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1. O6’exTOM IMCEPTALiIHOTO JOCIiKEHHS € ITPOLIeC BUMIPIOBaHHS BOJIOTOCTi IPMPOJHOrO razy. Mera
IUCEPTALiHOrO NOCIIKEHHS TI0JIATa€ y MiABUIIEHHI TOYHOCTI BUMiPIOBAHHS BOJIOTOCTI ra3y Ha OCHOBI
BUKOPUCTAHHS BiIMiHHOCTEN y MOIJIMHAIOYUX BAacTUBOCTIX HBY 6iKy4oi XBuli, 10 IPOXOLUTb YEPE3 CyXuil
IIpUpOAHUM ra3 i BogsHy napy. I[1in yac poboTu HaJ, AucepTalielo BUKOPUCTOBYBAJIMCh TEOPisl €1eKTPOMAarHiTHOro
107151 Ha OCHOBI TexHiku nomupeHHss HBY XBuib B ra30BUX CepeoOBUILAX; TEOPis BUMIPIOBaHb; TEOPisl MOXUOOK i
00pOOKY pe3yJIbTaTiB BUMipIOBaHb, METOAY BUMiPIOBAaHHS BOJIOTOCTi ra30BUX PEYOBUHU, Pi3UYHOTO Ta
MaTeMaTUYHOI'O MOJEJIOBAHHS; METOIY MaTeMaTUYHOI CTATUCTUKY IIPU 00poOLi Pe3yIbTaTiB; METOIU
METPOJIOTiUHOI arecTallii i IOBipKM He CTaHAAPTU30BaHUX 3ac06iB BUMipioBaHHS. TeopeTuyHi pe3yibTaTu:
YIOCKOHAJIEHO MaTeMaTUYHy MOZEJIb [IEPEHECEHHS BUIIPOMIHIOBAaHHS B CEPEIOBHUIII BOJIOIOTO a3y, sIka aleKBaTHO
onmcye (pisuyHi mporecy Ta B fAKiii, HA BiTMiHY Bifi BilOMUX, I'yCTHHA BOJIOTOI'0 ra3y B 3araJbHOMY BUIIAIKY

MIPENICTABIISAETHCA IK CyMa I'YCTAH CyXOi YaCTMHU [IPUPOJHOrO ra3dy Ta BOASHOI Iapy NpU iX NapljiajlbHAX TUCKAX i



TeMIIepaTypi 3 ypaxyBaHHSIM MOKa3HUKIB MOTJIMHAHHS IPUPOJHOTO CyXOT0 rasy Ta BoAsHoiI mapu. OTpumasn
[I0/IA/IbIINI PO3BUTOK METO]], BUMIPIOBaHHS BOJIOTOCTi IpuponHoro rasy B HBY obiacri, sikuil Ha BigMiHy Bin
BiZJOMUX, BiJPI3HSE€THCS TUM, 110 3HAYEHHS BOJIOTOCTI ra3y OTPUMYIOTh HAa OCHOBI CITiBBiTHOLIEHHS [10Ka3HUKIB
IIOTJIMHAHHY [IPUPOLHOTO CYyXOro ra3y Ta BOASHOI [1apy B Pe3yJIbTaTi BUKOPUCTaHHS «6iky4oi» HBY xBui nesHoi
IOBXKWHH, IO [1aJI0 3MOTY 326€3eYUTH MiJBUILEHHSI TOYHOCTI Ta BUCOKOI 36)KHOCTI pe3yJbTaTiB BUMipIOBaHHS Ta
3aIPOIIOHYBATH OJHOKAHAJIBLHUI Ta NBOKAaHAJIBHUI BUMIipIOBAaJIbHI [IEPETBOPIOBAYI 1J1s1 OTO 3MiICHEHHS. Brniepiie
3aIPONIOHOBAHO MaTeMaTU4YHy Moesb HBY BUMipioBasIbHOrO NIepeTBOPIOBAYa BOJIOTOCTI HA OCHOBI ODKy401 XBUJIi
Ta Ha ii OCHOBI OTPMMAHO PiBHSIHHS NIEPETBOPEHHS IBOKAHAJILHOI'O BUMiPIOBAJIbHOTO IIEPETBOPIOBAYA, SIKA
OJHO3HAYHO MOB'SI3y€ BUXiTHY BEJIMYMHY — CIIiBBiJHOMIEHHS NNOTY>KHOCTEN BUMIPIOBAJILHOIO Ta OTIOPHOTO KaHAJIiB
Ta BXiJJHYy — 3HaYE€HHS BOJIOTOCTI, [IPUBEJIEHOI 10 HOPMAJIBHUX YMOB. JI0OBEI€HO, 10 [IPY BUKOPUCTAHHI

