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TLIPABJIIYHUI POBOYHH ETAJIOH OB’€EMY T'A3Y

Pestome. Axyenmosano, uo poamip oounuyi ob’emy ma o6’emnoi gumpamu 2azy OoyinbHo 6y10 6
ompumysamu 6i0 /lepocagHo20 nepeUHHO20 emanoHa 00uHuYb 00’ EMHOI ma Macogoi eumpamu piouHu ma 2asy
i 00’ €My ma macu piouHu ma 2aszy, emanonie nepedaganHts, GMOPUHHOLO eMAIoOHA Yu pobouux emainoHis. s
peanizayii Moxciusocmi nepedasanHs posmipy oOuHuyi 0b’emy 2asy NiUUTbHUKAM Ma UMPAmomipam 2asy 8io
emanowig 3 [lepocagnoi nogipounoi cxemu 07 3acobig GUMIPIOBAHHS 00 EMHOI ma Maco8oi eumpamu piOuHu i
06’emy ma macu piounu, wo npomikae no mpybonpogooy, 3anponoHO8AHO GHECMU 3MIHU 8 KOHCMPYKYIlO
pobouo2o emanona Ha 6azi MipHUKA 00’ €My 2azy 3 PIOUHHUM PO30ITIO8AYEM ULTAXOM 000AMKO8020 0ONAOHAHHSL
HabopoM emaloOHHUX UMPAMOMIPIE PIOUHU, WO O0380IUMb NPAMUM MemOOOM GUMIPIOGamu 00’ em piOuHuU, KA
nepenueacmucs i3 KOMNEHCYIouoi 6 MIpHY e€MHicmb, Yum 3abe3neyyemvcs Oibuld MOYHICMb GUMIDIOGAHHSL
00°emy po30inio8anbHOI pIOUHU Yy NOPIGHSAHHI 3 I0oMuMU ananoeamu. Buxopucmannsi po3pobnenoco pobouozo
emanona 0acmo 3M02y 30[CHIO8AMU NEPeOABaHHsi po3mMipy 0OuHuyi 0b’cMy ma ob’€MHOI eumpamu 8 pamKax
00H020 8UOY GUMIDIOBAHb — GI0 eMANIOHHUX GUMPAMOMIPIE PIOUHU 00 JIINUTLHUKIG Ma GUMPAMOMIpie 2a3y.

Knrouogi crosa: nosipouna cxema, poboyuii emanoH, 06°em eazy, emanoHHuil sUmMpamomip piouHu

M. Kuz
HYDRAULIC WORKING STANDARD OF GAS VOLUME

Summary. The transmission of gas volume and volume flow unit to gas meters and flow meters is
implemented from State primary standard of volume and volume flow units of gas with the help of transmission
standards, secondary or working standards. Measurement of gas volume and volume flow is a type of
measurement of volume and mass flow of liquid and gas, volume and mass of liquid and gas. That’s why volume
and volume flow unit of gas should be provided by State primary standard of volume and mass flow units of
liquid and gas, volume and mass of liquid and gas, transmission standards, a secondary standard or working
standards. To realize the possibility of transmission of gas volume unit to gas meters and flow meters from
standards of State calibration scheme for measurement of volume and mass flow of liquids, volume and mass of
liquids flowing through the pipeline it is proposed to insert changes into the construction of working standard on
the basis of a measuring instrument of gas volume with a liquid separator by additional installment of a set of
standard flow meters of liquid that will enable to measure the volume of liquid pouring from a compensating into
measuring capacity by a direct method. It ensures a greater exactness in the process of measurement the volume
of separate liquid in comparison with known analogues when the given physical quantity is measured by
indirect methods (level of liquid, geometric parameters of gas measuring instrument), which are always less
exact because of great number of component errors in measurements. Moreover, a set of standard flow meters of
liquid will provide widening of measuring flow range of separate liquid and, consequently, flow range of gas by
which gas meters will be calibrated. In hydraulic working standard of gas volume the 1-st type standard flow
meters of liquid included into calibration scheme for measurement of volume and mass flow of liquid, volume
and mass of liquid are used. Using the developed working standard will enable the implementation of volume
and volume flow unit transmission within one type of measurement — from standard flow meters of liquid to
meters and flow meters of gas. The development of metrological support of the proposed working standard and
its metrological model will be the subject of further researches.

