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rasy B pO3rajly>kKeHHUX ra30BUX MepeskaxX HU3bKOTO TUCKY. [IpeMeToM JOCIiIKEHHS € METOAM OLiHKYA €HePreTUYHOoi
L[iHHOCTI rasy Iif 4ac TpaHCIIOPTYBaHHS B Ta30pO3IOLibHIN cucTeMi, Ha 6a3i cydacHuX iHpopMaLifiHO-
BAMIPIOBaJIbHUX TEXHOJIOTI, EKCIIPEC-METOy KOHTPOJIIO SIKOCTI ra3y, a TaKOX BIUIMBY JOMIIIOK BOJHIO Ta
6iomeTaHy Ha (PyHKLiOHA/IbHI TapaMeTpy Mepexi. Y nucepTaliliHiil poboTi BUpilleHa HayKOBO-IIPaKTUYHA 337243,
NIOB’13aHa 3 yJOCKOHaJIEHHIM iH(OPMaliiiHO-BUMipIOBAaJIbHUX CUCTEM [J151 BU3HAUEHHS SIKOCTi €eHepropecypcis y
ra3opo3NoJiIbHUX Mepeskax 3 JBOMa JiKepeslaMU ra30loCTayaHHs UIJIIXOM PO3pO0JIeHHSI HOBUX MaTeMaTUYHUX
MoJeJsiell 3 BpaxyBaHHSIM BILJIMBY 3aKa4aHOI'o 6i0MeTaHy Ta BOJHIO B ra30IpoBil. Y BCTYIIi OOI'PyHTOBAHO
aKTyaJIbHICTb 331124 JOCJIiIKEHHS, HaBe[leHa HayKOBa HOBU3HA Ta CPOPMYJIbOBAHE IIPAKTUYHE 3HAYEHHS
OTPUMAHMX PE3YJIbTATIB. Y EePIIOMY PO3/iJli 3[[iICHEHO CUCTEMHUI aHaJli3 Cy4aCHUX MiXOiB JO KOHTPOJIIO SIKOCTi
Ta TPaHCIOPTYBAaHHS [IPUPOJIHOTO razy, OO PYHTOBAHO I1ePeXifl 0 eHEPreTUYHMX OAUHUIb 00JIiKYy 1 aKTyaJIbHICTh
TOCJIiZIPKEHHS B3a€MO3B'SI3Ky MIXK SIKICHUMM XapaKTepUCTUKAaMU razy Ta napameTpamu Mepex Il iHTerpatii HoBux
€HeproHociiB. Y gpyromy po3aiji nucepTranii po3po61eH0 METOIMKY OLiHKY BUIIOI TEIJIOTH 3TOPaHHS IPUPOLHOTO
rasy B posrajly>keHUX Mepeskax 3 JBOMa BXOJlaMH, 110 BpaxoBye 00'€éMHi 4YaCTKU IOTOKIB i (pi3uko-ximiuHi
napaMeTpu rasy. 3alporioHOBaHO MaTeMAaTUYHYy MOJEJIb, 3aCHOBaHy Ha 6araToakTOpHOMY pPerpeciiiHoMmy aHalisi,
Ta MiATBEPIKEHO ii BUCOKY TOYHICTH i3 1oXn6Komw 0,24%. Po3pobieHo anroputm PpyHKLiOHYBaHHS iHpopmManiitHo-
BAMIpPIOBaJILHOI CUCTEMHU KOHTPOJIIO IKOCTI ra3y, SIKUi BKJIIOYA€ iHTETpaLlilo 3 CUCTEMaMHU JUCIeTYepr3allii, a TAKOXK
3aIMIPONTIOHOBAHO BUKOPHUCTAHHS WITYYHUX HEUPOHHUX MEPEX [JI4 MiIBUIEHHS TOYHOCTI IPOrHO3iB. Moeb
aJarTOBAHO 7151 BpaXyBaHHS BIUIMBY BOJHIO, 110 3a0€3M1€4nJI0 cepeHIo TOXMOKy 0,31%, ninTepIpKyroun ii
NIPUIATHICTD [1J1 IPOTrHO3YBAHHA 3MIlIaHMX rasiB. Y TPETbOMY PO3Liji JOCIIPKEHO BILJIMB AKOCTI IPUPOJHOTO rasy
Ha [apameTpy ra3o0TpaHCIOPTHUX MepeK. MoJieTI0BaHHS 110Ka3ajlo, 0 3HKEHHS TeIJIOTBOPHOI 3IaTHOCTI Ha
4,5% 36ibllly€e CIIOXXMBAHHA a3y Ta 3MEHIIYE 3aMacy y CXOBUIIAX. YIOCKOHAJIEHO METO], OLiHKY TEXHIYHOTO CTaHy
ra3onpoBOZiB HI3bKOIO TUCKY, B IKOMY Ha BiIMiHY BiJl iCHYI04MX, 3aCTOCOBAaHO HOBUH iHOPMATUBHNI [TapaMeTp
3MiHHU TEMJIOTBOPHOI 3[IaTHOCTI ra3y, 110 JO3BOJISIE IPOTHO3YBATH YTBOPEHHS KOPO3iHUX MTOMKOIKEHD
TPYOOIIPOBOY HU3bKOTO TUCKY. Y UeTBEPTOMY PO3[iJi JOCHiIKEHO €HEPreTUYHY LiHHICTb 6iorasy, BIIJIUB 1OTO
KOMIIOHEHTIB Ha XapaKT€PUCTUKU ra30BUX CyMilllel Ta aJallTOBAaHO MOJIeJIb OLIiHKM TEIJIOTY 3TOPSHHS 1715
inTerpatii 6iometany B razonposoau. [I[poananizoBaHO TEXHOJIOTII OUMIEHHSs 6i0ra3y, BUMOTHU 0 SIKOCTi 6ioMeTaHy
3a CTaHJapTaMy, a TAaKOX BIUIMB KUCHIO Ha €HepreTUYHi [I0Ka3HUKY ragy. Po3pobsieHa HellpoHHa Mepeska J1s1
IIPOTHO3YBAaHHS TEIJIOTH 3rOPaHHS IPUPOJHOTO razy B MEpeskax 3 JBOMa BXOJaMHU, 3 YpaxyBaHHSIM IIPUCYTHOCTI B
ra3onpoBoZi MIPMPOJHOro ra3y, BOGHIO Ta 6ioMeTaHy, 3abe3neynsia BUCOKY TOYHICTb pe3ysbTaTis (R = 0.996). ¥
paMKkax anpobatii pe3ysbTaTiB CTBOPEHO IIPOEKTH ABOX HalioHanbHUX cTaHaaptis: JCTY EN 16723-1:2023 ns
inTerpauii 6iomeTany B razorpaHcnoptHy cuctemy Ta JCTY EN 12007-4:2019 nj1s1 MmozepHisallii ra30BUX MepexX 10
16 6ap i3 akueHTOM Ha 6e3MeKy Ta HafilHiCcTb. KJII04oBi cj10Ba: NPUPOSHUI Ta3, MATEMAaTUYHA MOJEJIb, [IOXUOKA
BUMIPIOBaHHS, pe3yJIbTaT BUMIPIOBaHHS, HEMPOHHI MePEXKI, AiarHOCTUYHI 03HaKU, EHEPreTUYHI ITapaMeTpH,
IekapOoHi3allisi, BoZleHb, [A30BOAHEBI cyMilll, TBepAi MoOYyTOBI BigxoAu, KOMIIOHEHTHUI CKJIafl, 6ioras, CTaTUCTUYHI
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2. Maksym'yuk S.O. Improvement of information and measuring systems of quality and transportation of energy
resources on the basis of their energy value. - Qualification scientific work in the form of a manuscript.
Dissertation for the degree of Doctor of Philosophy in specialty 152 — metrology and information and measuring
