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HuceprariitHa poOOTa MPUCBSIYCHA PO3B’SI3aHHIO BAXKIMWBOI HAYKOBO-
NPaKTUYHOI 3a7ayl MiJBUIICHHS TOYHOCTI BHUMIPIOBAaHHS BOJIOTOCTI MPUPOTHOTO
rasy.

O006’€KTOM 0CTiTAKEHHS € TIPOIIEC BUMIPIOBAHHSI BOJIOTOCTI TPUPOTHOTO razy.

IIpeameToM moOCHiMKEHHSI € METOJIM Ta 3acoOM BHMIPIOBAHHS BOJIOTOCTI
IPHUPOJJHOTO Ta3y B IMPOIIECi HOTO TPAHCTIOPTYBaHHS.

Opniero 3 HaWBXKIUBINIMX 3a7a4 MPU TPAHCIOPTYBAHHI NMPUPOJHOTO ra3y €
OIliIHKa BMICTY BOJIOTOCTi SIK OJHOTO 13 OCHOBHHMX IMOKa3HHMKIB #oro sikocti. Kpim
IIOTO BOJSIHA Mapa 30UIbIIyE BapTICTh IepeKadyBaHHS Ta3y, IOTIPIIyE SKICTh
KIHIICBOT'O MPOAYKTY, IPUBOJIUTD O MPUCKOPEHHS KOPO3ii TpyOOIpoBOAY, 3MEHIITYE
IIPOITYCKHY CIIPOMOXKHICTh T'a30MPOBOAY, YIIKOJKYE (PLIbTPH, KPaHU, KOMIIPECOPH.
Jlns  momepe/pKeHHST [HMX MPOIECIB  HEOOXIMHO TOYHO TMPOTHO3YBAaTH Ta
KOHTPOJIOBATH BOJIOTICTH MPUPOIHOTO ra3y, M0 TPAHCTIOPTYETHCS.

B po0oTi mpoaHanizoBaHO ICHYIOUI MpWIaAXM Ta METOAM BUMIPIOBAHHS
BOJIOTOCTI MPUPOJHOTO Ta3y, BU3HAYEHO 1X OCHOBHI HEJOJIKH. AHai3 MOKa3as, IO
710 HAWOLIBII MOITMPEHUX METOIB BUMIPIOBAHHS BOJIOTOCTI Ta3iB HaJekaTh TUIBKH
I'STh ~ OCHOBHUX NPAKTUYHUX 1 HAWUOUTBII TOMUPEHUX METOAM BHUMIPIOBAHHS
BOJIOTOCTI Ta3iB: JICIIBKOMETPUYHI, KOHJCHCAIlIIHI,  €JeKTPOJITHYHI, €MHICHI,
MikpoBaroBi. OMHaK, Il METOAM MAalOTh DS HEAOJIKIB 1 BUMArarTh MOJAIBIIOTO
BJIOCKOHAJICHHSI.

Po3pobneno knacu@ikailito Cy4yacHUX BHUMIPIOBAYiB BOJIOTOCTI Ta3iB 3a
KOHCTPYKTHUBHUM BUKOHAHHSIM, (PI3UKOIO MPOLIECY NEPETBOPEHHS Ta OCOOIMBOCTIMU

BUMIPIOBaHHS. 32 OCHOBHY O3HaKy oOpaHO (pi3uKy mpoliiecy NepeTBOPEHHS, OCKUIbBKH



came (QI3UYHUN MEXaHI3M POOOTH 3YMOBIIIOE€ PI3HOMAHITHICTH ICHYIOUMX METO/IB
BUMIPIOBaHHS Ta O€3MOCEepPE/IHE TEXHIYHE BUKOHAHHSI BUMIPIOBAILHOTO TPUCTPOIO.

