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1. O6’eKTOM IHMCEPTALIITHOTO JOCTiIKEHHS € ITPOL,eC BUMIPIOBAaHHS BOJIOTOCTi IPUPOIHOrO razy. Mera
IUCEPTALIHOTO NOCiIKEHHS NIOJISTa€ y MiABUILIEHHI TOYHOCTI BUMiPIOBAaHHS BOJIOTOCTI ra3y Ha OCHOBI
BHMKOPHUCTaHHS Bi]MIHHOCTE! y IIOTJIMHAIYMX BIacTUBOCTSIX HBY 6iky4oi XxBUJli, 1110 IPOXOJIUTh Yepes3 CyXUil
IPUPOJHUM ra3 i BogsHy napy. I1in yac poboTu HaJ AucepTali€lo BAKOPUCTOBYBAJIMCh TEOPIis €J1€KTPOMArHiTHOrO
110J151 HA OCHOBI TexHiku nomupeHHs: HBY xBUJIb B ra3oBUX CepeOBULIAX; TEOPisl BUMiIPIOBaHb; TEOPisl IOXMUOOK i
00pOOKY pe3ysIbTaTiB BUMIPIOBaHb, METOI BUMIPIOBAHHS BOJIOTOCTi ra30BUX pe4oBUHY, (i3UYHOrO Ta
MaTeMaTU4YHOIO MOJIEJIIOBAHHS; METOIU MaTeMATUYHOI CTAaTUCTUKHU IIPU OOpOOLi Pe3yJIbTaTiB; METOIU

METPOJIOTIYHOI arecTallii i MOBipKM He CTaHAAPTU30BaHUX 3aC00iB BUMipIOBaHH:. TeopeTuyHi pe3yibTaTu:



