH
omunuti cunmu CPCP nepeiiioB y BiacHicTh Pociiich-
koi @enepartii. PakTnyHO YKpaiHa 3aMHINIWIACHE 0e3
CUCTeMHM 3a0e3IeUCHHsI €IHOCTI BUMIPIOBAHHS B Tajy-
31 CHJIM Ta He3aJIeXKHOCTI 11 BiJl 30BHIIIHIX (aKTopiB, y
TOMY 4HCIi 1 moniTHuHUX. OTXKE CTBOPCHHS HAIliOHA-
JIBHOTO €TaJIOHY OAMHUII CHJIM Ta MOOYA0Ba CHCTEMH
3a0e3MeUeHHs €HOCTI BUMIPIOBaHb MUISXOM HEPO3-
PHUBHOTO JIAHIIOTA KaJIiOpyBaHb BiJl €TaJIOHY POOOYMM
3aco0aM BHUMIpPIOBAJIBHOT TEXHIKH € BaXKIIMBOIO 3aja-
Yero JJIs1 TPOMHUCIIOBOCTI 1 eKOHOMIKH Y KpaiHu.

Ha npakTturii jisi BUMiprOBaHHSI CHJIM 3aCTOCOBY-
I0ThCS JJUMHAMOMETPY — TIPWIAJIH, IO YMOBHO CKJIaja-
IOTBCSL 3 TIPY)KHOTO €JIEMEHTa Ta BiJUTIKOBOTO IPH-
ctporo. CydacHi AMHAMOMETPH ITO3BOJISIIOTH BHUMIpIO-
BaTh 3HavyeHHs cwim a0 50 MH. Jlna kaniOpyBaHHS
JIMHAMOMETPIB BUKOPUCTOBYIOTHCS €TaJIOHHI CHIIOBIIT-
BOPIOIOYI YCTAHOBKH PI3HMX KJIAciB, SIKi BIATBOPIOIOTH,
30epiratoTh Ta MepearoTh pO3Mip OJUHUILI CHIH [2].

Mertot0 poOOTH € CTBOPEHHSI MaTeMaTHYHOI MO-
JieTIl BIATBOpEHHs!, 30epiraHHs Ta neperaBaHHs po3Mi-
Py OIVMHHUII CHJIA Ta aHAN3 CKJIAIOBUX MOXHOKU CH-
JIOBIATBOPIOIOYMX YCTAaHOBOK 0araTOBaXKiJIbHOTO KJia-
Cy JUIsl OAAJBLIOT0 CTBOPEHHS ACPIKABHOTO €TATOHY
OJIMHUIII CWJIH Y JTiaria30Hi BIATBOPEHHS OJUHUII CHIIH
o 200 xH.

BusHaueHHsI TEpMiHY cHJIa

OCHOBHHUMH CHJIaMHA B MEXaHIlll € Bara, cujia
NPY>KHOCTI, CHJIa TEpPTs, CHJIa TSOKIHHS, CHJla peakil
oropH, cwiia ApxiMesa Ta iHII 3yMOBIIeHI 1BoMa (y-
HIAMECHTATLHUMHU B3a€EMOJISIMU — T'PaBiTAlIHHUMHA Ta
enekTpoMarHiTHuMu. [Ipote, 3amuc KOpeKTHuX (op-
MyJ Ui OOYUCIICHHs X cui (0COONMBO HAa OCHOBI
3aKOHIB CJICKTPOMArHETU3MY) € HAJ3BHUYANHO CKIIAJ-
HOIO MaTeMaTHYHOIO 3a1a4dero [3].

B MexaHnimi 111 BU3HAYCHHS TaKUX CHJI BUKOPH-
CTOBYIOTH (DOPMYJIH, SIKi € PE3yIbTATOM CKPYITYJIbO3-
HUX CKCIIEPUMEHTAIbHUX JOCIIIKEHB; B IUX (HopMy-

JIaX eJEKTPOMArHITHI B3a€EMOJIIi «3aX0BaHi» B KiHeMa-
TUYHMAX Ta AWHAMIYHUX XapaKTepUCTHKAX Tijla Ta ce-
PENOBHUINA, y SKOMY TiIO 3HAXOMUTHCS. JI0 IUX MOXi-
JTHUX CHJI BITHOCUTBCS Bara — CHJIa, 3 SIKOO TiJIO, BHA-
CIIIOK MPUTATAHHS 10 3eMIIi, Zli€ Ha ormopy abo po3-
Tarye miaBic. Skmo omopa (migBic) Hepyxoma abo
PYX@€EThCSl PIBHOMIPHO 1 MPSIMOJIIHIHHO BiTHOCHO 3e-
MJIi, TO Bara JIOPIBHIOE CHJII TsOKIHHS. SIKIo omopa €
TOPU30HTAIBHOIO, TO Bary MOXHA O3HAYUTH 1 K CHITY
MIPY>KHOCTI Y B3aeMOJIIi Tija 3 omopoto. Skmio omopa —
MoXWJja TUIONIMHA, TO Bara Tijla — PIBHOMIHHA CHIH
NPY>KHOCTI 1 CHJTM TEPTS CIIOKOIO, 3 IKUMH TUIO JIi€ Ha
oropy. BB obepranHs 3emiii Ha Bary Tijia € HECyT-
TeBuM [4]. Cama Bara € OCHOBHOIO JUISl CTBOPEHHS
BCIX CY4aCHHUX CHJIOBIITBOPIOKOUUX YCTAHOBOK Pi3HUX
KJIaCiB, y TOMY YHCIIi 1 BAXKUTbHUX.