[IpoaHani3oBaHO OCHOBH1 OCOOJMBOCTI BUMIPIOBAaHHS BOJIOIOCTI MPUPOIHOTO
razy. JleranpHo omucaHi HaWOUIBII MOLIMPEH1 UIsi MPAaKTUYHOIO BUKOPUCTAHHS
BUMIPIOBaHHSI BOJIOTOCTI Tra3iB 3aco0M 3a TEeMIIEpaTypor0 TOYKH pPOCU. AHaII3
MOKa3aB, IO ICHYIOYl aJIrOPUTMU BHUMIPIOBAHHS HE JO3BOJISIIOTH 3 HEOOXIJTHOIO
TOYHICTIO BUMIPSITH BOJOTICTh HNPHUPOJHOrO ra3zy 4epe3 CKIAJHICTh JETEKTyBaHHS
JBOX TEMIIEpaTyp TOYOK POCH BOJHOYAC. BUKOHAHO MOPIBHSAJIBHUI aHATI3 METOMIB i
3ac00iB, IO MarOTh HAWOUIbIIE MPAKTHYHE 3aCTOCYBAaHHS [UJIi BHUMIPIOBAHHS
BOJIOTOCTI MPHUPOAHOIO Ta3y 1 skl B MOBHIA Mipi 3a10BOJBHSIOTH YMOBH, B SKHUX
BUKOHYETHCSI KOHTPOJIb BOJIOTOCTI. 3alIpOITOHOBAHO IIISIXH MOAABIINX JOCTIKEHb 1
B3ATO 32 OCHOBY YJOCKOHaJIeHHs jaienbkoMerpuuyHoro HBY meroxy Ta po3poOka Ha
1oro OCHOBI 3ac00Y BUMIPIOBAHHS BOJIOTOCTI MMPUPOJTHOTO Ta3y.

[IpoBeneni  nmocmimxkeHHs o00’ekTa BuMiproBaHHsS Ta BmmBy HBY
BUIIPOMIHIOBaHHSI Ha ra3ose cepeaoBuiie. O0rpynToBano Budip xBuieoanoro HBY
METOAY BUMIPIOBAHHS BOJIOT'OCTI IPUPOTHOIO ra3y, B IKOMY Ha BIIMIHY BiJl BIIOMHX,
3aIpOIIOHOBAHO BUKOPUCTAHHS ODKYYOT XBUJII Y XBHJICBO/I1, TIPH IIbOMY OIIIHIOKOTHCS
3MIHU JTICJICKTPUYHUX BIJIACTHBOCTEH rasziB mpw ix B3aemonii 3 xBuisimu HBY
Jiaras3oHy.

3anponoHoBaHO MaTteMaTuyHy Mozenb HBY BUMiIpIOBaIbHOTO NEPETBOPEHHS
BOJIOTOCTI MPUPOJIHOTO Ta3y, CYyTh SKOTO MOJIATA€ Y BUMIPIOBAHHI 3MIHM TOTY>KHOCTI
HBUY curnany 0iy4oi XBWJII Ha BUXOJ1 XBHJIEBOY, III0 BIAMOBiIa€ BOJIOTOCTI Ta3y.
[IpoBeneHo MOCHITKEHHS 3aJI€KHOCTI MOTYXHOCTI ODKY40i XBHWJII Bifi aOCOJIOTHOT
BOJIOTOCTI BOJSIHOI Mapu NpH PI3HUX 3HAYCHHSIX JOBXKUHU TpoxomkeHHs HBY
CUTHAJTy Y BOJIOTOMY CEPEJIOBHIII 3 YPaXyBaHHIM TEMIIEPATypH Ta THUCKY.

BcranoBieHo, 1m0 i3 3pOCTaHHSIM aOCOJIOTHOI BOJIOTOCTI BOMSIHOI TapH
MOTYXHICTh BUIPOMIHIOBAHHS CIaJa€ 3a EKCIMOHEHI[IAMbHUM 3aKOHOM. JloBkHWHA
EJIEKTPOMArHiTHOT XBWJIi, a TaKOX BiACTaHb npoxokenHs HBY curnany Busznauae
MOpir YyTJAMBOCTI BHUMIPIOBAJIBHOTO TEpPETBOpPeHHs Bojiorocti. Kpim 1poro

BCTA@HOBJICHO, IO 3HA4YCHHA HOXI/I6KI/I, sJKa BHOCHUTBCA BIIIMBOM TCMIICPATYPH Ta



TUCKY, € HE3HA4YHOI. 3ampoIlOHOBAaHO CTPYKTypHY cxemy HBY BumiproBasbHOro
MepeTBOPIOBaYA BOJIOTOCTI IPUPOTHOTO ra3y, OMUCAHO MIPUHIIUI HOTO POOOTH.

