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Pedepar:

1. B po6oTi 3aifiCHeHMI1 aHai3 Cy4aCHOTO CTaHy HayKOBOTO, HOPMATUBHOTIO i TEXHIYHOTO 3a6€3Me4YeHHs IpU
BVMiPIOBaHHI TEIJIOTY 3TOPSIHHS IIPMPOJHOro rasy. [IpoananizoBaHO IOHATTS TEIJIOTH 3rOPSIHHS IPUPOLHOTO rasy.
PosriisiHyTO NpsMi i oniocepesKoBaHi METOAU [J1 BUSHAYEHHS TEIJIOTU 3rOPSHHS IIPUPOLHOrO ra3y i TEXHiIYHi
3acobu 11 peanisanii 1Mx MeTOAiB B 1aGOPAaTOPHUX YMOBAX i IPU MTPOBEIEHHI €KCIIPEC-KOHTPOJIIO SIKOCT]
IIPUPOAHOTrO rasy y crnoxkusadis. OLiHEHO Cy4aCHY BiTYM3HSHY i 3aKOPJOHHY HOPMATUBHY 0a3y 17151 BU3HAYE€HHS
TEIUIOTU 3rOPSHHS NIPUPOJHOro rasy. IlokazaHo, o0 BUMIpIOBaHHS TEIUJIOTU 3rOPSHHS IIPUPOJHOrO rasy 3a micuem

