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Pedepar:

1. B po6ori 3pilicHEHNI aHali3 Cy4aCHOTO CTaHy HayKOBOI'O, HOPMAaTUBHOTO i TEXHIYHOrO 3a0€311eYeHHs IpU
BUMIpPIOBaHHI TEIVIOTU 3TOPSIHHS IPUPOJHOTro rady. [IpoaHanizoBaHO NOHSTTS TENJIOTU 3TOPSHHS IPUPOJHOrO rasy.
Po3risiHyTO NpsMi i onlocepenKOBaHi METOAM [1J1S1 BUBHAUYEHHS TEIJIOTU 3rOPSHHS IPUPOLHOrO ra3y i TEXHiYHi
3acobu J1s peasisalii 1uX MeTOAiB B 1a60OpPaTOPHUX YMOBAX i IpY MPOBEJEHHI €KCIIPEC-KOHTPOJIIO SIKOCTI
IIPUPOJHOrO rady y CriokvpauiB. OLiHEHO Cy4aCHY BiTYM3HSHY i 3aKOPAOHHY HOPMAaTUBHY 0a3y 171 BU3HAY€HHS
TEIJIOTU 3TOPSHHS NPUPOJHOro rasy. [lokazaHo, 0 BUMIPIOBaHHS TENJIOTU 3TOPSHHS IPUPOJHOrO rasy 3a micuem
J10TO0 CIIOKVBaHHS € HEOOXiIHOIO CKJIa[0BOIO JJ1s1 MiIBULILEHHS TOYHOCTI 00J1iKy IPUPOHOrO a3y i MoXXe OyTU
peasizoBaHo. Ha nmifcrasi NpoBeieHOro aHasli3y OOIPYHTOBAHO aKTYaJIbHICTb i JOLIJIbHICTh BIOCKOHAJIEHHSI METO/IB
i 3ac06iB 1J151 BUMIPIOBAHHS TEIJIOTH 3rOPSIHHS IPUPOJHOTrO rasy 3a MiclieM ra3ocnoxuBaHHs. CHOpMyIbOBAaHO

3aBfaHHS, SKi 10TPeOyIOTh BUPIlIeHHS], i OOrpyHTOBaHO HAIIPSIMU JUCepTalifHUX NocinkeHs. [IpoBeneHi



