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1. Tkauyk B. B. YoockoHaneHHS MeTOLy Ta 3aCcO0iB /1711 BUMipIOBaHHS €HEPreTUYHUX XapaKTePUCTUK IIPUPOJIHOTO
rasy 3 BUKOPMCTaHHSM TepMoaHeMoMeTpii. Keasigikanilina HayKoBa npalisl Ha paBax pykonucy. Jlucepralist Ha
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OCBiTH i HayKu YKpainy, IBaHo-®paHKiBchK, 2024. [lucepralis NpUCcBsSYeHa BUPIlIEHHIO aKTyaJlbHOT0 HAyKOBO~-
IIPUKJIAJHOTO 3aBIAHHS Y Tajy3i BUMipIOBAaHHS i KOHTPOJIIO SIKICHUX Ta €HEPreTUYHUX [1apaMETPiB IPUPOJHOrO rasy
— YOOCKOHAJIEHHSI METO/ly Ta TEXHIUHMX 32CO0iB BUMipIOBaHHS! SIKICHUX Ta €HEPTeTUYHUX XapaKTEPUCTUK

IIPUPOJHOrO a3y 3 BUKOPUCTaHHSAM TepMoaHeMomeTpii. O6’eKToM JocCiKeHHs € Ternodi3uyHi npoLecu