J10T0 CIIOKMBAHHS € HEOOXiIHOIO CKJIA[0BOIO IJIs1 MiIBULLEHHS TOYHOCTI 00JIiKy TPUPOJHOrO ra3y i MoXXe 6yTH



peanizoBaHo. Ha mifcraBi IpoBeAeHOroO aHai3y OOIpPyHTOBAHO aKTyasIbHICTb i JOLiIbHICTh BOOCKOHAIEHHS METOiB
i 3aC006iB /1151 BUMIpIOBaHHS TEIJIOTH 3rOPSIHHS IIPUPOIHOTO ra3y 3a Micuem rasocrnoxxubaHHs. CHOpMYIbOBAHO
3aBJIaHHS, SKi 10TPeOYIOTh BUPIlIeHHS], i OOIPYHTOBaHO HAIIPSIMU JUCePTaLifHUX NocinKeHb. [IpoBeneHi
TEOPETUYHI JOCIiI)KEeHHS [IPOLeCy BUMiPIOBAaHHS TEIJIOTU 3TOPSHHS IIPUPOJHOrO ra3y Ha 3acalaX BUKOPUCTAHHS
TEeMIIEpPaTypH CIATIOBAHHS IIPUPOJIHOTO ra3y SIK OCHOBHOI'O BUMIPIOBAHOTO iHPOPMATUBHOTO ITapaMeTpa.
JocninxkeHo ¢pakTopH, sKi BIJIMBAIOTh HA TEMIIEPATyPy 3rOPSIHHS rasy. Po3risiHyTi TeOpeTuyHi 3acafy 3rOpsiHHS
rOPIOYHX rasiB, sIKi JO3BOJIWJIM OOI'PYHTYBATH IaTEHTO3aXMIIEHUI 32 Y4aCTIO 30,00yBaUYKu CIIOCi6 excIipec-
BM3HAY€HHS TEIUIOTU 3TOPSIHHSA Ta3iB 3a iX TEMIIEPATYPOIO CIIAIIOBAHHS 3 OJHOYACHUM TOYHUM BUMIPIOBaHHSIM
BUTPATHU i IapaMeTPiB rasy, IKuii I0JaeThCs B NAJIbHYUK, Ta TAPAMETPiB HABKOJIUIIHLBOTO CEPENOBUIIA, B IKOMY
BiZIOyBa€eThCsI 3rOPSIHHS NOCiIKyBaHOro rasy. Ha 6a3i KoMITI0OTEpHOTr0 MOI€/II0OBaHHS OCJIIIPKEHO BIIJIUB BOJIOIOCTI
IOCJIiIKYBAHOTO Ta3y i BIUIMB BOJIOTOCTI MOBITPSI HABKOJIMIIHBOTO CEPELOBUIIA HA PE3YJIbTaT BUMiPIOBAaHHS
TEIJIOTH 3TOPSIHHS [IPUPOLHOTO ra3y. AHaJIOriYHUM METOLOM JOCIiIKEHO B3a€MO3B'SI30K (Pi3NIHMX XapaKTepPUCTHUK
i KOMIIOHEHTHOTO CKJIaly IPUPOAHOTO ra3dy 3 MOro TEIJIOTOI0 3TOPSIHHS 32 YMOBU BUMIPIOBaHHS BUTPATU rasy
TOPLIEBMMU 3BY)KyBaJIbHUMU II€PETBOPIOBAYaMu. JJOCIiKEHO BIJIMB IYCTUHU ra3y i BMICTy a30Ty Ha [TOKa3HUK
aziiabaTy i KoedillieHT pO3MNUPEHHS ra3y 32 YMOB BUMIPIOBaHHS BUTPATH 3 BUKOPUCTaHHSM TOPLIEBOTO
3BY’KYBaJIbHOTO IIPUCTPOIO Y CKJIAJi NMAJIbHUKA CIIAJIIOBAHOTO ra3y i, IK HaCJiOK, BIUIUB HAa PE3yJIbTaTH BU3HAYEHHS
3a JUX YMOB TEIUVIOTU 3rOPSHHS IPUPOJIHOrO rasy. 3a pe3yjabTaTaMU TEOPETUYHMX i €KCIIEPUMEHTAIBHUX
IOCTiIXKeHb OTPUMaHa MaTEMaTU4YHA MOJIEJIb B3AEMO3B 13Ky TEIJIOTU 3TOPSIHHS MPHUPOJHOrO rasy 3 1oro
TEMIIEPATYPOIO CIAJIIOBAHHSA [IPY 3TOPSHHI CyMilllel ra3-TIoBIiTPS Pi3HUX SAKICHUX CKJIAiB KOMIIOHEHT, a TaKOX
pizHOro ix o6’eMHoOro criBBigHOmeHH. OTpHMaHi 3aJ1e5KHOCTI MiX TEIJIOTOIO 3rOPsIHHS [IPUPOLHOTO rasdy i Horo
TeI10(i3sNYHUMU XapaKTePUCTUKaMH 32 YMOBHU 3aCTOCYBaHHSI BUTPATOBUMIPIOBAJIbHUX TOPLEBUX 3BY)KYBAJIbHUX
[IepETBOPIOBAYIB y IPUCTPOI CHIAJIIOBAHHS a3y, 0 Ja€ MOXKJIUBICTD AOCIIKYyBaTH BIIJIUB KOMIIOHEHTHOTO CKJIany
[IPUPOJHOrO rasy Ha iHpopmaTuBHi NapameTpu 3aco0y BUMIPIOBAHHS TEIJIOTH 3TOPSIHHS IIPUPOLHOTO rasy.
Po3p0671€HO0 i METPOJIOTIYHO OCTIIPKEHO arOPUTM BU3HAYeHHS KoedillieHTa CTUCIMBOCTI 6iorasy, 10 €
HEOOXiJIHOI0 YMOBOIO [IPY BU3HAUEHHI IOT0 TEIJIOTH 3rOPSHHS PO3PO0JIEHUM METOLOM Ha OCHOBI BUMipIOBaHHS
TeMIIEpaTypH CHaTI0BaHHS. Po3po6ieHnii 1a60paTOPHUI CTEHT, 1711 eKCIIEPUMEHTAIbHUX [IOCTII)KEHb METOY
BUMIPIOBaHHS TEIJIOTU 3rOPSIHHS IPUPOJHOTO ra3dy 3a MHOro TeMIEepaTyporo ClalloBaHHS. EKcriepuMeHTanbHO
JOCJIiZIKEHO BILJIMB SIKICHOTO i KiJIbKiICHOTO CKJIaJly ra30BMX CyMilllell Ha TEMIIEPATYPY MOJYyM's TOCIiI)KyBaHOT' O a3y
3a pi3HMX 3HAYE€Hb BUTPATHU rasy i 3MiHM YMOB MOrO 3rOpsiHHS. EXCIIEpMMEHTAIbHUM HIJISIXOM 3[1iFICHEHO
BHMipIOBaHHS PAaKTUYHOI TEMIIEPATYPHU [IOJIyM's 4J1s1 yMOB JIAaOOPATOPHOTO CTEH[y i BCTAHOBJIEHO BiMIHHICTB wii€i
TeMIIepaTypy NOJyM’s Bifl TOBiAKOBUX NaHUX. BUsIBI€HO MOXJIUBICTh BUMiPIOBaHHS TEMIIEPATYPU TOJIyM's]
TE€PMOIIEPETBOPIOBAYaMU 3 3aXMCHUMMU KOXKYXaMU i BpaxyBaHHS LbOro (PaKTOPY IIPU KaliOpyBaHHi 3ac00y
BUMIpPIOBaHHS TEIMJIOTU 3rOPSIHHS IPUPOAHOTO ra3y. 3a pe3yjbTaTaMu €KCIIEPUMEHTAIbHUX JOCIiIKEHD
OOI'PYHTOBAaHO MO>KJIMBICTD peasisalii IpucTpo0 eKCIpec-KOHTPOJIIO TEIJIOTH 3rOPSIHHS IPUPOLHOTO ra3y LIIsIXOM
BMKOPHCTaHHS iHPOPMATUBHOTO [TapaMeTpa — TEMIIEPATypPHU 3TOPSIHHS AOCIIIPKyBaHUX Ta3iB. PO3risiHyTO
MIPUKJIaAHI aCIIEKTH 3aCTOCYBaHHS BUMIPIOBAJIbHOIO KOHTPOJIIO TEIJIOTH 3TOPSIHHS B CyYaCHUX JIUNJIBHUKAX
MIPUPOJHOTrO rasy, sIKi CTOCYIOTbCS 3aCTOCYBAaHHSIM B HUX ejleMeHTiB SMART-TexHO0Tiil. PO3TIIIHYTO pe3yabTaTh
METPOJIOTIYHUX NOCTiI)KeHb PO3PO6IEHOTO METOIY BUMipIOBaHHSI TEIJIOTY 3TOPSIHHS IPUPOJHOTO rasy.
[IpoBeneHnit METPOJIOTIYHUI aHaJli3 METOly BU3HAUEHHSI TEIJIOTY 3TOPSIHHS IPUPOJHOrO rasy Ha 6asi
3aCTOCYBaHHS TeOpii MOXMOOK i KOHLIeMNii HeBU3HAYEHOCTI, SIKUIl OOI'PYHTOBYE MOXJINBICTb IPAKTUYHOTO

3aCTOCYBaHHSI LIbOTO METO/Y 32 MiClleM ra30CIOKMBaHHSL.

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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