equipment. - Ivano-Frankivsk National Technical University of Oil and Gas, Ivano-Frankivsk, 2024. The object of
research is the process of determining the energy value of natural gas in branched low-pressure gas networks. The
subject of research is methods for assessing the energy value of gas during transportation in the gas distribution
system, based on modern information and measuring technologies, an express method for gas quality control, as
well as the influence of hydrogen and biomethane impurities on the functional parameters of the network. The
dissertation solves a scientific and practical problem related to the improvement of information and measurement
systems for determining the quality of energy resources in gas distribution networks with two sources of gas
supply by developing new mathematical models taking into account the impact of injected biomethane and
hydrogen into the gas pipeline. The introduction substantiates the relevance of the research tasks, presents the
scientific novelty and formulates the practical significance of the results obtained. The first section provides a



systematic analysis of modern approaches to quality control and transportation of natural gas, justifies the
transition to energy units of accounting and the relevance of studying the relationship between the qualitative
characteristics of gas and network parameters for the integration of new energy carriers. The second section of
the dissertation develops a methodology for assessing the higher calorific value of natural gas in branched
networks with two inputs, which takes into account the volume fractions of flows and the physicochemical
parameters of gas. A mathematical model based on multivariate regression analysis was proposed and its high
accuracy with an error of 0.24% was confirmed. An algorithm for the functioning of an information and measuring
system for gas quality control was developed, which includes integration with dispatching systems, and the use of
artificial neural networks was also proposed to increase the accuracy of forecasts. The model was adapted to take
into account the influence of hydrogen, which provided an average error of 0.31%, confirming its suitability for
forecasting mixed gases. In the third section, the influence of natural gas quality on the parameters of gas
transmission networks was investigated. The modeling showed that a decrease in calorific value by 4.5% increases
gas consumption and reduces reserves in storage facilities. The method for assessing the technical condition of
low-pressure gas pipelines was improved, in which, unlike existing ones, a new informative parameter of the
change in the calorific value of gas was applied, which allows predicting the formation of corrosion damage to the
low-pressure pipeline. In the fourth section, the energy value of biogas, the influence of its components on the
characteristics of gas mixtures, and the model for estimating the heat of combustion for the integration of
biomethane into gas pipelines were studied. Biogas purification technologies, biomethane quality requirements
according to standards, and the influence of oxygen on the energy performance of gas were analyzed. A neural
network was developed to predict the heat of combustion of natural gas in networks with two inputs, taking into
account the presence of natural gas, hydrogen, and biomethane in the gas pipeline, which ensured high accuracy
of the results (R = 0.996). As part of the testing of the results, drafts of two national standards were created: DSTU
EN 16723-1:2023 for the integration of biomethane into the gas transportation system and DSTU EN 12007-4:2019
for the modernization of gas networks up to 16 bar with an emphasis on safety and reliability. Keywords: natural
gas, mathematical model, measurement error, measurement result, neural networks, diagnostic features, energy
parameters, decarbonization, hydrogen, gas-hydrogen mixtures, solid household waste, component composition,
biogas, statistical evaluations, hydrocarbon transportation.
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