[IpoBeneHO MOJENIOBAaHHS MPOLECY BUMIPIOBAHHS BOJIOTOCTI MPUPOIHOTO
raszy HUISIXOM BUKOPUCTAHHS €KBIBAJICHTHOT CXEMHU, 1110 OMHUCYE OIHAPHY TETEPOreHHY
cUCTeMY, SKIi BiANOBiAae MatemMaTHyHa Moxaear HBY  BuMiproBanbHOIro
nepeTBoproBaya. B pe3ynbTaTi  MOPIBHSHHA  XapaKTEPUCTUKH  OTPUMAHOT
€KBIBAJICHTHOI ~CXE€MHM Ta  3allpoloOHOBaHOi MareMatndHoi wmojeni HBY
BUMIPIOBAJILHOTO TMEPETBOPIOBaua OYyJ0 BCTAaHOBJIEHO, IO MOXUOKA BIJIXUJICHHS
Mojenen He nepeunrye 3%.

3anponioHoBaHo jaBokaHanbHUM HBY  BuMiproBanbHUN  TEepeTBOpIOBaY
BOJIOTOCT1 MPHUPOJHOTO Ta3zy Ta HWOro MaremMaTudHy Mojeib. OTpuMaHo (YHKIIIO
NEPETBOPEHHSI Ta CTATUYHY XapaKTEPUCTHKY. MaTeMaThuyHa MOJIeJIb BPaxOBYE
3HAYCHHS JIEJICKTPUYHOI TPOHUKHOCTI ra3y BUMIPIOBAJILHOTO Ta OMOPHOIO KaHAJIB,
a TaKoXX 3HAYCHHS TEMIEpaTypd Ta THUCKY MPUPOJHOrO Ta3y BHUMIPIOBAJILHOIO
kaHany. Onucano npunuun pod6otn HBY BumiproBanbHOro mepeTBoproBaya, SKHUMA
mictuth HBUY reneparop, aTeHroaTop, XBUJIEBOIHUN TPIMHUK, XBUJIEBOIHY CEKIIIIO
NOPIBHSHHS, AATUYMK TEMIIEpaTypu Ta THUCKY, KOMyTaTOpU KaHAJIB, BUMIPIOBAJIbHY
KIOBETY, IICHUIIOBAaY, I1HJAMKATOPHUNM TpHUCTpiii. HasBHICT, ONMOpPHOTO KaHAIy
JO3BOJIMJIO ITABUIIUTH TOYHICTh BHUMIPIOBaHHS, OCKUIBKH JIBOKAHAJIbHA CHCTEMa
HiBeNoe HecTaOUThHICTh BXimHoro HBY curnamy, mo mojaeTbcsi T€HEpaTopoM, a
TAaKOXX BJIACHI BTPATH TOTYXKHOCTi. Pe3ynbTaTu HOCHIKEHb MAaIOTh MOMJIHMBICTH
CTBEp/KyBaTu Tpo mepcnektuBHicTr HBUY BuMipioBanbHOTO TEepeTBOprOBava st
MPAKTUYHOTO 3aCTOCYBAaHHS BHMIPIOBaHHS BOJIOTOCTI TMPUPOJHOTO Tazy 3
BUKOPHUCTAHHSAM O1KYy401 XBHIIL.

Ha ocHoBi nmpoBeaeHnx mociikens 3anpononoBano HBY 3aci6 BumiproBaHHS
BOJIOTOCTI IpUpOAHOTO razy. OmnucaHo MpUHIHI poOOTH 3ac00y BUMIPIOBAHHS, STKUN
MICTUTh JABokaHanbHUN HBY BuUMipIoBanbHMII IEPETBOPIOBAY CEHCOPU TEMIEPATYPH
Ta TUCKY, ITICHITIOBAaY, MIKpOIpoIiecop 010k 00poOKH Ta ITHAMKATOPHUNA TPUCTPIH.

Po3pobiieHo MaTemaTHuHy MoOjJeNb 3ac00y BHMIPIOBAJIbHOTO BHUMIpPIOBaHHS
BOJIOTOCTI MPUPOJHOTO Ta3y, sfiKa BPAaXxOBYE 3HAUYCHHS JICJICKTPUYHOI MPOHUKHOCTI

razy BUMIPIOBaJIbHOTO Ta OMOPHOIO KaHAaJIB, Ta MICTUTh KOE(ILIEHTH KOPEryBaHHS



3a TeMIIepaTypoI0, BUKOPUCTAHHS SKUX TO3BOJISE MIABUIINTH TOYHICTH BUMIPIOBaHHS
BOJIOT'OCTI.