YAOCKOHAJIEHO MaTEMATUYHY MOJi€JIb TIePEHECEHHS BUIIPOMiHIOBaHHS B CEPELOBUIILI BOJIOTOTO Ta3y, sKa aJjeKBaTHO
onucye (pizuyHi mpouecy Ta B 5Kiii, HA BiTMIHY Bifi BilOMUX, I'yCTHHA BOJIOTOr'0 ra3y B 3arajbHOMY BUIIAKY
[IPENICTABJISAETbCA K CyMa I'YCTUH CyXOi YaCTUHY [IPUPOIHOrO ra3y Ta BOASHOI IIapy IPU iX NapljiajJbHAX TUCKAX i
TEeMIIEPaTypi 3 ypaxyBaHHSIM [TOKAa3HUKIB [IOTJIMHAHHS IPUPOJHOrO CYXOro ra3y Ta BofAsiHoi napu. OTpumas
NOJAJbIINI PO3BUTOK METO/, BUMIPIOBAaHHS BOJIOrOCTi mpupogHoro razy B HBY o6sacTi, skuii Ha BigMiHy Bif,
BiZJOMUX, BiIPI3HSETHCS TUM, 110 3HAYEHHS BOJIOTOCTi ra3y OTPUMYIOTh HAa OCHOBI CIiBBiTHOIIEHHS [I0Ka3HUKIB
IIOTJIMHAHHS [IPUPOAHOTO CyXOro ra3y Ta BOZSHOI [1apy B pe3yJIbTaTi BUKOPUCTaHHS «6bky4oi» HBY xBui nesHoi
TOBXKWHH, IO 1aJI0 3MOTY 326€3TeYUTH MiBUIIEHHSI TOYHOCTI Ta BUCOKOi 36)KHOCTi pe3yJbTaTiB BUMipIOBaHHS Ta
3aMPOINOHYBATH OJHOKAHAJIbHUI Ta NBOKAaHAJBHUI BUMIipIOBaJIbHI IEPETBOPIOBAYI 17151 MOTO 3MiICHEHHS. Bniepiie
3aIpPOIIOHOBAHO MaTeMaTUyHy Mojesb HBY BuMipioBasibHOTO NIepeTBOPIOBaYa BOJIOTOCTI HA OCHOBI ODKy40i XBUJIi
Ta Ha ii OCHOBi OTPMMAaHO PiBHSIHHS IEPETBOPEHHS IBOKAHAJILHOTO BUMIPIOBaJIbHOTO IEPETBOPIOBAYA, SIKa
OJHO3HAYHO I10B'A3y€ BUXiIHY BEJIMYMHY — CIIiBBiIHOIIEHHS NNOTY>KHOCTEN BUMIPIOBAJIbHOI'O Ta OTIOPHOTO KaHaJIiB
Ta BXiJJHYy — 3HaYE€HHS BOJIOTOCTI, [IPUBEJIEHOI 10 HOPMaJIBHUX YMOB. JI0BEI€HO, 10 IPY BUKOPUCTAHHI
IBOKAQHAJIbHOI CXEMHU MYJIbTUILIIKATUBHA IIOXMOKA, sIKa BUHUKAE B [Tpolieci HecTabinbHOCTI mykepesna HBY curnany,
IeBiallii YaCTOTU Ta BJIACHUX BTPAT XBUJIEBOiB 3MeHIIyeThbcs B 1,3-1,5 pa3u. OTpumara nojaabpiiuil pO3BUTOK
maremaTuyHa mogesnb HBY 3acoby BuMipioBaHHS BOJIOTOCTI, 110 [1aJI0 3MOTy OTPUMATH PiBHSHHS [I€pPETBOPEHHS,
K€ OJHO3HAYHO I0B'S13y€ BUXIIHY BEJIMYMHY — 3HAYEHHS [IOTYKHOCTI IT€BHOI NOBXMHU xBUJi HBY reHeparopa ta
BXiZIHY — 3HaUY€HH:I abCOJIIOTHOI BOJIOTOCTI, 110 NO3BOJINJIO OTPUMATH CTaTUYHY XapaKTEPUCTUKY I pO3pOoOUTH
IIPUHLIMIIOBO HOBUI 3aCi6 BUMipIOBaHHS BOJIOTOCTI 3i CTabiIbHUMU METPOJIOTIYHMMU Ta €KCILTyaTaliiiHUMU
XapaKkTepucTuKaMmu. ExcriepymMeHTasbHO OBEIEHO, 1110 3aC00H, SIKi peasi3yioTh el MeTo, XapaKTepU3yThCs
HU3bKOIO [10XMOKOI0 BUMipIOBaHHS Ha piBHI 2,5%. [IpakTU4HI pe3ysbTaTy OTPUMAHUX PE3YJIbTATIB MOJISAral0Th y
pO3po6Li Ta BIIPOBaIKEHHI ekcriepruMeHTaabHOro 3pa3ka HBY 3aco6y BUMIpIOBaHHS BOJIOTOCTI, SIKUH Bipi3HSIETHCS
TUM, 110 AJ1 TMiABUILIEHHS TOYHOCTI BpPaXOBaHi MOIJIMHAKYI BIACTUBOCTI IIEBHUX JOBXMUH XBUJIb SK JIJIS1 CYXOrO rasy,
TaK i BOASHOI [Iapy B Pe3yJIbTaTi IPOXOJKEHHS Yepe3 ra3oBe CepeoBule. B pe3ysibTaTi METPOJIOTTYHUX
IOCTiI)KEeHb €eKCIIEPUMEHTAILHOTO 32C00Y BCTAaHOBJIEHO MOXJIMBICTh BUMiPIOBAaHHSI BOJIOTOCTI B Aiana3oHi
TeMIIepaTypu TOuku pocH (T. T. p.) =300 C... +30 oC, mo BianoBigae 3Ha4eHHIO a6COMOTHOI BostorocTi 0, 454 r/m3
..... 30,37 r /M3, MmakcrMasbHa 3BeJieHa ToxnuOKa 3aco0y BUMIipIOBAHHSI BOJIOTOCTi He nepeBuinye 2,43%, a Kjac
TOYHOCTI 2,5. PO3p06s1€eHO METOJIUKY €KCIIEPUMEHTAIbHOTO BU3HAYEHHS [TOKAa3HUKIB [IOTJIMHAHHS IPUPOJHOTO
CyXOTO rasy Ta BOJSHOI ITapH, a TaKOX €KCIIEPUMEHTAJILHOTO BUOOPY JOBXUHU XBUJIi JIKepesia BUTPOMIHIOBAHHS SIK
IJIS1 CyXOro rasy, Tak i AJ1s1 BofsHoi napu. Po3pob6ieHo meTonuky rnpoekryBaHHsl HBY 3acoby BUMipIOBaHHS
BOJIOTOCTi IIPUPOJHOTO ra3y, sKa CKJIaA€ThCS 3 TPhOX OCHOBHUX YaCTHH: IEPBMHHOIO BUMIPIOBAJIILHOTO
[IepeTBOPIOBayYa, 6J10Ka OOPOOKYU CUTHAJIIB i aJITOPUTMY aBTOMAaTUYHOTO BUMipIoBaHHS. OTpHMMaHi i pe3ysbTaTi
BIIPOBAJKEHI Y BUTJISAIi €EKCIIEPMMEHTAIbHOTO 3pa3ka HBY 3acoby BUMipIoBaHHS BOJIOTOCTI, po3po6JeHi Ta
BIIPOBA)KEHi OKpeMi pe3yJsibTaTy AucepTauiiiHoi poboTtu y AT «XapkiBras», 30Kpema, MeToJuKa 06paxyHKy
KoeilieHTiB [IOrJIMHAaHHS BOJSHOI [IapU Ta CyXOro rasy, a TakKoX TeMIlepaTypHa KOPEKLis, 110 J03BOJIMIIO
MigBULIUTY TOUYHICTh BUMIPIOBaHHS BOJIOTOCTI MPUPOLHOTO ra3dy, Ta y HaBuyaJbHUE Npoliec kKadpeapu eleKTPOHIKY Ta