TE€OPETUYHi JOCIiIKEHHS [IPOLeCy BUMiPIOBAHHS TEIJIOTU 3TOPSHHS IPUPOJHOrO ra3y Ha 3acaflaX BUKOPUCTAaHHS
TeMIIePATyPU CIIAJIIOBaHHS IPUPOJHOTO ra3y K OCHOBHOTO BUMipIOBaHOTrO iH(OPMATUBHOrO NapaMeTpa.
JocninkeHo ¢pakTopH, sKi BIJIMBAIOTh HA TEMIIEPATYPy 3rOPSHHS rasy. Po3risiHyTi TeOpeTHyHi 3acafiy 3TOPsSIHHSA
TOPIOYHX ra3iB, sIKi JO3BOJIMJIM OOIPYHTYBATH IATEHTO3AXUIIEHUI 32 Y4aCTIO 30,00yBAaYKH CIIOCi6 excIipec-
BM3HAYEHHS TEIJIOTY 3TOPSIHHSA rasiB 3a ix TEMIIEPATypPOIO CIAIOBAHHS 3 OGHOYACHUM TOYHUM BUMIPIOBaHHSIM
BUTpPATH i TapaMeTPiB rasy, sIKAii MOLAETHCS B I1aJIbHUK, Ta IaPAMETPiB HABKOJINIIHBOTO CEPENIOBUIIA, B IKOMY
BiZlOyBa€eThCsI 3rOPsIHHS JOCiIKyBaHOro rasy. Ha 6a3i KoMI'lIoTepHOTro MOZE/II0BaHHS LOCJIIIPKEHO BIIJIUB BOJIOTOCTI
IOCJIiIKYBAHOTO Ta3y i BIUIMB BOJIOTOCTI MOBITPSI HABKOJIMIIHBOTO CEPELOBUIIA HA PE3YJIbTaT BUMiPIOBaHHS
TEIJIOTY 3rOPSIHHS IPUPOJHOTrO ra3y. AHaJIOTiYHUM METO/IOM JOCTiIKEHO B3a€MO3B 30K (Pi3MUHMX XapaKTEPUCTUK
i KOMIIOHEHTHOTO CKJIafy IIPUPOLHOTO ra3y 3 MOro TEIJIOTOO 3TOPSIHHS 3a YMOBU BUMIDIOBaHHS BUTPATU rasy
TOPLIEBMMU 3BY>KyBaJIbHUMU II€PETBOPIOBaYaMu. JJOCIiKEHO BIIMB IYCTUHU ra3y i BMICTy a30Ty Ha [TOKa3HUK
agniabaru i koedillieHT pO3MMPEHHS Ta3y 32 YMOB BUMIPIOBAHHS BUTPATU 3 BUKOPUCTAHHSM TOPLIEBOTO
3BY>KyBaJIbHOTO IIPMCTPOIO y CKJIAJi aJIbHUKA CIIAJII0BAHOTO rasy i, Ik HaCJIiIOK, BIUIMB Ha PE3yJIbTaTU BU3HAYEHHS
3a LIIX YMOB TEIIJIOTHU 3TOPSIHHS [IPUPOLHOrO rady. 3a pe3ysbTaTaMU TEOPETUYHUX i eKCIIEpUMEHTATIbHUX
IOCJIiZIPKeHb OTPMMaHa MaTeMaTUYHA MO/IEJIb B3A€MO3B 13Ky TEIIJIOTU 3TOPSIHHS IPUPOAHOrO rasy 3 oro
TEMIIEPATYPOIO CIAJIIOBAHHS MPY 3TOPSIHHI CyMilllel ra3-IoBIiTPS Pi3HUX SIKICHUX CKJIAIiB KOMIIOHEHT, a TAKOX
pizHoOro ix o6’eMHoOro criBBigHOmEeHHS. OTpHUMaHi 3aJ1€5KHOCT] MiX TEIJIOTOIO 3rOPsIHHS IIPUPOLHOTO rasdy i Horo
TeII0(Pi3NIHUMU XapaKTEPUCTUKAMH 32 YMOBHU 3aCTOCYBaHHSI BUTPATOBUMIPIOBAJIbHMX TOPLEBUX 3BYKYBAJIbHUX
[IEPETBOPIOBAYIB y IPUCTPOI CMAJIIOBAHHS ra3y, MO AA€ MOKJIMBICTb JOCIIIKYBaTH BIIJIMB KOMIIOHEHTHOT'O CKJIAAy
IIPUPOJHOTrO raszy Ha iHpOpMaTUBHI IapaMeTpy 3ac00y BUMIPIOBAaHHS TEIJIOTH 3rOPSIHHS IPUPOJIHOTO rasy.
Po3p0671€HO i METPOJIOTIYHO NOCTiIKEHO aITOPUTM BU3HAYEHHS KoedillieHTa CTUCIMBOCTI 6iorasy, 1o €
HEeOO0XiIHOI0 YMOBOIO [TPY BU3HAYEHHI 10T0 TEIJIOTU 3rOPSIHHS PO3PO0JIEHUM METO/IOM Ha OCHOBI BUMipIOBAaHHS
TeMIIepaTypHU CIIaJI0BaHHs. Po3pobieHnii 1ab60paTOPHUI CTEH/, 1J1 €KCIIEPUMEHTANIbHUX JOCTiIKEeHb METOLY
BVIMiPIOBaHHS TEIUIOTH 3rOPSHHS IIPUPOJHOTO ra3y 3a MOro TEMIIEPATypOIo ClalioBaHHs. EKcriepyMeHTanbHO
JOCJIIZIPKEHO BILJIMB SIKICHOTO i KiJIbKICHOTO CKJIaJly ra30BUX CyMillle}l Ha TEMIIEPATYPY IMOJYM's TOCTIiI)KyBaHOT' O ra3y
3a Pi3HMX 3HAYEHb BUTPATU ra3y i 3MiHM YMOB MOT0 3rOpsHHA. EXCIIepYMEHTaNIbHUM IIJIIXOM 3iCHEHO
BMMipIOBaHHS PAKTUYHOI TEMIIEpaTypHU [1OJIyM’sl 1J1s1 yMOB JIaOOPATOPHOTO CTEHY i BCTAHOBJIEHO BiIMiHHICTb Lii€i
TEeMIIEpPaTypH NOJyM’s Bifl OBiIKOBUX NaHUX. BUsIBI€HO MOXJIUBICTh BUMiPIOBAaHHS TEMIIEPATYPH TOJIyM's
TEPMOIIEPETBOPIOBAYaMU 3 3aXMCHUMU KOKYXaMU i BpaxyBaHHS 1IbOro pakTopy NpU KanibpyBaHHi 3ac00y
BMMipIOBaHHS TE€IUIOTH 3rOPSIHHS IPUPOJHOTO ra3y. 3a pe3ysbTaTaMy €KCIIEPUMEHTAIbHUX AOCTIIKEHb
OOI'PYHTOBAHO MO>KJIMBICTD peasisalii IpuCTpPOI0 eKCIPeCc-KOHTPOJIIO TEIJIOTH 3rOPSIHHS IPUPOLHOTO ra3y IIIsIXOM
BMKOPHMCTaHHS iHPOPMATUBHOTO NTIApaMeTpa — TEMIIEPATyPHU 3TOPSHHS AOCIIIPKyBaHUX Ta3iB. PO3IJsHYyTO
IIPUKJIAJHI aCIIEKTU 3aCTOCYBaHHS BUMipPIOBAJIbHOTO KOHTPOJIIO TEIVIOTH 3rOPSIHHS B Cy4aCHUX JIIYMJIbHYKAX
IIPUPOJHOTrO rasy, sIKi CTOCYIOTbCS 3aCTOCYBAaHHSM B HUX eJ1eMeHTiB SMART-TexHOs10Tiil. PO3TJIIHYTO pe3yIbTaTh
METPOJIOTIYHUX NOCTiIKEeHb PO3PO6IEHOTO METOIY BUMipIOBaHHSI TEIJIOTU 3TOPSIHHS IPUPOJHOTO rasy.
[IpoBeneHuit METPOJIOTIYHUI aHAaJi3 METOY BU3HAYEHHSI TEIJIOTY 3TOPSIHHS IPUPOJHOrO ra3y Ha 6asi
3aCTOCYBaHHSI TeOpii MOXNOOK i KOHLeN1ii HeBU3HAYEHOCTI, SIKUI OOIPYHTOBY€E MOSKJIMBICT PAaKTUYHOTO