Key words: calibration scheme, working standard, volume of gas, standard flow meter of liquid

ITocranoBka mnpodsemu. llepenaBanHs po3mipy OXUHUII 00’eMy Ta 00’ €MHOI
BUTpaTH Tra3y JIYWIbHHKAM Ta BHTpaToMipaMm rasy, 3rifHo 3 [l1] 3mificHIOeThCS Bif
JlepkaBHOTO IMIEPBUHHOTO €TAJIOHA OJMHHMII 00’ €My Ta 00’ €MHOI BUTpATH Ta3y 3a JOIIOMOTOI0
€TaJIOHIB Tepe/laBaHHsl, BTOPHHHUX Ta poOOYMX €TaJoHiB. Y JaHiil moBipouHiil cxeMi HasBHI
TaKOX BICIM BHJIIB POOOYMX €TaJOHIB, IO 3all03WYCHI 3 IHIMUX IMOBIPOYHUX CXEM, 1 TUIBKH
OJIMH BHJI 3 HUX — €TAJIOHHI MIpHUKH pivHuU | Ta 2 po3psiiB [2] BIAHOCITHCS A0 TOTO K BUTY
BUMiproBaHb. OJIHAK I1i €TAJIOHH BUKOPHUCTOBYIOTHCS HE JUIS IEepPEAaBaHHS PO3MIPY OJUHUITI
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00’eMy Ta 00'eMHOI BUTpaTH ra3sy, a Juid arectailii, B OCHOBHOMY, T€OMETPUYHHUX MapaMeTpiB
poOOYHX eTaJIOHIB 00'eMy Ta3sy.

@parmenT noBipouHoi cxemu [1], Ha sikomy 300pa’keHe MoJjie pOoOOUYMX ETAJOHIB,
3aI03WYeHUX 3 IHIMTUX MMOBIPOYHHMX CXEM, HaBeJCHO Ha puc. 1.
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Pucynok 1. ®parmeHT noBipouHoi cxemu [1] i3 300paskeHHSAM OISt pOOOUYUX E€TANIOHIB, 3aMTO3MYEHUX 3
IHIOWX MOBIPOYHUX CXEM

Figure 1. Fragment of hierarchy scheme [1], featuring a field operating standards borrowed from other
calibration schemes

BumiproBarHs 00’eMy Ta 00’ €MHOT BUTpaTH Ta3y € MiJABUJIOM BHMipIOBaHHS 00’ €MHOI
Ta MacoBOl BUTpAT PIIUHM Ta ra3y i 00’eMy Ta MacH piiMHU Ta raszy, TOMy po3Mip OJUHUII
00’eMy Ta 00’ €MHOI BHTpAT Ta3y JOLLILHO OyJIo 6 oTpuMyBaTH Bijl JlepaBHOTO IIEPBUHHOTO
eTaJoHa OJMHUIL 00’ €MHOI Ta MacoBOI BUTPAT PiAMHM Ta Ta3y il 00’eMy Ta MacH piJMHH Ta
ra3y, eTaJOHIB ITepeIaBaHHsl, BTOPHHHOTO €TAJIOHA YU POOOYHMX €TaJIOHIB 3 MOBIPOYHOT CXeMHU
[3].

AHami3 octaHHIX gocaikeHb 1 myoaikamiii. B poGoti [4] 3ampomonoBaHa
KOHCTpPYKIlisI poboyoro etasoHa 00’eMy rasy Ha 0a3i ra3oBoro MipHHKa 3 pPiAMHHAM
po3aiToBaveM, SKHH CKIIATaeThes 3 MIPHOI 1 HAIipHOI €MHOCTEH, 3’€IHAaHUX IEePEITMBHAM
TpyOorpoBoaoM. [Ipruomy MipHa €MHICTH Ma€e TPYyOOIIPOBOIM JUIS IiJl €THAHHS JIYMIbHHUKA,
0 TIOBIPSIETHCS, Ta 3’ €THAHHS 3 aTMOC(EPHUM MIPOCTOPOM Uepe3 KIIAllaH! TepeTBOPIOBAYiB
THCKY 1 TeMIIEpaTypu PeryJor4oi 3acyBKH. 3a CBOIMU ()i3UYHMMHU BJIACTUBOCTSIMH Ta30BHIA
MIpHUK MOJKE BiJITBOPUTH TUIBKH OJHHUINIO 00’€My Ta3y i He MOXxe 3a0e3leUnuTH TOBIPKY
BUTPATOMIpIB Ta3zy Ta JIYMJIBHUKIB a3y 3a pi3HUX 3HAYCHb BUTpAT, IO PETJIAMEHTYETHCS
BciMa YNHHUMH METOJMKAMHU MOBiPKH.