V cywacHiii METpOJIOTIUHI MpaKTUIll BUIIA TOY-
HICTh BIITBOPEHHS OJIWHUIII CWIH 3a0e3meuyeThbes
YCTaHOBKaMH Oe31ocepeIHbOr0 HaBaHTAXKEHHS, PO3-
IIMpEHa BiIHOCHA HEBU3HAYCHICTH SIKMX Ha PiBHI Ha-
unioHanpHUX eTanoHiB He nepesuinye 0,001 %. Takox
y SIKOCTi HAI[IOHAJBHUX CTAJIOHIB OJMHUII CHIIU IIIH-
POKOT'0 3aCTOCYBaHHS HaOyNnM BaXKiJbHI CHJIOBOBIIT-
BOPIOIOU] YCTAHOBKH. 3aBASKH 3aCTOCYBAHHIO BaXCIIiB
i3 pI3HUMH JOBXXMHAMHU IUIIY BJIacHI rabapuTu Ta Maca
TaKAX MAalliH 0aratopa3oBO MCHIIE, HDK YCTaHOBOK
6e3mocepeTHFOTO HABAHTAKCHHS U aHAIOTIYHHUX
3HauYeHb BiITBOPIOBAHUX 3HAYECHb CHJIH, IO 1 TIOCIIPH-
SUT0 IIMPOKOMY 3aCTOCYBAHHIO TaKMX MaIlvH. BimHo-
CHa PO3IIMPEHa HEBH3HAUEHICTh BaXKiIIBPHUX MAaIIWH
moske ctanoBuTH Big 0,01 go 0,05% [5].

B VYkpaini MeTpooriuHi Ta TEXHIUHI XapaKTepH-
CTHKH CTAJIOHHUX CHJIOBIITBOPIOIOYHX YCTAaHOBOK
Oy pernameHToBaHi crangaptrom CPCP [6] 31 3Mi-
Horo Ne 1 Bix 28.06.1998. BiamoBimgHO 10 IIOTO CTaH-
JApTy JUIS MalliH HOPMYIOTHCS TaKi OCHOBHI METPO-
JIOT1YHI MapamMeTpu: MeXIi JOMyCTUMOI BiTHOCHOI Io-
XHUOKHM uepe3 BaxinbHy cucremy - 0,12% a6o 0,2%;
CHUCTEMaTHYHa CKJIa/I0Ba MOXMOKH: HEe MOBHHHA IIEpe-
BumyBatu 0,06% a6o 0,12%; cepenniii KBaApaTUIHHNA
BIIXMAJI BIMHOCHOI BHIAAKOBOI CKJIAZOBOI ITOXHOKH
(CKB): ne noBurno nepepuiyBaTta 0,05% abo 0,1%
SIBHO 3aHFDKEHI Ta 3acTapiji BAMOTH JI0 TOYHOCTI Ba-
KITPHUX YCTAHOBOK IOSICHIOIOTBCS JABHIM TEPMiHOM
PO3pOOKH ILOTO CTAHAAPTY Ta BHECCHHSI O HBOTO
3MiH. Y TO# mepiox y kpaiHax kosumHboro CPCP
Oyni BiZICYTHI IEpEeHOCHI 3aco0u mepenadi po3Mmipy
OJIMHMIII CHJIHA 3 HEOOXIIHOI0 TOYHICTIO 3a JIOIIOMOTI'OI0
SIKHX MO)KHa OyJyio O migTBEpIUTH OUIBII BUCOKY TOY-
HicTh BaxinbHUX MamuH. [lle B 1972 pomi omy6uiko-
BaHa poOoTa [7], B sKili MPOBENEHO TEOPETUIHUH aHa-
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JIi3 JDKepe MOXUOKU BiITBOPEHHS CHJIM BaXKiTbHUMH
MaIlllMHAMH 1 JIOBEJCHO MOXJIMBICTh 3HUKCHHS 3Ha-
yenHs CKB go (0,01-0,03) %.

PiBHAAHHS BUMIpIOBAHHSA CHJIH

PosrisHeMo mMaremaTHyHe PiBHSHHS BiIATBOpEH-
HS pO3MIPY OIMHHII CHJIM CHJIOBIITBOPIOIOYMMH
YCTaHOBKaMHU 0araTOBaXXiIbHOTO Kiacy. 3HaYCHHS
CHJIH, IO BiATBOPIOIOTHCSI YCTAHOBKAMH HaBAHTAXKCH-
Hs BaxinpHOTO Kiacy LTM2T ta LTM20T, Bu3Hava-
I0ThCs 3a (popmyIoro:

F=f(m, :0:t0;p ), (1)
o p)lOK
F=m, kLD 1—p— , ()

ac m

e, — Maca yMOBHHX Mip CHII, KI; Q — mepejia-
BaJIbHE BiTHOIIEHHS BaXiJbHOI CHCTEMHU MEPBUHHOTO
eTaJioHa; g — MPUCKOPEHHS BUTBHOTO MAIiHHSA y MiCIIi
BCTAHOBJICHHS €TAJIOHY BH3HAY€HO YNOBHOBA)XEHOIO
opranizauieto — Incruryrom reodizukn HAH VYkpai-
uu, M. Kuis — 1 ckmamae 9,81056 m/c? 3 TPaHUYHOIO
MOXHOKOIO BU3HAYCHHS iei BEJIMYUHH
+0,00001 m/c’; p,,, — rycTHHA TIOBITPS, KI-M " p,, —
8000 kr/M’ — rycTMHa MaTepiany Mip CHIH (YMOBHO
puitHsITe 3HaYeHHs 3a [8]).

['yctuHa mnoBiTpsi BuU3HAa4yaeThcs 3a (HOPMYIIOO
CIPM, mio HaBeaeHa B nonatky E [9]:

_0,34848p —0,009 [ 2"
(273,15+1)

ne p — atMocepHuid THCK, rlla; ¢ — BiZHOCHA BOJIO-

; 3)

ricTh NMOBIiTps, %; ¢ — Temieparypa nositps, °C.

[incraBmsroun popmyiny (3) B (2), oTpuMaemo
MaTeMaTHYHY MOJIeTh BiITBOPEHHS PO3MIPY OJMHHIII
CHJIN y 3arajJbHOMY BUTJIA[I:

0,34848 p —0,009pe"*"
(273,15+1)p,,

ne Ay — moxubka MpOCTEeKYBaHOCTI, SIkKa BU3HA-
4aeThes 32 POPMYIIOL0:

A =06t [F, (®)]
ne 0 — HeBWIIyyeHA CHCTEMAaTHYHA CKIIAJ0Ba MOXUO-
Ku; t; — koedinient CThIofeHTa; S — BUMAaKOBa CKJIa-
JI0Ba IMOXHOKHU.

VY cBoo Yepry, AJs BUSHAYCHHS TPaHUIb BiTHO-
CHOi HEBMIIYYEHOI CUCTEMATHYHOI CKJIaIOBOT TOXHOKU
JUTSL KOJKHOTO CTYICHS BIITBOPECHHS PO3MIpPY OJUHHMILL
CHJIM MOXKHA 3aIIHCaTH:

F = m}m.c.gQ 1_ * A”‘ ’ (4)

o, =¢1,4G1—D26im,. =almm Py
F, “~ox om og °¢

+almg +aim +ai|]l +aim,, ©6)
00 op " d¢ °* ot
Ae F; — 3HaueHHA PO3MIPY OJMHMIUI CHJIM, WIO Bif-

TBOPIOETHCS YCTAHOBKOIO HA j-MY CTYIICHI.

Busznavennsi macu ymoBHux Mmip cuia ta CKB
BUIA/IKOBOI CKJAJ0BOI MOXHOKH pe3yabTaTy BHMi-
PIOBaHHSI MAaCH YMOBHHUX Mip cHiIn

3a 101oMoroo J1abopaTOpHUX Bar €TajJOHHUX 2-
ro po3psiay (nasi - KoMIapaTop) Ta THp eTalOHHUX 2-
ro po3psay BiIIOBIAHUX HOMIHAIBHHX Mac IPOBO-
JUITBCSL BUMIPIOBaHHS MacH yYMOBHUX Mip CHIIH, 32
METOJIMKOIO, ITIepen0adeHo0 A JAaHOTO THUILy Bar.
JInst K0’KHOT YMOBHOI MipHM CHJIM BHKOHYIOThCS 10
MOCITIZIOBHUX 3BaXKyBaHb. J[JI1 KOXKHOI YMOBHOI MipH
cH OOUYHMCITIOEThC i1 Maca, SK CepeaHE 3HAYCHHS
pE3yNbTaTiB BUMIPIOBaHb, 32 (DOPMYIIOIO:

J— 1 n
Mync.j =— @ my,w.c.ij > (7)
n iz

e m — Maca yMOBHOT MipH CHJIM i-My 3Ba)KyBaH-

ym.c.ij
Hi; n — KUIBKICTb BHMIPIOBaHb Macu YMOBHOI MipHu
CHJIH.

CKB pesynbrary BEUMIpIOBaHHS MacH yMOBHHUX
MIp CHIIH, B KT, OOYUCITIOETBCS 32 (POPMYIIOIO:

2
n=10

m ~ Mywc.j

ym.c.ij

S, =42 . 8
g ®)

BuszHayeHHsi mepeAaBaJbLHOIO BiIHOLIEHHS
BaxkiabHOI cucremu Ta CKB pesynstary BHMipIo-
BaHHSl NepelaBajlbHOr0 BiHOWIEHHS BaXiJIbLHOL
cHCTEeMU