B3a€MOJii TEPMOAHEMOMETPUYHOTO CEHCOPA Ta PYXOMOI0 pO60Y0ro CepeoBUIIA 3 BpDAXYBaHHSM BILIMBY BOJIOTH,
SIK OJJHOTO i3 IKICHMX TIOKa3HUKIB IIPUPOLHOTO rasy, 1o 6e3nocepeiHbo BIVIMBAE Ha IOT0 €eHepreTHYHi
XapaKTepUCTUKU. [IpegMeToM LOCIiIKEHHS € 3aCO0M BUMIPIOBAJIbHOI TEXHIKH, IO CKJIaly SKUX BXOMASTh
T€PMOAHEMOMETPUYHI CEHCOopHY, iXx MaTeMaTU4Hi Ta METPOJIOTiUHI Mozeli. B po6oTi 31ilicHeHO aHali3 Cy4acHOro
CTaHy HayKOBOTO, HOPMATUBHOTO i TEXHIYHOTO 3a6e31e4eHHs P BUMIPIOBaHHI 06’€MHOI Ta MacOBOi BUTPATH 3
BpaxyBaHHSIM €HEepPreTUYHUX XapaKTePUCTUK Ta SIKICHUX [1apaMeTpiB IPUPOAHOro rasdy. ¥ nucepTraliiiHiil poooTi
BUpillleHa TEOPETUKO-IIPaKTUYHA 337a4a, 110 NI0B'sI3aHa i3 YJOCKOHAJIEHHSIM METOY Ta 3aC00iB BUMipIOBAaHHS
€HEPreTUYHUX XapaKTEePUCTUK MPUPOHOTO ra3zy 3 BAKOPUCTAaHHIM TEPMOAHEMOMETPIi. A caMe BpaxyBaHHS
(}i3nKO-XiMIUHUX [TI0Ka3HUKIB C€PEIOBUINA, 3 [IOJAJIbIINM MOJEJIIOBAHHSM, allpoballi€elo TEOPETUYHNX Pe3ysIbTaTiB
Ta I06YZ0BOI0 METOIUKO-KOHLEIITyaJlbHUX MiZIX0/iB 33/1JI8 BUPilI€HHsI I0CTaBJIEHUX 11ijlell Ta 3aBJlaHb
OOCTiIXeHHs. Y BCTyNi PO3KPUTO aKTyaJIbHICTb IPO6JI€MU BU3HAYEHHS €HEPreTUYHUX Ta SIKICHUX XapaKTePUCTUK
rasy MeTolaM1 Ta 3aco6amu TEPMOaHEMOMETPIi, 06I'PYHTOBAHO HEOOXigHICTb BUPIlI€HHS JaHUX NPO6JEM Ta ix
3HAUYLIiCTb, BiZloOpakeHO 3B5130K JcepTaliifiHOi poOOTH 3 HAYKOBUMMU IpOrpaMamy, IijlaHaMu, TEMaMU;
c(pOpMyJIbOBAHO METY Ta II0CTABJIEHO OCHOBHI 3aBIaHHs J1s1 JTAHOTO HAIIPSIMKY JIOCJIiIKEHHSI; BU3HAYEHO 00'€KT Ta
IpenMeT AOCHiI)KEHHS; BKa3aHO HayKOBY HOBU3HY Ta BUKJIAJ€HO MMPAaKTUYHE 3HAY€HHS OTPUMAaHUX pe3yJIbTaTiB,
3a3HaY€HO OCOOMCTI BHECKH 3[100yBaya, SKi BUKJIafeHi B my0JiiKalLlisx 3a TeMOI0 po60TH, IIOJIaHO BiLOMOCTI PO
KiJIbKiCTb My6JiiKaliil aBTopa Ta CTyNiHb anpobalii poboTu. Y nepuiomy po3aiji IpoBeeHo aHajli3 Cy4acHOTo CTaHy
HayKOBOTO, HOPMAaTMBHOIO i TEXHIYHOTr0 3a0€3M1e4eHHS [IPY BUMIPIOBaHHI €HEPreTUYHHUX Ta SIKICHUX XapaKTE€PUCTHUK
BOJIOTOTO IIPUPOLHOrO rasdy. 3niiiICHEHO aHaJli3 OCHOBHUX T€PMIHIB i IIOHSTh IIPU OOCIIPKEHH] SIKICHUX i