PoGounit etanon Ha 6a3i MipHHKa 00’ €My rasy 3 piIUHHAM pO3JILTIOBavYeM, OMUCaHUN
B [5], ckimamaeTbcs 3 MipHOI Ta KOMIICHCYIOUOI €MHOCTEH, 3’€HAaHUX MEPEeTUBHAM
TpyOompoBogoM. KoMmeHcyroua €MHICTH MICTUTh JaTYMKH TEMIIEpaTypH Ta THCKY,
TpyOOTIPOBOM 3 KJIallaHAMH ISl I €JHAHHS JHYAJIbHUKA Ta3y, IO TOBIpSEThCS, Ta
3’e¢qHaHHS 3 arMocdeporo. MipHa €MHICTh MICTUTH JATYMK PIiBHS PiAWHH 1 cTabimizaTtop
notoky piguau. IlepenuBHUE TpyOONMpoOBiA MICTHTH BMOHTOBAaHHMN PpIJMHHHUIA Hacoc,
KepOBaHHWHM pEryIsITOpoM dYacToTH. KpiM TOro, MipHHK MIiCTHTh WyJbT KepyBaHHS Ta
BiJToOpaXkeHHs iH(opMaIlil, BAKOHAHUHA 3 MOXIIUBICTIO 300py BUMIipIOBaJIbHOI iH(pOpMaIlii,
KA 3’€JJHaHWH 31 3raJJaHIMU JAaTYUKAMH THCKY ¥ TeMIlepaTtypu, JaTYHKOM PiBHS PiIWHH,
PEryJIATOPOM YacTOTH i KJlarnaHaMu.

Cxema pobodoro etajioHa Ha 0a3i MipHHKa 00’€My ra3y 3 PiIMHHUM PO3JIUTIOBaYEeM
HaBeJIeHa Ha puc.2.
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Pucynok 2. Cxema pobodoro erajiona Ha 0a3i MipHUKa 00’ €My ra3y 3 piIMHHIM PO3IiUTIOBaYEM

Figure 2. Scheme of a working standard on the basis of a measuring instrument of gas volume with a
liquid separator

[lo3nauennss Ha puc.2 Taki: 1 — MipHa €MHICTh; 2 — KOMIIEHCYIOUa €MHICTH; 3 —
MepeTUBHAN TPyOOIIpOBiT; 4 — HACOC; 5 — KePOBAHHM PETYJIATOP YacTOTH; 6 — cTabimizaTtop
MOTOKY KUJIBIEBOi (pOpMH; 7 — AaTUUK piBHS PIAMHM; 8 — MiJ € JHYBaIbHI TpyOompoBoau; 9,
10 — xinamanu; 11 — gaTunk temneparypu; 12 — matduk THCKY; 13 — mysabT KepyBaHHS Ta
BijloOpakeHHs iH(opmarrii.

Henonmikom Takmx poOOYMX €TAJIOHIB € HEBUCOKA TOYHICTh BiITBOPEHHS
KOHTPOJILHOTO 00’€My Ta3y i3-3a HasBHOCTI IIApy pO3JAUTIOBAIBHOI PIAMHU Ha BHYTPILIHIH
MTOBEPXHI MIpHOT EMHOCTI, 1110 3aJTUIIAETHCS IMICIIs OMYCKAaHHS PiBHS pinHU. Po3Mip oxuHUII
00’eMy razy neit poOouuii eTalioH 3MOKE OTPUMYBATH TiJIBKH BiJl €TAIOHIB 00’ €My rasy 3
OBipoYHOI cxemu [1].

Metoro pganoi pob6oTH € pO3pOOJEHHS TEXHIYHOTO pIllleHHS JUIsS peami3ariii
MepeiaBaHHs pO3Mipy OJIMHUIN 00’eMy Ta3y JIUYWIbHHKAM Ta BHTpaTOMipaMm Tra3y BiJ
€TaJIOHHUX BUTPATOMIpIB piUHU.