[epenaBanbHe BiJHOIICHHS BaXUILHOI CHCTEMU
BU3HAYAETHCA OE3MOCEpeHIM HABAHTAXECHHSAM CHIIO-
BIITBOPIOIOYO] yCTAHOBKM: [UIS YCTAHOBKM HaBaHTa-
skeaHst LTM2T y Toukax 200 kr, 400 xr, 600 xr,
800 xr, 1000 r, 1200 xr, 1400 xr, 1600 xr, 1800 T,
2000 xr, mns ycraHoBku HaaHTaxeHHS LTM20T y
toukax 2000 kr, 4000 xr, 6000 kr, 8000 kr, 10000 xr,
12000 kr, 14000 xr, 16000 xr, 18000 kr, 20000 kr.
Jlyiss BU3HAYCHHS IEpe/aBajJbHOTO BiJHOIICHHS BaXKi-
JIBHOT CUCTEMHU BHKOPUCTOBYIOTBCS €TANOHHI Tupi M1
3a [9] po3psny HOMiHATBHO Macoro 20 Kr 3arajibHOI0
Macoro 20000 kr. JlificHe 3HaYEHHsSI MacH SKHX IOTIe-
pEenHBO BH3HAYAETHCS 33 JOIIOMOTOIO Barm Jraboparo-
pHO{ 2-TO po3psay (KoMIaparopa) Ta €TATOHHOI THpi
2-r0 po3psALy HOMIHATLHOIO Macoro 20 kr. JIns mporo
HEOOXiTHO PO3MICTUTH PIBHOMIPHO Ha JBOX ITiJIIO-
HaX, SKi pO3TalIOBYIOTHCS CUMETPUYHO BiJHOCHO CH-
JIOBIATBOPIOIOYOT TIAT(HOPMH 32 JOMTOMOTOI0 KOPOMHU-
cjla, HEOoOXiJHY KIiJBKICTh TMp €TaJOHHHUX, IIOIepe-
AHBO BH3HAYMBLUM iX JIHCHY Macy m]', BDIBHOBaKy-

04d iX Ha JOBrOMY IUIedi HEOOXiTHOIO KiIBKICTIO
YMOBHHUX Mip CHJIM Ta THpP €TAIOHHHUX 2-TO PO3PSIy
(Maca yMOBHHUX Mip CHJIA Ta TUP HEOOXi1MHUX IJIS BPi-

BHOBa)XEHHS BaXKUJIBHOI CUCTEMU mff’ 3aHOCUTLCA 10

MIPOTOKOJTY aTecTallii), TOKM MOKAKIUK PIBHOBArd He
BCTaHOBUTBHCS Y HYJIbOBOMY MOJIOKEHHI.

[Ipn BU3HAYeHHI TIepenaBajbHOTO BiIHOIICHHS
BaXiJbHOI cHCcTeMH BHKOHYIOTH 10 cepiif cmocrepe-
JKeHb (HoMepa cepiil mo3HaudarTh iHaekcoM 7). Koxna
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cepist crocTepekeHb MICTHTh 10 5 BUMipioBaHb Ha 10
PIBHOMIPHOPO3IOIUICHUX CTYMEHSIX HABAHTAXCHHS
NPY 3pOCTaHHI Ta 3MEHIIICHHI HaBaHTa)xeHHs. Homepa
CTYIICHIB HABAHTAXXCHHS MO3HAYAIOTHCS IHICKCOM j.
[Ticns koxxHOI cepii crocTepekeHb NEepeBIpsIIOThH I10-
BEPHCHHS IOKA)XYHMKA PIBHOBArM B HYJLOBE IMOJO-
JKCHHS. 3a HEOOXIJHOCTI BCTAHOBIIOKOTH MOJOXCHHS
pIBHOBaru TapyBaJlbHUM IPHCTPOEM. 3a pe3ylibTaTa-
MH BHUMIPIOBaHb BU3HAYAETHCS 3HAUCHHS IE€pe/aBalib-
HOTO BIJHOIIEHHS BaXKIIBHOI CHCTEMM €TajloHa 3a
dhopmyoro:

—_ J

Q,=—2, C)

m ji

ni . . .
Ae m; - maca rup Ha I1athpopMi Ha j-My CTYIICHI, K}
6p
Ji
JUTSI BpiBHOBaYKEHHS TIATGOPMHU Ha j-MYy CTYIIEHi, KT.

3HadeHHs TepeaBabHOTO BiJHOIICHHS YCTaHO-
BKM BXUIBHOI HA j-MY CTYINCHI HABAHTA)KCHHS BH3HA-
4aeThesl K cepeaHe 3 10-TH psmiB CIIOCTEPEKEHD 3a

¢dopmyoro:

m? — Maca yMOBHHX MIp CHJM Ta T'Mp, HEOOXIJIHUX

_ 1 &
0,=-1.0,. (10)

CKB pe3ysibrary BHMIpIOBaHb HepelaBajIbHOTO
BIJIHOLICHHSI BaXKIJIbHOT CHUCTEMHM BH3HAYAETHCS 3a

hopmyoro
n=10 \?
(Qij _ij
i=1 .

n(n—1)

(1)