[IpoBeneHo aHani3 TeMrepaTypHUX MOXHUOOK, HA OCHOBI IKOTO MOKHA 3pOOUTH
BHUCHOBOK, 1110 JIJIS MiJABUIIEHHS TOYHOCTI BUMIPIOBAHHS BOJIOTOCTI MPUPOJHOTO ra3y
HEOOXIIHO Yy BHUMIPIOBIbHIA Ta TOPIBHSUIBHIA KIOBETaX BCTAHOBIIIOBATH
TEMIIEpaTypH1 JaTUUKH.

[IpoananizoBaHo BIUIMB KOE(IIIEHTIB KOpPEryBaHHS 3a TEMIIEPAaTypor0 Ha
MoXuOKy BUMIPIOBaHHS BOJIOTOCTi, HA OCHOBI SIKOTO MOXXHa 3pOOUTH BHUCHOBOK, IIIO
BUKOPUCTaHHS TIOKa3HWKa OcCiabJieHHs CcyXoro TmoBiTps K., TOMPaBOYHOTO
koedinienta Kypoc) mpu 0°C 1 TeMmepaTypHOro MOMNpPaBOYHOTO KoedimieHta Ki
JI03BOJISIE 3 BUCOKOIO TOYHICTIO KOMITGHCYBATH Pi3HUITIO JTICJIEKTPUIHOT IPOHUKHOCTI
cyxoro Mertany i cyxoro nositps. [loxubka npu 3mini1 Temmnepatypu Big 0°C o 10°C
He nepesunrye 0,01%, a BigHOCHa mMoxuOka At MpU BIACYTHOCTI KOpETYBaHHS 3a
TEMIIEPATyporo 1 mpu 3MiHI Temnepatypu noBiTpst BigHocHo 0°C Ha +1 °C 1 -1°C
npu3BOAUTH 10 MOxuOku +0,18%. O1iHeHo cepeaHiil TeMIepaTypHUd ONMpPaBOYHUN
koedirienT, mo BigHecenuit 1o 1°C, ctanoButh Ki= 0,000000535.

BcranoBneno, mepBUHHE TpajylOBaHHS 3aco0y BHUMIPIOBaHHS MOXHa
3MIMCHIOBAaTH 3a JIBOMa TOYKAMH: 32 TOYKOK "Hynb" aOCOMIOTHOI BOJIOTOCTI 1 3a
TOYKOIO, IO BIAMOBIZa€ aOCOMIOTHIM BOJOTOCTI TMOBITPST B NPHUMIIIEHHI, ¢
IPOBOAMTHCS TPAAyIOBaHHA 3ac00y (Tak K y BUMIPIOBAJIbHY KIOBETY 8 3aKauyeThCS
MOBITPSL 3 ITIEI0 K BOJIOTICTIO). BepxHs Meka Jiama3oHy BUMIPIOBAHHS BOJIOTOCTI
BCTAHOBJIIOETHCA 32 OaKaHHAM 3aMOBHUKA, ajie TIPU [IbOMY HEOOX1IHO BpaxOBYBaTH
BUMOT'Y pOOOTH 11071 Ha MPEaAMET JIHIHHOCTI BOJBTAMIIEPHOT XapaKTEPUCTHKH.

BuBeneni aHamiTHYHI 3aJ€XHOCTI JUIA OIIHKH OCHOBHHX CTAaTHYHHUX
METPOJIOTIYHUX XapaKTePUCTHUK 3aco0y BUMIPIOBaHHS BOJIOTOCTI Ta3y, OI[IHEHO
MOXJIMB1 3HAYCHHS IHCTPYMEHTAIBHUX Ta METOJWYHUX MOXMOOK BHUMIPIOBAaHb
KOHIICHTpAIlii Ta3iB 3a JIOMOMOIOK po3polOsieHoro 3aco0y. BcraHOBIEHO, IO
3arajbHa MOXWOKa BUMIpIOBaHb HE niepeBuIlye 2,43 %, kiac To4HoCTI — 2,5.