HaHOCHUCTEM BiHHMIIBKOTO HalliOHATILHOTO TEXHIYHOTO YHIBEPCUTETY.

2. The object of the dissertation research is the process of measuring the humidity of natural gas. The purpose of
the dissertation research is to increase the accuracy of gas humidity measurement based on the use of differences
in the absorbing properties of the microwave traveling wave passing through dry natural gas and water vapor.
During the work on the dissertation the theory of electromagnetic field based on the technique of microwave wave
propagation in gaseous media was used; measurement theory; theory of errors and processing of measurement
results, methods of measuring the humidity of gaseous substances, physical and mathematical modeling; methods
of mathematical statistics in the processing of results; methods of metrological certification and verification of
non-standardized measuring instruments. Theoretical results: improved mathematical model of radiation transfer
in a wet gas environment, which adequately describes the physical processes and in which, in contrast to the
known, the density of wet gas in the general case is represented as the sum of densities of dry natural gas and
water vapor at their partial pressures and temperatures taking into account the absorption of natural dry gas and



water vapor. The method of measuring the humidity of natural gas in the microwave region, which, unlike the
known ones, differs in that the values of gas humidity are obtained on the basis of the ratio of natural dry gas and
water vapor absorption as a result of using a "running" microwave wave of a certain length. the ability to increase
the accuracy and high convergence of measurement results and offer single-channel and two-channel measuring
transducers for its implementation. For the first time, a mathematical model of a microwave moisture transducer
based on a traveling wave was proposed, and on its basis the transformation equation of a two-channel measuring
transducer was obtained. It is proved that when using a two-channel scheme, the multiplicative error that occurs
in the process of instability of the microwave signal source, frequency deviation and natural losses of waveguides
is reduced by 1.3-1.5 times. The mathematical model of the microwave humidity measuring instrument was further
developed, which made it possible to obtain the transformation equation, which unambiguously connects the
initial value - the power value of a certain wavelength of the microwave generator and the input - the value of
absolute humidity, which allowed to obtain static humidity with stable metrological and operational
characteristics. It is experimentally proven that the tools that implement this method are characterized by a low
measurement error of 2.5%. The practical results of the obtained results are the development and implementation
of an experimental sample of a microwave humidity measuring instrument, characterized in that the absorption
properties of certain wavelengths for both dry gas and water vapor as a result of passing through a gaseous
medium are taken into account. As a result of metrological researches of experimental means the possibility of
measurement of humidity in the range of temperature of a dew point (so-called) - 300 C... +30 oC that corresponds
to value of absolute humidity of 0,454 g / m3... ..30,37 g / m3, the maximum aggregate error of the humidity
measuring instrument does not exceed 2.43%, and the accuracy class is 2.5. A method of experimental
determination of natural dry gas and water vapor absorption indices, as well as experimental choice of radiation
wavelength for both dry gas and water vapor has been developed. A method for designing a microwave instrument
for measuring the humidity of natural gas has been developed, which consists of three main parts: a primary
measuring transducer, a signal processing unit and an automatic measurement algorithm. The obtained results are
implemented in the form of an experimental sample of microwave humidity measuring device, separate results of
dissertation work in AT "Kharkivgas" are developed and implemented, in particular, the method of calculation of
water vapor and dry gas absorption coefficients, as well as temperature correction, and in the educational process
of the Department of Electronics and Nanosystems of Vinnytsia National Technical University.
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