Bu3HayeHHsT HEBWJIYYeHOI CHCTeMATH4YHOI
noxuoxu (HCII) npu BiaTBOpeHHi OqUHUL CHJIH
HeBunyuena cuctemaTwmdHa MOXHWOKa TMPH Bif-
TBOPCHHI OJMHUIl CUIIM, OOYMOBIICHA TOXUOKOI BH-
3HAYCHHS Macd YMOBHHX Mip CHJIM, BH3HAYa€ThCS 32
¢dopmyioro:
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HeBuiyuena cuctematudHa MoxuOKa MpH BiJ-
TBOPEHHI OJMHUI CHIIM, OOYMOBIICHA TOXUOKOI BH-
3HAYCHHS MPUCKOPEHHS BUILHOTO MAJiHHS, BH3HaYa-
€TBCS 32 (HOPMYJIOI0
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HeBunyuena cucremaTnmdHa MOXHWOKa TMPH Bif-
TBOPECHHI OJWHUII CHJIH, 0OYMOBJICHA ITOXHOKOIO BH-

3HAUCHHA TIEpeAaBaibHOTO Bi,HHOHIeHHﬂ BaXK1JILHOT
CUCTCMH, BUSHAYAETHCA 3a (bOpMyHOIOZ
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ne Am™ — moxuOka BU3HAYCHHsI Macu TMp Ha IUIaT-
dbopmi; Am® — moxnOka BH3HAUYEHHS Macd YMOBHHX
Mip CHJIA Ta THpP, HEOOXITHUX JIJIsl BPIBHOBKEHHS THP
Ha iatdopmi.

HeBunyuena cucrematnyHa MmoxXuOKa IMpH Bij-
TBOPEHHI OJIMHHUIII CHJIA, OOYMOBJICHA TTOXHOKOK BU-
3HAYCHHS aTMOC()EPHOTO TUCKY, BH3HAYA€ETHCS 3a (o-
PMYJIO0
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HeBunyuena cucrematnyHa MmoXuOKa NP Bij-
TBOPEHHI OJIMHHIII CHIIM, OOYMOBJICHA TTOXHOKOK BU-
3HAYCHHS BITHOCHOT BOJIOTOCTI IMOBITPs, BU3HAYAETHCS
3a (OpMyJIOI0:
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HeBmiyuena cuctemMaTwdHa IMMOXHOKa TPH Bill-
TBOPEHHI OJIMHUIII CHJIH, OOYMOBJICHA TTOXHOKOIO BH-
3HAYCHHS TEMIICPATypU TMOBITPs, BH3HAYAETHCA 3a
¢dopmyinoro:
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3a HEBWIYYCHY CHCTEMAaTHYHY NOXHOKY mep-
BHHHOTO €TaJIOHAa TPH BIATBOPEHHI OJWHHII CHIJIH
gepe3 BaXKUIbHY CHCTEMY TIPUHAMAETHCS HaWOIIbIIe
sradeHHst HCII i3 yciX CTyImeHiB BiqTBOPEHHS OMHM-
IIi CHITH.

= m}m.c.gQ
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Busznauennsn CKB pe3yabTary BuMipioBaHb
NPH BiATBOPEHHi OAUHULI CHIIU

CKB pesynbrary BUMIpPIOBaHb IIPH BiJTBOPEHHI
OJIMHUIII CHUJIM Ha KOKHOMY j-My CTYIEHI BiATBOPEHHS
BU3HAYa€eThes 32 GopMyInoro:

-
Zor®

2 [000%, (18)

e —f — YaCTKOBA IOXIJHA M0 Y; -Tiil BXIAHIA BEIU-
oy,
YYHI; SI.? — CepeHii KBalpaTHUHUHN BIIXWII i-01 BXifI-
HO1 BeJIMYMHHM Ha j-MY CTYICHI BiITBOPCHHS.
CKB pe3ynbTaTy BUMIpIOBaHb MacH YMOBHHX
Mip CHJIM BU3HAYAETHCS 33 (POPMYIIOIO:
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CKB pe3ynbraTy BHMIpIOBaHb IEpEIaBaIbHOTO
BiJTHOIIICHHS BAXXUIbHOI CHCTEMH BH3HAYAETHCA 32
dhopmyoro

”2 (Q,-j B Q./‘j
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CKB pesynbrary BUMIpIOBaHb IIPH BiJTBOPEHHI
OJIMHUIII CHJTH BU3HAYAETHCS 38 (OPMYIIOIO
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19)

J
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3a CKB pe3ynbrary BUMIpIOBaHb NPH BiITBO-
PEHHI OJWHUII CWJIM Yepe3 BaXUIbHY CHUCTEMY IpH-
MaeThes HanOUTbIe 3HadeHHs CKB i3 ycix cTymneHiB
BiITBOPEHHSI.

Takum YWHOM, A7 BH3HAYCHHS CHJIM, BiITBO-
PIOBAHOI €TaJOHOM, HEOOXIIHO TOYHO BHU3HAYUTH Ma-
Cy MIp CHJIM Ta YMOBHHUX Mip CHIIM, BUKOPHUCTOBYBa-
HUX Y CKJIaJli €TaJOHY, IPUCKOPEHHS BUILHOTO MaIiH-
HS Ta BUIITOBXYIOUY CHIIY MOBITps (TYCTHHY, TEMIIE-
parypy Ta BiJIHOCHY BOJIOTiCTh HOBITps) Yy Micli BcTa-
HOBJICHHS €TaJIOHY.