I BOKAQHAJIbHOI CXEMU MYJIbTUILIIKATUBHA IIOXMOKA, SIKa BUHUKAE B [TpoLeci HecTabinbHOCTI mkepesna HBY curnany,
IeBiallii yaCTOTHM Ta BJIACHUX BTPAT XBUJIEBO/IB 3MeHIIyeThCA B 1,3-1,5 pazu. OTpumasa nojanbunii pO3BUTOK
maremaTuyHa mozesnb HBY 3acoby BUMipioBaHHS BOJIOTOCTI, IO J1ajI0 3MOTY OTPUMATH PiBHSHHS [I€PETBOPEHHS,
sIK€ OJIHO3HAYHO I10B'sI3y€ BUXiHY BEJIMUMHY — 3HAUEHHSI IIOTY>KHOCTI I€BHOI JoBXUHU xBWiIi HBY reneparopa ta
BXiJIHYy — 3Ha4€HHS abCOJIIOTHOI BOJIOTOCTI, 1110 JO3BOJIUJIO OTPUMATH CTATUYHY XapaKTEPUCTUKY I pO3pOOUTU
IIPUHIMIIOBO HOBUM 3acib BUMIPIOBaHHS BOJIOTOCTI 3i CTabiIbHUMU METPOJIOTIYHUMU Ta eKCILTyaTallilHUMU
XapaKTepucTuKaMmu. ExcriepymMeHTanbHO OBENIEHO, 1110 3aC00H, SIKi peasi3yloTh el MeTOo, XapaKTeprU3yIThCs
HU3bKOIO [TI0XUOKOI0 BUMipIOBaHHS Ha piBHi 2,5%. [IpakTU4Hi pe3ysbTaT OTPUMAHUX PE3YJIbTATiB NOJISATaloTh Y
PO3pOoO6LI Ta BIPOBAIPKEHHI €KCIIEPMMEHTAIbHOTO 3pa3ka HBY 3aco6y BUMipIoBaHHS BOJIOTOCTI, SIKAiA Bilpi3HSA€ETbCS
TUM, 110 AJI TMiABUILEHHS TOYHOCTI BpPaXOBaHi MOIJIMHAKYI BIACTUBOCTI IIEBHUX JOBXUH XBUJIb K JIJIS1 CYXOrO rasy,
TaK i BOJSIHOI Napy B Pe3yJIbTaTi IPOXOIPKEHHS Yepe3 ra30Be CepefioBullLe. B pe3ybTaTi METPOJIOTiYHUX
IOCJIiIKeHb eKCIIEPUMEHTAILHOTO 3aCO0Y BCTAaHOBJIEHO MOXKJIMBICTh BUMipIOBAaHHS BOJIOTOCTI B Aiara3oHi
TeMIIepaTypH TO4ku pocu (T. T. p.) =300 C... +30 oC, mo Bianosigae 3HaYeHHIO a6CcoMOTHOI BosorocTi 0, 454 r/m3
..... 30,37 r /M3, makcrMasbHa 3BeJeHa [T0X1uOKa 3aco0y BUMIipIOBAaHHS BOJIOTOCTI He nepesuinye 2,43%, a Kjac
TOYHOCTI 2,5. PO3p06s1€HO METOINKY €KCIIEPUMEHTAIbHOTO BU3HAYEHHSI [IOKa3HUKIB [TOTJIMHAHHS IPUPOIHOTO
CyXOro rasdy Ta BOZASHOI [1apy, a TaKOXX eKCIIepPUMEHTATIbHOTO BUOOPY AOBKMHU XBUJIi IKepeJia BUIIPOMIHIOBAHHSI SIK
L7151 CyXOro rasy, Tak i AJ1s1 BoJsHoi napu. Po3po6sieHo MeTonuKy rpoektyBaHHsl HBY 3aco6y BUMipIOBaHHS
BOJIOTOCTi IPUPOJIHOTO Ta3y, sIKa CKJIAJAeThCsl 3 TPhOX OCHOBHUX YaCTHH: IEPBUHHOTO BUMipIOBAJIbHOTO
[IEPETBOPIOBAYA, 6J10Ka 0OPOOKYM CUTHAJIB i aITOpUTMYy aBTOMAaTU4YHOTO BUMipIoBaHHs. OTpUMaHi i pe3yabTatu
BIIPOBA/KEHI y BUTJISALi €KCIIepUMeHTanbHOro 3pa3ka HBY 3acoby BuMipioBaHHS BOJIOTOCTi, po3pobJeHi Ta
BIIPOBA)KEHI OKpeMi pe3ysIbTaTy AucepTaliiiHoi poboTu y AT «XapkiBras», 30kpema, MeToguKa 06paxyHKy
KoedilieHTiB [IOrJIMHAHHS BOJSHOI [IapU Ta CyXOro rasy, a TaKoX TeMIIepaTypHa KOPEKLis, 10 J03BOJIMIIO
HiABUIIVTY TOYHICTh BUMiPIOBAHHS BOJIOTOCTI IPUPOLHOTO ra3y, Ta y HaBYaJIbHUM MpoLec Kadenpu eJeKTPOHIKY Ta

HaHOCHUCTEM BiHHMIIBKOrO HalliOHAJILHOTO TEXHIYHOT'O 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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