€HepreTUYHUX XapakTepUCTUK y cepi 061Ky npupoaHoro rasy. [IposesieHo aHaji3 HOpMATUBHOTO 3a0€31eYeHHs
KOHTPOJIIO €HEPreTUYHUX XapaKTePUCTUK IPUPOIHOTO ra3y. 31iliCHEHO aHajli3 Cy4YaCHUX METOJiB Ta 3aC00iB
TEeXHIYHOI peasisallii JOCaiIKeHHS] eHEPTeTUYHUX XapaKTePUCTUK IPUPOTHOrO ra3y. Po3ryisiHyTo cyyacHU CTaH
HayKOBUX JOCJIIPKEHb €HEPTETUYHUX XapPaKTEPUCTUK IPUPOJIHOrO razy. ¥ Ipyromy po3maiji 37iiCHEHO TEOPETUYHI
IOCIIiIPKEHHS IIPOLLECY BUMIPIOBAHHS €HEPreTUYHUX XapPaKTEPUCTUK BOJIOrOro NMIPUPOIHOro rasdy. TeopeTudHo
IOCJIiIKEHO BIJIUB BOJIOTOCTi IPUPOAHOTO rady Ha €HEPreTUYHi XapakKTePUCTUKU. 3MOMIEIbOBAHO BILJIUB
KOMIIOHEHTHOTO CKJIaJly Ta BOJIOTOCTi IPUPOJHOrO ra3dy Ha Moro TenaoQisndHi xapakTepucTUuKy. JJocaigkeHo
BIJIMB BOJIOTOCTI IOBITPs Ha TelIoQPi3nyHi Ta eHepreTuyHi XapaKTepUCTUKU NTpU (PYHKLIIOHYBaHHI
TEPMOAHEMOMETPUYHUX CEHCOPIB. 3MOMEIbOBAHO (PYHKIIOHYBAaHHS TEPMOAHEMOMETPUYHUX I1IEPETBOPIOBAYIB 32
YMOB ra30BOAHEBUX CyMileil. JloCiikeHo BIJIUB IBUIKOCTI PyXy Ta CKJIa[y ra30BOr0 OTOKY Ha YyTJIUBICTh
TEPMOAHEMOMETPUYHUX IEPETBOPIOBAYiB. 3MOJI€IbOBAHO BIJIMB BOJIOTY HA FPAlyIOBAJIbLHY XapaKT€PUCTUKY
T€PMOAHEMOMETPUYHUX CEHCOPIB. Y TPETbOMY PO37iJi pO3p0O06JIEHO Ta IPOBEAEHO €KCIIEpUMEHTANbHI
IOCJiIKEeHHS BUMiPIOBAJIbHOI TEXHIKM IIPYU (PYHKLIOHYBaHHI Ha BOJIOTUX Ia30IIMHHUX cepefoBuiax. Po3pobieHo
KOHLIeN1i1o (i3sMIHOr0 MOZEIOBAaHHS BILJIMBY BOJIOTH Ha PpOGOTY TEPMOaHEMOMETPUYHUX CEHCOPiB. Po3po6ieHo
J1abopaTOPHUI CTEH], 11 JOCJiIKEHHS BIJINBY BOZSHOI I1apy Ha QYHKIIOHYBaHHS 3aC00iB TepMOaHEeMOMeTPii.
ExcriepuMeHTasbHO OCIiIPKEHO BILJIMB BOJIOTOrO IIOTOKY HAa PO60TY TEPMOAHEMOMETPIB IpY BUMipIOBAaHHI
BUTPATHU Ta 06'eMy. Y 4ETBEPTOMY 37iiiICHEHO METPOJIOTIYHUI aHaIi3 €TaJIOHHOI YCTaHOBKHU [J1s1 BiITBOPEHHS
MacOBUX BUTPAT BOJIOTOTO MOBITPsI Ha 6a3i Teopii HeBu3HaYeHOCTi. Kir0uoBi Cy10Ba: MpupoOmHUN ras,
TEPMOAHEMOMETP, BOJIOTiCTh, EHEPreTUYHi XapaKTEPUCTHUKH, SIKiCTb, ITOBITPS, HEBU3HAYEHICTb, TEIJIOIIPOBIHICTD,