3a Bupazamu (1) — (20) po3paxoBaHO CKIIIOBi
HEBHJIYYEHOI CHCTEMATHYHOI Ta BUIIAJKOBOI MMOXHOKH
BIITBOPEHHS PO3MIPY OJUHHII CHIIU, IO JO03BOJIUIIO
BHU3HAYMTH X YMCIIOBI 3HAYCHHS HAaBEACHI HIDKYE.

I'paHuIi BiMHOCHOI MOXWOKH BU3HAYCHHS MacH
Mip cunm He nepesuitytots 0,0002 %.

I'pannyHa BimHOCHA MOXHWOKA BU3HAUYCHHSI MEpe-
JTABAJILHOTO BiJHONICHHS BaXXKUTBHOT CHUCTEMH 3a pe-
3yJIbTaTaMU IPOBEIICHUX TOCIIIKCHD CKIIaa€:

— nnst yeranoBku LTM2T - 0,001 %
— ans yeranoBku LTM20T - 0,001 %

Takum 9HMHOM, 32 PO3PAXyYHKOBUMH JaHUMH,

— HEBWIIydeHa CHCTeMaTHYHa MOXHOKa eTaJoHy
CTaHOBUTHME:!
— s yeranoBku LTM2T — 0,005 %;
— st yeranoBku LTM20T — 0,005 %;

— CepeIHBOKBAIPATHYHHUNA BIiIXWi pe3ynbTaty 10-
TH HE3aJIC)KHUX BUMIPIOBaHb HE CTAHOBUTHME:
— ans yeranoBku LTM2T - 0,002 %;
— anst yeranoBku LTM20T - 0,002 %.

[Toxubka nepenaBaHHS PO3MIpY OJMHUII CHIH
poOOYNM eTalloHaM 3aJIC)KHUTh BiJi HACTYIIHHX YMOB
BHMIipIOBaHb:

— MPUKIAACHHS 3yCWIIS B3JI0BXK I'€OMETPUYHOI Bici
po00YOTO ETANIOHY, IO MiAAAETHCS KaliOpyBaHHIO;

— JOTpPHMaHHS YMOB HaBKOJHUIIHBOTO CEPEIOBHIIA,
perIaMeHTOBaHUX U1 TEPBHHHOTO Ta POOOUMX
€TaJIOHIB;

— JOTpUMaHHS PEerIaMEeHTOBAaHOTO LIBUAKICHOTO pe-
JKMMY HaBaHTQXXEHHS Ta PO3BAHTAXKECHHSI.

O1iHKa KOJMBaHHS LUX YMOB IIOKa3ye, IO TIO-
XxHOKa TepeaBaHHs pO3MIpy OJMHUII CHIIM BiJl Tep-
BUHHOTO €TaJOHY POOOYHMM €TaJoHaM HE MEPEeBUILYE
0,002 % [10].

BucHoBku

CTBOpEHHSI [Iep)KaBHOT'O IIEPBHHHOIO €TAJIOHY
OJIMHUIII CHJIM HA MiIIPYHTI METOIY BaKUTLHOTO TIiJI-
CWIJTIOBAHHS BUPIIIY€ TaKi 3aBJaHHSA, SK 3a0€3MeUeHHs
€IHOCTI BUMIPIOBaHb CHJIM, TIEPEIaBaHHI PO3MIPY
OJIHUIIl CHJIM 3 MOTPIOHOIO TOYHICTIO, METPOJIOTIYHE
3a0e3MeveHHs] YMCISHHOTO TapKy poOOUYUX eTaJoHIB i
pobounx 3aco0iB BUMIpIOBAIBHOI TEXHIKH. Pe3ynbra-
TH PETEJILHOTO aHali3y YMHHUKIB, 110 BIUIMBAIOTHh HA
TOYHICTH BiJITBOPEHHS PO3MIPY OAMHHII CHJIM J03BO-
Jsl€e CTBEPJUKYBATH, IO Y BAXKUIBHUX YCTAaHOBOK €
«3arac MIMHOCTI» 1 MOIJIMBE IIIBUILEHHS TOYHOCTI
0e3 TeXHIYHOT MOIepHi3allii.

[Momanmpmmi 3BipeHHS JEP)KAaBHOTO TIEPBUHHOTO
eTaJIOHy 3 JICP)KABHUMH €TaJOHAMH MPOBIIHUX KpaiH
CBITY, a TAKOX y4acTh Y MiXIJIa0OpaTOPHUX 3BIPCHHSIX
pe3yybTaTiB KamiOpyBaHHA (BHMipIOBaHHs) 3abe3re-
YaTh IPOCTEKYBAHICTh BiJTBOPIOBAHOTO 3HAYECHHS
OoIMHUII cwin 1o MibkHaponHoi cuctemu SI. Ile €
KPOKOM JI0 MIKHApOJHOTO BU3HAHHS PE3YJIbTATIB BH-
MIpIOBaHb CHJIM B YKpaiHi.
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T'ocyoapcmeennoe npeonpusmue «BceyKpauHcKutl 20Cy0apCmeeH bl HayYHO-NPOU3800CMEeHHblI
yenmp CmaHoapmu3ayuu, Mempoio2u, cepmuurayuy u 3auumsol npas nompeoumerne»