3aCTOCYBAHHS LIbOTO METO/Y 32 MiClleM ra30CIOKMBaHHSI.

2. The paper analyzed current state of the scientific, regulatory and technical means for measuring the heat of
combustion of natural gas. The concept of the heat of combustion of natural gas was studied. The direct and
indirect methods for measuring the heat of combustion of natural gas, as well as the technical means for
implementing these methods under laboratory conditions and when carrying out express control of the natural
gas quality at consumers’ places of residence were considered. The modern domestic and foreign regulatory
framework for determining the heat of combustion of natural gas was evaluated. It was shown that the
measurement of the heat of combustion of natural gas at the place of its consumption is a necessary component to
improve the accuracy of natural gas consumption metering and can be implemented. The conducted analysis was
used to substantiate the relevance and appropriateness of improving the methods and means for measuring the
heat of combustion of natural gas at the place of its consumption. The tasks to be solved were formulated and the



directions of the thesis studies were grounded. The theoretical studies of the process of measuring the heat of
combustion of natural gas based on the use of the temperature of combustion of natural gas as the main measured
informative parameter were carried out. The factors influencing the temperature of gas combustion were
examined. The computer modeling was utilized to examine the influence of the studied gas humidity and influence
of the ambient air humidity on the results of measurement of the heat of combustion of natural gas. A similar
method was used to investigate the relationship between the physical characteristics and composition of natural
gas and its heat of combustion when measuring the gas flow rate with the help of the face orifice transducers. The
influence of the gas density and nitrogen content on the adiabatic exponent and gas expansion factor when
measuring the flow rate with the help of the face orifice as a part of the gas burner and subsequent influence of the
heat of combustion of natural gas under these conditions on the determination results were studied. The
mathematical model for the relationship between the heat of combustion of natural gas and its combustion
temperature during the combustion of gas-air mixtures with various qualitative compositions and different
volumetric ratios was obtained on the basis of the results of the theoretical and experimental studies. The
relationships between the heat of combustion of natural gas and its thermophysical characteristics provided that
the flow-rate measuring face orifice transducers are used as a part of the gas combustion device were obtained. It
allowed studying the influence of the composition of natural gas on the informative parameters of the tool for
measuring the heat of combustion of natural gas. An algorithm for determining the compressibility factor of
biogas, which is considered to be a pre-requisite when measuring its heat of combustion by means of the
developed method based on the measurement of the combustion temperature, was worked out and studied
metrologically. A laboratory bench was worked out for experimental studies of the method for measuring the heat
of combustion of natural gas according to its combustion temperature. The influence of the qualitative and
quantitative composition of the gas mixtures on the flame temperature of the studied gas at different values of the
gas flow rate and changes in the conditions of its combustion was studied experimentally. The actual flame
temperature was measured experimentally for the conditions of the laboratory bench and the difference between
this flame temperature and reference data was established. The possibility of measuring the flame temperature by
thermal transducers with protective casings and taking this factor into account when calibrating the tool for
measuring the heat of combustion of natural gas was detected. The possibility of implementation of the device for
express control of the heat of combustion of natural gas with the help of the informative parameter such as the
temperature of combustion of the studied gases was substantiated on the basis of the results of the experimental
studies. The applied aspects of the use of measuring control of the heat of combustion in modern gas meters were
considered. They relate to the utilization of the SMART-technology elements. The results of the metrological
studies of the developed method for measuring the heat of combustion of natural gas were considered. The
metrological analysis of the method for determining the heat of combustion of natural gas based on the application
of the theory of errors and concept of uncertainty, which substantiates the possibility of practical application of
this method at the place of gas consumption, was carried out.
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