Po3pob6neno iHxeHepHy Metoauky npoektyBanHs HBY 3aco0y BuMiproBaHHS

BOJIOTOCTI Tra3y, Ha OCHOBI $IKOi po3p00JieHO (YHKIIOHAIBHY Ta EJIEKTPUUHY



MPUHLIUIIOBY CXEMH, BUTOTOBJICHO €KCIIEPUMEHTALHUHN 3pa30K 3ac00y BUMIPIOBAHHS
Ta IPOBEJEHI HOTr0 eKCIIEPUMEHTAIbHI TOCIIIKEHHS.

Po3pobneno anroputmMu Ta mporpamHe 3a0e3meueHHS i OTPUMaHHS Ta
00poOKHM KOHTPOJIbHO-BUMIpIOBAIbHOI 1H(OpMalii: 3untyBanHs gaHux 3 USB nopty
Ta 30epexeHHs B (aiiyl BUBEJACHHS pe3yibTaTiB BUMIPIOBaHHS B TaOMM4HIN (hopmi Ta
y BUIJISAAI TpadikiB, 10 J03BOJISIE CKOPOTUTU TPYAOMICTKICTh Ta 3aTpaTd yacy Ha
OTpUMaHHs, 00pOOKyY Ta 30epiraHHs BUMIPIOBAIBHOI 1HPOpMAIi.

3anporoHOBaHO METOJUKY EKCIIePUMEHTAIBHUX TOCIiIKeHb PO3POOJIEHOTO
aHamizatopa. IlpoBeneHi JOCHIKEHHS Aald 3MOTYy OTpuUMaTH 256 3HAuYeHb Y
mianmasoni ab6comoTHOT BojorocTi Binm 0,454 r/M3mo 17,0 r/m3. BeranoBneno, 1mo
3aci0 J03BOJIss€ BUMIPIOBATH BOJIOTICTh B 3aJIaHOMY Jiana3oHi. AHalli3 pe3yJbTaTiB
eKCIIEPUMEHTAIBHUX 1 TEOpeTHUHUX nociimkenp HBUY Bosoromipa mokaszas, 1o
noxuOKa 3aIpoNOHOBAaHOT MO/IeNi He mepeBuIrye 7%.

[Ipy nmochikeHH1 XapaKTepUCTHK 3aco0y BHUMIPIOBAHHS IPOBOJIUIUCH
BUMiproBaHHs abcomoTHOI BosorocTi razy mpu 1,167 r/m3, mo Bimnosinae — 19 °C
Temrneparypu Touku pocu. [Iporsrom 30 xB. gociimkeHHs oTpuMano 500 TOUOK
3HavyeHHS BOJIOTOCTI Ta3y 3ajaBajocs KaliopyBaiabHOKO cucTteMoro Michell Dew
Point Calibration System. 3a pe3ynbraTaMu BUMIPIOBaHb BOJIOI'OCTI OIIIHEHO OCHOBHI
CTATUCTUYHI XapaKTEPUCTHKH Ta MOOYIOBAaHO 3aKOHW PO3MOALTY KOHTPOJIHOBAHOI
BEJIMYMHU, BIJHOCHOT TIOXMOKM BHUMIPIOBAHHS BOJIOTOCTI Ta CYMICHHH 3aKOH
po3noziny, HpH ILbOMy abOcomoTHa mnoxubka He mnepesumrye 0,029 1/ M3
[TinTBEepMKEHO BUCOKY 301KHICTH PE3yJIbTATIB TOCIIIKEHHS.

HaBeneHo mopiBHSUTBHI XapaKTEPUCTHKU PO3POOICHOTO 3ac00y BUMIPIOBAHHS
BOJIOT'OCTI MPUPOIHOTO razy Ta morokoBoro HBY Bonoromipa, po3poOHHKOM SKOTO €
BonaroYpanHUIIN-ra3. IlpuHnun poOOTH BiIOMOIO BOJIOTOMIpa 3aCHOBAaHHUM Ha
BUMIPIOBaHHI CTYIICHS TOTJIMHAHHSA €HEPTii eJIeKTPOMArHITHUX XBHJIb HAJBUCOKOI
YaCTOTH BOJOIO 1 PEUOBMHOIO, 110 KOHTPOJIOETHCS. 3a pe3yiabTaTaMH MOPIBHIHHS,
MO>XHa 3pOOWTH BHCHOBOK IPO BIAMOBIMHICTh PO3POOJICHOTO 3ac00y BUMIpIOBaHHS
BOJIOTOCTI TOCTaBJIICHMM BHUMOTaM, OCKUIbKH pO3poOJeHUi 3acid JaB 3MOry

MIJABUIIATH YYTIUBICTH 1 TOYHICTh BUMIPIOBAHHS.
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BHUMIpPIOBaHHS BOJIOTOCTI MPUPOJIHOTO a3y, YyTJIUBICTh, MOXUOKA BUMIPIOBaHHS.
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The dissertation is devoted to solving an important scientific and practical
problem of improving the accuracy of measuring the humidity of natural gas.