(I'll «<YKPMETPTECTCTAHIAPT>), Kues, Ykpauna

AHAJIN3 COCTABJIAKOIINX [NIOI'PELIHOCTH PBIYAXKHBIX
CWJIOBOCITPOU3BOAAIINX YCTAHOBOK

TocynapcTBeHHBIC 3TANOHBI SBISIOTCS OCHOBOM TEXHUYECKOW 0a3bl TOCYJapCTBEHHOW METPOJIOTHYCCKONW CHUCTEMBL.
Co3aaHue rocyIapCTBEHHOTO MEPBUYHOIO 3TANOHA SAMHUIIBI CHJIBI PEIacT TAKUE 33J[aud KakK 00eclieYeHUe eIHMHCTBA
U3MEPEHUIl CUJIBI, Mepelravya pa3Mepa CIUHHIBI CHIBI C HEOOXOIMMOM TOYHOCTBIO, METPOJOrHYECKOe OOecleYeHue
MHOTOYHCIICHHOTO TIapka pabodnx 3TaJOHOB M pabOYMX CPEICTB M3MEPHUTEIHHON TEXHUKH, IPUMEHIEMBIX B YKpanHe
U cTpaHax OmmkHero 3apy0Oexbs. OMHUM U3 OCHOBHBIX 3TAIlOB CO3/IaHUS TOCYJapCTBEHHOTO ITAJOHA SBISIETCS pa3pa-
00TKa MaTeMaTHYEeCKOH MOJIEITH IPOIIecca BOCIIPOU3BEICHIS pa3Mepa eANHUIIB! (GU3NUECKON BEIMIUHEI, a UMeHHO H —
Hetorona. CHIIOBOCTIPOM3BOSINNE YCTAHOBKH, MPUMEHSIEMBIE KaTHOPOBOYHBIMHU JTA00PATOPUSAMH, KaK MPAaBHIIO, IIPO-
CIIeXKHBAIOTCS K HAIMOHAIBHOMY 3TAJIOHY Yepe3 CBEPKY C IIOMOIIBIO MPEIM3UOHHBIX Npeodpa3oBareneii curbl. Kamnb-
POBKa CHJIOM3MEPHUTENBHBIX MPHOOPOB, KaK MPaBHIIO, OyAeT HMPOW3BOAUTHECS Ha 3TUX YCTAHOBKAX B COOTBETCTBHU C
JIOKyMEHTUPOBAHHOU mpoueaypoii, Harpumep ISO 376, u cocTapisionye NOrpeuHOCTH U HEONPEIEICHHOCTH PE3YJib-
TaTOB KaJHMOPOBKU OYAYT 3aBUCETh OT KaTUOPOBOUYHBIX M M3MEPHUTEIBHBIX BO3MOXHOCTEH YCTAHOBOK BOCIIPOU3BEIC-
HUS pa3Mepa CIMHHUIBI CHIIbI. AHAJIIOTHYHO, HEOMPEICICHHOCTh KAIMOPOBKH HM3MEPSIOIIErO CHIY MPOMBIIUICHHOTO
000pyn0BaHus OyJeT YaCTUYHO 3aBHCETh OT HEOMPECIICHHOCTH, BOSHHUKAIOMICH OT mpubopa sl H3MEPEHHS CUIIBI, U
HEOIPEICIICHHOCTH JII000T0 JabHEHUIIIEr0 H3MEPEHHUS CHIIBI YaCTHYHO OYIyT 3aBHCETh OT HEOINPECIICHHOCTH, CBS3aH-
HOM ¢ BOCTIPOM3BOACTBOM E€AMHHULIBI CUJIbI, B TOM YHCJIE€ U HallMOHAJIBHBIM 3TalOHOM. MOXHO BHUIETh, UTO HEOMpee-
JICHHOCTh OKOHYATEIHHOTO U3MEPEHUSI CHIIBI 3aBHCHT OT BCEX MPEABIIYIINX STAllOB W3MEPEHHs, 1 3Ta paboTa Jaet pe-
KOMEHJAIINX OTHOCUTEIHHO TOT0, KaK MOYKHO OIICHHUTH 3TH B3HOCHI.

Lenpro TaHHOTO HCCIENOBAHMA SBISETCS aHAIN3 COCTABISIOMINX ITOTPEITHOCTH CHIIOBOCTIPOM3BOISAIINX YCTaHOBOK
MHOTOPBIYa)KHOTO THIIA, BXOIIINX B COCTAB TOCYIAapCTBEHHOTO 3TajlloHa. B paboTe mpoaHatu3upoBaH METOJ BOCIIPO-
W3BEICHNUS, XPAHECHUS U TIepeiadn pa3Mepa eAUHHUIIBI CHIIBI, YCTAHOBKAMH PHIYaXHOTO YCHIICHHUS, KOTOPBIE MOTYT IIpH-
MEHSTHCS B KAYECTBE ATAJOHHBIX METPOJIOTUICCKUMHU HHCTUTYTAMHU U KAJTUOPOBOYHBIME JTabopaTopusM. PaccMOTpeHBI
OCHOBHBIC TIPUHIIMIBI PA0OTHI YKa3aHHBIX BBIIIC STAIOHHBIX YCTAHOBOK M CO3J[aHa MAaTEeMAaTHYECKask MOJICIIb BOCIIPOU3-
BEJICHUSI pa3Mepa eIMHULBI CUJIBL.