TEIJIOEMHICTb, BUTPATOMIP, JIIYNUIbHUK, TUCK, TEMIIEPATYPa, KOMIIOHEHTHUI CKJIaJ, TPYOOIIPOBI/I.

2. Tkachuk, V. V. Improvement of the method and means for measuring the energy characteristics of natural gas
using thermoanemometry. Qualification scientific work on the rights of a manuscript. Dissertation for the degree
of Doctor of Philosophy in specialty 152 - Metrology and information-measuring technique. Ivano-Frankivsk
National Technical University of Oil and Gas, Ministry of Education and Science of Ukraine, Ivano-Frankivsk, 2024.
The dissertation is devoted to solving the urgent scientific and applied problem in the field of measuring and
controlling the quality and energy parameters of natural gas - improving the method and technical means of
measuring the quality and energy characteristics of natural gas using thermoanemometry. The object of the
research is the thermophysical processes of interaction between the thermoanemometric sensor and the moving
working medium, taking into account the influence of humidity as one of the quality indicators of natural gas,



which directly affects its energy characteristics. The subject of the research is measuring instruments that include
thermoanemometric sensors, their mathematical and metrological models. The work analyzes the current state of
scientific, normative and technical support for measuring volumetric and mass flow rate, taking into account the
energy characteristics and quality parameters of natural gas. The dissertation solves a theoretical and practical
problem related to the improvement of the method and means of measuring the energy characteristics of natural
gas using thermoanemometry. Namely, taking into account the physicochemical indicators of the environment,
followed by modeling, approbation of theoretical results and the construction of methodological and conceptual
approaches to solve the set goals and objectives of the study. The introduction highlights the urgency of
determining the energy and quality characteristics of gas using thermoanemometry methods. It justifies the
necessity of addressing these problems and their significance, reflects the connection of the dissertation work
with scientific programs, plans, and topics; formulates the goal and sets the main tasks for this research direction;
defines the object and subject of the research; indicates the scientific novelty and presents the practical
significance of the obtained results, notes the personal contributions of the applicant, which are presented in
publications on the topic of the work, provides information about the number of the author's publications and the
degree of approbation of the work. The first chapter analyzes the current state of scientific, regulatory, and
technical support for measuring the energy characteristics of humid natural gas. A comprehensive analysis of key
terms and concepts related to the investigation of qualitative and energetic characteristics in natural gas
accounting has been conducted. An analysis of regulatory frameworks governing the control of natural gas energy
characteristics has been carried out. An analysis of contemporary methods and technical tools for investigating
natural gas energy characteristics has been performed. In the second chapter, theoretical studies of the process of
measuring the energy characteristics of humid natural gas were carried out. A theoretical investigation into the
impact of natural gas humidity on its energy characteristics has been conducted. The influence of compositional
makeup and humidity of natural gas on its thermophysical properties has been simulated. The impact of air
humidity on the thermophysical and energy characteristics during the operation of thermoanemometric sensors
has been studied. The operation of thermoanemometric transducers under conditions of gas-hydrogen mixtures
has been simulated. The influence of gas flow velocity and composition on the sensitivity of thermoanemometric
transducers has been investigated. The effect of humidity on the calibration characteristic of thermoanemometric
sensors has been simulated. In the third chapter, experimental studies of measuring equipment during operation
in humid gas-flow environments were developed and conducted. A concept for physical modeling of the influence
of humidity on the operation of thermoanemometric sensors has been developed. A laboratory setup has been
developed to investigate the impact of water vapor on the performance of thermoanemometry instruments. The
influence of humid flow on the operation of thermoanemometers during flow rate and volume measurements has
been experimentally investigated. In the fourth chapter, a metrological analysis of the reference setup for
reproducing mass flow rates of humid air was carried out based on the uncertainty theory. Key words: natural gas,
hot-wire anemometer, humidity, energy characteristics, quality, air, uncertainty, thermal conductivity, heat
capacity, flow meter, meter, pressure, temperature, composition, pipeline.
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Coria;ibHO-eKOHOMIYHA CIPSIMOBAHICTh: €KOHOMisi EHEPrOPECYPCiB

OxopoHHi gokymeHTH Ha OIIIB:

Bunaxopau, KOpHCHiI MOJI€JIi, TIPOMUCIIOBI 3pa3Ku
YcraHoBka [1ij1s1 nepeBipky BUTpaToMmipis i iunnbHukiB ragy / O. €. Cepeniok, B. B. Masnicesuy, [I. O. Cepegiok.,
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BrnpoBaa>keHHS pe3yJIbTaTiB AHCEPTalLii: BipoBakeHHs He IIaHyEThCS

3B'A30K 3 HAYKOBHMH TeMaMH: 0119U002949, 0121U113386

VI. BizoMocCTi Ipo HAayKOBOr0 KEPiBHUKa /KePiBHUKIB (KOHCYJIbTAaHTA)

Baacue IlpizBuuie Im's Ilo-6aTbKOBI:
1. Cepentok Opect €BreHoBruY
2. Orest Y. Serediuk

KBasigikanis: n.1.1., npodecop, 05.01.02
Inentudikarop ORCID ID: 0000-0002-8539-2693
HoparkoBa iHopmamisi: Scopus Author ID: 56368090600; Google Scholar ID: MyMn5SAAAAAJ

IloBHEe HaliIMEeHYBaHHS IOPUAHYHOL 0C00H: IBanO-PpaHKiBCHKUI HAl[iOHATILHUI TEXHIYHMIA YHIBEPCUTET

HadTH i razy

Kopg 3a €IPIIOY: 02070855

Micue3HaxoaKeHHS: ByJ1. Kapnatceka, 6ya. 15, IBano-®pasnkiBebk, 76019, Ykpaina
dopma BracHOCTI: JlepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

VII. BizomocTi npo odimiiHuX OTIOHEHTIB Ta pelleH3€HTiB
OdiuiiiHi OIOHEHTH

BaacHe IlpizBume Im'st I10-6aTbKOBI:



1. Binunacwkkuit Mocun Mocumnosuy

2. Yosyp Y. Bilynsky

KBasigikamis: p.1.1., npodecop, 05.13.05
Imentudikarop ORCID ID: 0000-0002-9659-7221

HoparkoBa iHpopMamisi: Web of Science Researcher ID: H-8375-2018; Scopus Author ID: 57194518302;
Google Scholar ID: eVwPryoAAAAJ