The object of research is the process of measuring the humidity of natural gas.

The subject of research is the methods and means of measuring the humidity of
natural gas during its transportation.

One of the most important tasks in the transportation of natural gas is the
assessment of moisture content as one of the main indicators of its quality. In
addition, water vapor increases the cost of pumping gas, degrades the quality of the
final product, accelerates the corrosion of the pipeline, reduces the capacity of the
pipeline, damages filters, taps, compressors. To prevent these processes, it is
necessary to accurately predict and control the humidity of the transported natural
gas.

The paper analyzes the existing devices and methods for measuring the
moisture content of natural gas, identifies their main shortcomings. The analysis
showed that the most common methods of measuring the humidity of gases are only
five basic practical and most common methods of measuring the humidity of gases:
dielectric, condensing, electrolytic, capacitive, micro-weight. However, these

methods have a number of disadvantages and require further improvement.



The classification of modern gas humidity meters according to the design,
physics of the transformation process and measurement features has been developed.
The physics of the transformation process is chosen as the main feature, because it is
the physical mechanism of operation that determines the variety of existing
measurement methods and the direct technical implementation of the measuring
device.

The main features of natural gas humidity measurement are analyzed. The most
common for the practical use of measuring the humidity of gases means by dew point
temperature are described in detail. The analysis showed that the existing
measurement algorithms do not allow to measure the humidity of natural gas with the
required accuracy due to the difficulty of detecting two temperatures of dew points at
the same time. A comparative analysis of methods and tools that have the greatest
practical application for measuring the humidity of natural gas and that fully satisfy
the conditions in which moisture control is performed. Ways of further researches are
offered and the basis of improvement of a dielmetric microwave method and
development on its basis of means of measurement of humidity of natural gas is
taken.

Studies of the object of measurement and the impact of microwave radiation on
the gaseous medium. The choice of waveguide microwave method for measuring the
humidity of natural gas is substantiated, in which, in contrast to the known ones, the
use of a traveling wave in a waveguide is proposed.

A mathematical model of microwave measurement of natural gas humidity
conversion is proposed, the essence of which is to measure the change in microwave
power of a traveling wave signal at the waveguide output corresponding to gas
humidity. The dependence of the power of the traveling wave on the absolute
humidity of water vapor at different values of the length of the microwave signal in a
humid environment, taking into account temperature and pressure.

It is established that with the increase of absolute humidity of water vapor the
intensity of radiation decreases exponentially. The length of the electromagnetic
wave, as well as the distance of the microwave signal determines the sensitivity

threshold of the measuring conversion of humidity. In addition, it was found that the



value of the error introduced by the influence of temperature and pressure is
insignificant. The structural scheme of the microwave measuring transducer of
natural gas humidity is offered, the principle of its work is described.

The process of measuring the humidity of natural gas by modeling an
equivalent scheme describing a binary heterogeneous system, which corresponds to
the mathematical model of the microwave measuring transducer. As a result of
comparing the characteristics of the obtained equivalent circuit and the proposed
mathematical model of the microwave transducer, it was found that the deviation
error of the models does not exceed 3%.

A two-channel microwave measuring transducer of natural gas moisture and its
mathematical model are proposed. The conversion function and static characteristic
are obtained. The mathematical model takes into account the value of the dielectric
constant of the gas of the measuring and support channels, as well as the value of
temperature and pressure of natural gas of the measuring channel. The principle of
operation of a microwave measuring transducer is described, which contains a
microwave generator, attenuator, waveguide tee, waveguide comparison section,
temperature and pressure sensor, channel switches, measuring cuvette, amplifier,
indicator device. The presence of a reference channel allowed to increase the
accuracy of measurement, because the two-channel system does not control the
instability of the input microwave signal supplied by the generator, as well as its own
power losses. The results of the research make it possible to assert the prospects of a
microwave measuring transducer for the practical application of measuring the
humidity of natural gas using a traveling wave.