KiroueBble ci1oBa: cuia; U3MEpEHUE; MOrPEIIHOCTD; HEOTPEeIEHHOCTh U3MEPEHUS; phlYakHasl YCTAHOBKA; MaTeMa-
TUYecKasi MOJIEJb.

O. Tsiporenko

State Enterprise "All-Ukrainian State Research and Production Center for Standardization,
Metrology, Certification and Consumers' Rights Protection" (SE "Ukrmetrteststandart”), Kyiv,
Ukraine

ANALYSIS OF THE ERROR COMPONENTS OF LEVER TYPE FORCE-GENERATING
MACHINES

The national standards are the basis of the technical base of the state metrological system. The developing of a national
primary standard of force unit solves such tasks as ensuring the uniformity of force measurements, transmitting the size
of a unit of force with the required accuracy, metrological support of a large fleet of working standards and measuring
instruments used in Ukraine. One of the main stages in the creation of the national standard is the development of a
mathematical model of the process of reproducing the unit size of a physical quantity, namely N - Newton. The purpose
of this study is to analyze the components of the error of force-generating installations of the multi-lever type, which are
part of the national standard. Force generating installations used by calibration laboratories are usually traced to na-
tional standards through verification using precision force transducers. Calibration of force measuring instruments will
typically be performed on these installations according to a documented procedure, such as ISO 376, and the compo-
nents of error and uncertainty of calibration results will depend on the calibration and measurement capabilities of the
unit size reproduction. Similarly, the uncertainty of the calibration of industrial force measuring instruments will depend
in part on the uncertainty contributing by the force measuring instrument, and the uncertainty of any subsequent force
measurement will depend in part on the uncertainty associated with the reproduction of a unit of force, including na-
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tional standard. It can be seen that the uncertainty of the final strength measurement depends on all previous stages of
the measurement, and this work aims to make recommendations on how these contributions can be estimated.

The purpose of this study is to analyze the components of the error of power plants of the multi-lever type, which are
part of the state standard. The paper analyzes the method of reproduction, storage and transmission of the unit size,
lever reinforcement installations, which can be used as reference metrological institutes and calibration laboratories.
The basic principles of operation of the above reference installations are considered and the mathematical model of re-
production of the size of unit of force is created.

Key words: force; measurement; error; measurement uncertainty; lever installation; mathematical model.
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Control of water resources is becoming an important strategic issue. That is why authorities set the goal for water
agencies to manage the availability of water and create regulations to its rational use. The main point in water control
is measurement. There are three important aspects of measurements of water resources: at water extraction from na-
ture, at the consumption and at custody transfer. Control of water consumption sometimes is based not on measure-
ments, but on preliminary estimation, for example, by pumping.

Ultrasonic measurement technology as a key feature of automated control of resources has a potential role in this
market. In contrast to mechanical (turbine) meters, ultrasonic meters have a priority because they also give a possibil-
ity to realize smart metering. In contrast to electromagnetic meters, which also measure with high accuracy and realize
smart functions, ultrasonic meters much more suitable for rough water, wastewater and sewage. Such water resources
are usually poorly controlled, which means that no one knows their exact cost.

Measurement is mandatory to control cost and for billing. Accuracy is important issue, especially when we say
about measurements in large pipe diameters. There is practically no alternative to ultrasonic flow meters. Market of
diverse meters concentrated on diameters under 400 mm. For larger diameters, only ultrasonic meters are in use. They
have many chords, difficult algorithms for data processing. Thus, they are applicable over a very wide flow range.

In this paper, we discover transit-time ultrasonic flow meters to understand features of their measurement theory
taking into account all factors affecting their work. This article describes errors inherent in these flowmeters during
measurements.

As far as accuracy is significantly important in billing, the cost of 1% measurement error in consumption of water
resources for small (DN50+DN150 mm) and large (DN200+-DN1200 mm) pipe diameters has been evaluated and ana-
lyzed. The losses from the installation of low-quality metering devices are demonstrated and discussed.

Keywords: water resources; ultrasonic flow meter; measurement accuracy, measurement error.

Introduction. Formulation of the problem

The United Nations estimates that at least 780
million people in the World do not have access to
clean drinking water; some 2.5 billion people lack
access to safe sanitation systems [1]. That is why au-
thorities set the goal for water agencies to manage the
availability of water resources and create regulations
to its rational use.

Providing an adequate water supply is a major
challenge facing many public water utilities, espe-
cially in developing countries. A significant part of
this challenge is non-revenue water, which is the dif-
ference between the volume of water put into a water
distribution system and the volume that is billed to
customers. It is estimated that water utilities in devel-
oping countries can lose 40-50% of the water they put
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