PesyabTaTn pociaimkenHs. JIisg peamizarii MOXKIHBOCTI TepeJaBaHHS pO3MIpy
OJIMHMIII 00’ €My Ta3y JIUMIbHUKAM Ta BUTpATOMipaM ra3y Bij €TaJOHIB 3 MOBIPOYHOI CXeMHU
[3] mponOHY€EThCST BHECTH 3MiHM B KOHCTPYKIIIIO poO0OYOT0 €TajloHa, OMUCcaHy B [5], IMIIsIXxoM
JI0JJATKOBOTO 00J1aIHaHHs HAOOPOM €TATOHHUX BUTPATOMIpIB PiAMHY, 110 JO3BOJIUTH MPSIMUM
METOJIOM BHMiproBaTH 00’ €M pifnHH. [le mepennBaeThes i3 KOMIIEHCYIOUO1 B MipHY €MHICTD.
3abe3neuyeThCsi OLTbIIA TOYHICTH BHUMIPIOBAHHS 00’€MYy pO3JAUTIOBAIBHOI pIAMHU Y
MOPIBHSAHHI 3 BIJIOMHMH aHaJOraMH, B SKAX JaHa (i3UYHA BEIIMYMHA BHMIipPIOETHCS
HETPSIMAMHU METOAaMU (piBeHb PiuHH [5], reoMeTpHyHi mapameTpu ra3oBoro MipHUKa [4]).
BoHM 3aBXIM € MEHII TOYHHMH, OCKIJIBKH OOTSIKEHI OLIBIIOI0 KIJIBKICTIO CKJIAZOBUX
noXuOOK BHUMiproBaHb. KpiM Toro, Habip eTajlOHHMX BHUTPATOMIpIB PiIMHU 3a0e3MEeUUThH
pO3IIMpEHHS Jiama30Hy BHMIPIOBAHWX BHTpAT PO3JUTIOBAIIBHOT PIMHU 1, AK HACITIIOK,
Jliara3oHy BUTpAT a3y, Ha SKUX OYAyTh MOBIPSITUCS JTIUMIEHUKH Ta3y.

Cxema po3po06iieHoro pobo4yoro eTajioHa HaBeJieHa Ha puc.3.
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Pucynok 3. Cxema rigpaBniqvHoro po6bo4oro erajoHa 00’eMy Ta BUTPATH razy

Figure 3. Figure hydraulic working standard volume and gas flow

[lo3nauenns Ha puc.3 Taki: |- MipHa €MHICTh; 2 — KOMIICHCYIOYa €MHICTH; 3 —
MepeuBHAN TpyOompoBia; 4 — Hacoc; 5 — perynsarop dYactotd; 6.1+6.n — erajoHHI
BUTpaToMipu piauuu; 7.1+7.n — xpanu; 8.1+8.n — garumkum iMmysbciB; 9 — craliiizaTop
notoky; 10 — mia’ exqnyBanpHi TpydonpoBoan; 11, 12 — knamanu; 13 — gaT4uK TeMmeparypw;
14 — natumk THCKY; 15 — mynbT KepyBaHHS Ta BifoOpaxeHHs iH(opmarii; 16 — OaiimacHa
niHis; 17 — TpUXOIOBUH KiIamaH.

[ipaBniunuit poOounii eranon 06’ eMy rasy npautoe TakuM YHHOM.