On the basis of the conducted researches the microwave means of
measurement of humidity of natural gas are offered. The principle of operation of the
measuring instrument is described, which contains a two-channel microwave
measuring transducer, temperature and pressure sensors, an amplifier, a
microprocessor, a processing unit and an indicator device.

A mathematical model of natural gas humidity measuring instrument has been

developed, which takes into account the value of dielectric constant of gas of



measuring and support channels, and contains temperature correction coefficients, the
use of which allows to increase the accuracy of moisture measurement.

The analysis of temperature errors is carried out, on the basis of which it is
possible to draw a conclusion that for increase of accuracy of measurement of
humidity of natural gas it is necessary to establish temperature sensors in measuring
and comparative cuvettes.

The influence of temperature adjustment coefficients on the humidity
measurement error is analyzed, on the basis of which it can be concluded that the use
of dry air attenuation index Ks, correction coefficient Kp (0°C) at 0°C and
temperature correction factor Kt allows a high accurately compensate for the
difference in dielectric constant of dry methane and dry air. The error when changing
the temperature from 0°C to 10°C does not exceed 0.01%, and the relative error At in
the absence of temperature adjustment and when the air temperature changes relative
to 0°C by +1°C and -1°C leads to an error £ 0.18%. The estimated average
temperature correction factor, referred to 1°C, is Kt = 0,000000535.

It is established that the primary calibration of the measuring instrument can be
performed at two points: at the point "zero" of absolute humidity and at the point
corresponding to the absolute humidity in the room where the calibration is
performed (as in the measuring cuvette 8 air is pumped with the same humidity ). The
upper limit of the humidity measurement range is set at the request of the customer,
but it is necessary to take into account the requirement of the diode for the linearity of
the current-voltage characteristic.

Analytical dependences for estimation of the basic static metrological
characteristics of means of measurement of humidity of gas are deduced, possible
values of instrumental and methodical errors of measurements of concentration of
gases by means of the developed means are estimated. It is established that the total
measurement error does not exceed 2.43%, accuracy class - 2.5.

An engineering method of designing a microwave instrument for measuring
gas humidity has been developed, on the basis of which a functional and electrical
schematic diagram has been developed, an experimental sample of the measuring

instrument has been made and its experimental studies have been carried out.



Algorithms and software for obtaining and processing control and measuring
information have been developed: reading data from the USB port and saving the
measurement results to a file in tabular form and in the form of graphs, which reduces
the complexity and time required to receive, process and store measuring
information.

The technique of experimental researches of the developed analyzer is offered.
The studies made it possible to obtain 256 values in the range of absolute humidity
from 0.454 g/ m3to 17.0 g/ m3. It is established that the tool allows you to measure
humidity in a given range. Analysis of the results of experimental and theoretical
studies of the microwave hygrometer showed that the error of the proposed model
does not exceed 7%.

When studying the characteristics of the measuring instrument, the absolute
humidity of the gas was measured at 1.167 g / m3, which corresponds to - 19 0C dew
point temperature. Within 30 minutes the study obtained 500 points The value of gas
humidity was set by the calibration system Michell Dew Point Calibration System.
Based on the results of humidity measurements, the main statistical characteristics are
evaluated and the laws of distribution of the controlled quantity, relative error of
humidity measurement and compatible distribution law are constructed, while the
absolute error does not exceed 0.029 g / m3. High convergence of research results
was confirmed.

The comparative characteristics of the developed means of measuring the
humidity of natural gas and the flow microwave moisture meter, the developer of
which is VolgoUralNIPI-gas, are given. The principle of operation of the known
hygrometer is based on measuring the degree of absorption of energy of
electromagnetic waves of ultrahigh frequency by water and the controlled substance.
Based on the results of the comparison, it is possible to draw a conclusion about the
compliance of the developed means of measuring humidity with the set requirements,
as the developed means allowed to increase the sensitivity and accuracy of

measurement.



Key words: ultrahigh-frequency measuring transducer, traveling wave,
dielectric constant, partial pressure, humidity, two-channel measuring transducer,
natural gas, microwave means of measuring natural gas humidity, sensitivity,

measurement error.
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