IloBHE HalIMEHYBaHHS IOPUAHYHOL 0COOH: BiHHMIIbKMII HAIliOHA/IbHUI TEXHIYHUIT YHIBEPCUTET
Kopg 3a €IPIIOY: 02070693

Micue3HaxoaKeHHS: ByJI. XMeJIbHUIIpKE 110ce, 6yz. 95, Binnung, Binauupkuil p-H., 21021, Ykpaina
dopma BracHOCTI: /lepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH i HayKU YKpaiHu

InenTudikarop ROR:

BiacHe IIpizBuie Im'sa I1o-6aTbKOBI:
1. Mariko @enip IMuTpoBuY

2. Fedir D. Matiko
KBasigikamis: 1. 1. u., npodecop, 05.11.01
Imentudikarop ORCID ID: 0000-0001-6569-2587

HoparkoBa iHpopMmamisi: Web of Science Researcher ID: Q-8785-2017; Scopus Author ID: 29068004100
Google Scholar ID: vBUSy6gAAAA]

IloBHE HaliMEeHYBaHHS IOPUAHYHOL 0C00H: HanionanbHuii yHiBepcuteT "JIbBiBCbKa MOJTITEXHIKA"
Kopg 3a €IPIIOY: 02071010

Micue3HaxoaKeHHS: ByJ. CrenaHa Bangepu, 6yz. 12, JIbBis, 79013, Ykpaina

dopma BracHOCTI: /lepxaBHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH i HayKU YKpaiHu

InenTudikarop ROR:

Penensentu

Baacwue IlpizBumie Im's Ilo-6aTbKOBI:

1. Paiitep Ilerpo MukoJsiaiioBuy

2. Petro M. Raiter

KBasigikamis: x. 1. 1., npodecop, 05.11.13
Inentudikatop ORCID ID: 0000-0002-3437-2844

JoparkoBa iHdopMawisi: Web of Science Researcher ID: AHD-0813-2022; Scopus Author ID: 56308380000
Google Scholar ID: 59R98-0AAAA]



IloBHe HaliMEeHYBaHHS IOPUAHYHOL 0C00H: IBaHO-PpaHKiBCHKUI HAI[IOHATBLHUI TEXHIYHMIA YHIBEPCUTET

Ha(TH i razy

Kopg, 3a €IPIIOY: 02070855

Micue3HaxoaKeHHS: ByJ1. Kapnatceka, 6ya. 15, IBano-®pankiBebk, 76019, Ykpaina
dopma BracHOCTI: JlepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

Baacue IlpizBumie Im's I1o-6aTbKOBI:

1. 'puropcekuir CraHicias SpociaBoBrUY

2. Stanislav Y. Hryhorskyi

KBasigikanis: . 1. 1., gow., 05.15.13

Inentudikarop ORCID ID: 0000-0001-6401-0345

HoparkoBa iHdopMmamisi: Google Scholar ID: 8BMVCZwAAAAJ; Scopus Author ID: 56712006400

IloBHE HaliIMEeHYBaHHS IOPUAHYHOL 0C00H: IBaHo-PpaHKiBChKUI HAI[IOHATILHUI TEXHIYHMIA YHIBEPCUTET

Ha(dTH i razy

Kopg 3a €IPIIOY: 02070855

Micue3HaxoaKeHHS: ByJ1. Kapnatcheka, 6ya. 15, IBano-®pasnkiBebk, 76019, Ykpaina
dopma BracHOCTI: JlepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH i HayKU YKpaiHu

InenTudikarop ROR:

VIII. 3aKkJII04Hi BiZoOMOCTi

BnacHe IlpizBuime Im's [10-6aTbKOBI PuGinpkuii [rop Bosoaumuposuy
rOJIOBH paau

Biacue IpizBuie Im's I1o-6aThKOBI PuGinpkuii Irop Bosiogumuposuy
TOJIOBYIOYOTO Ha 3acCiiaHHi

BiamoBimaibHUH 32 MiZTOTOBKY Trauyk Bitaniit BanepiiioBuy

00JIiKOBUX JOKYMEHTIB

Peectpartop YkpIHTEI

KepiBHuk Bigginy YKpIHTEI, mpo €
BiZIIIOBiZaJIbHUM 32 peECTpallilo HAayKOBOIi IOpuenko TeTsHa AHaTtosiiBHA

OisSIIBHOCTI