[lepen BUMiprOBaHHSM piBEHB PiJIMHU B MipHiit eMHOCTI | TOBUHEH OyTH Y BEPXHBOMY
MIOJIO’KEHH], a TPUXOA0BUH KiamaH 17 — y Moyio)keHHi, 110 BiJ €qHye OaiinacHy JiHito 16 Bix
Hacoca 4, a i1’ €eIHy€e eTaJOHHI BUTPATOMIpH piguHu 6.1+6.n. 10 Hacoca 4. [ToyaTok MmoBipKu
3MIACHIOETBCS B KOMaHAM 13 TMyJIbTa KepyBaHHS Ta BifoOpaxkeHHS iHQopmamii 15
BCTAQHOBJICHHSIM HEOOXITHOI BHUTpPATH PIMHU Ta TOJAHHSAM KOMaHIW Ha OJWH 13 KpaHiB
7.1+7.n, AKi i’ €IHYIOTH OJIMH 13 €TAJIOHHUX BUTPATOMIpiB piiuHH 6.1+6.n 10 MEepeuBHOTO
TpyOompoBoay 3. 3a JOMOMOIOIO PEryisTopa 4acToTH S 1 Hacoca 4 dyepe3 MepeTuBHUN
TpyOompoBia 3 Ta OAMH i3 €TAJIOHHUX BUTPATOMIpiB piauHU 6.1+6.n 3 MipHOi eMHOCTI 1 y
KOMITEHCYIOUY €MHICTh 2 dYepe3 cTalimizarop MOTOKy 9 mepekauyerbes piamna. Ilin dac
NepeMIIeHHs] PIIUHA 3 MipHOT €MHOCTI | y KOMIEHCYIOUYy €MHICTh 2 OJHMH 13 €TAJIOHHUX
BUTpATOMIpiB pimuHH 6.1+-6.n BUMIpIOe 00’€M piAWMHHU, IO TPOTIKAE dYepe3 HBOTo. 3a
JIOTIOMOTOI0 ~ BIAMOBIAHOTO JaTuMka iMIynsciB  8.1+8.n BiH mepeTBOpIOE 3HAUYEHHS
BHMIPSTHOTO 00’€MY PiIMHH B MPOTOPIIIHHY KiJIBKICTh IMITYJIBCIB, IO HAJAXOMATH Ha IMYJbT
KepyBaHHS Ta BifoOpaxeHHs iHdopmarii 15. [lpu npomy kianan 11 BinkpuTHii, a kianas 12
3aKkpuTUi 1 1o TpyOompoBomxy 10, sikuii 3’€qHY€e JNUUAIBHUAK Ta3y, IO TOBIPSETHCA,
BIITBOPIOETBCS KOHTPOJNBHUM 00’€M Tra3zy, po3paxoBaHHH IyJbTOM KepyBaHHS Ta
BijloOpakeHHs iH(OpMarii 15 i3 ypaXyBaHHSM BHMIPIOBAJILHOI iH(OpMAIl BijJ JAaTYHKIB
temneparypu 13 i1 tucky 14. Ilicns 3aBepieHHs HpOIyCKaHHS KOHTPOJBHOIO 00’ €My rasy
kraman 11 3akputuii, a wiaman 12 Biakputwii. Perynstop dactotu 5 3abe3medye
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MaKCHMaJIbHY BUTpaTy Hacoca 4 y 3BOPOTHOMY HampsIMKY: TPUXOJOBHI KianaH 17 Bin exnye
€TAJIOHHI BUTpaTOMipH piguHHU 6.1+6.n Bijx Hacoca 4, MpHEIHYE JI0 HHOro OaiiacHy JiHit0 16
1 piIMHA 3 EMHOCTI 2 TepeKavy€eThesl B €EMHICTH 1.

VY rigpaBimidHOMY pPOOOYOMY eTayioHi 00’€My ra3y BHKOPHUCTOBYIOTHCS €TaJOHHI
BUTPATOMIpH PiuHH 1-TO O3PSIy, SIKi BXOAATH 0 MOBipouHOi cxemu [3]. @dparment maHoi
MOBIPOYHOI CXeMH, Ha SIKOMY 300pa)XeHO TT0JIe pOOOYHX eTaIOHIB 1-r0 po3psity, HaBeJACHO Ha
puc.4.
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PucyHnok 4. ®parmeHT noBipouHoi cxemu [3] i3 300pakeHHSIM MOJIsi pOOOUYUX eTaNoHIB 1-ro po3psamy

Figure 4. Fragment of a calibration scheme [3], representing the margins of the 1-st type working
standards

BucHoBkn. BukopuctaHHS po3poOieHOro poOOYoro erajoHa JacTh  3MOTY
3/IHCHIOBATH Tepe/laBaHHs PO3MIpYy OJAMHUIIL 00’ €My Ta 06’ €MHOI BUTPATU B paMKax OJHOTO
BHJIy BHMIpIOBaHb: BiJl €TaJOHHUX BUTPATOMIPIB PIAWHH JI0 JIYMJIEHUKIB Ta BHTPATOMIpPiB
rady 3 TpaHHLsIMU BigHOCHOI moxuOku +0,3% (auB. puc.4), 1m0 TOYHINIE y MOPIBHSHHI 3
ICHYFOUMMH POOOYUMH eTaJIOHaMH [ 1], TpaHUIll BITHOCHOI MOXHOKH SKMX CTaHOBIATE +0,5%.

[IpenmeroM  momanbIIUX — JOCHKEHb  Oylae  pO3poOJeHHS — METPOJIOTIYHOTO
3a0e3nedeHHs 3aIpoITOHOBAHOTO POOOYOTO eTaIOHA Ta HOTO METPOJIOTIYHOT MOIETT.

Conclusions. Using the developed working standard will enable the implementation
of volume and volume flow unit transmission within one type of measurement: from standard
flow meters of liquid to meters and flow meters of gas with the relative error ranges +0,3%
(see figure 4), that is more exact in comparison with existing working standards [1], the
relative error ranges of which are +0,5%.

The development of metrological support of the proposed working standard and its
metrological model will be the subject of further researches.
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