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[IPUKJIQAHOTO 3aBJaHHs Y rajy3i BUMiIPIOBAaHHS i KOHTPOJIIO AKICHMX Ta €eHEPreTUYHUX [TapaMeTPiB IPUPOLHOrO rasy
- YIOCKOHAJIEHHS] METOly Ta TEXHIUHUX 3aCO0iB BUMIPIOBAaHHS SIKiCHUX Ta €HEPreTUYHUX XapaKTepUCTHUK
IIPUPOJHOrO a3y 3 BUKOPUCTaHHSM TepMoaHeMoMeTpii. O6’eKTOM JOCiKeHHs € Tennodi3uyHi npoLecu
B3a€MOJii TEPMOAHEMOMETPUYHOTO CEHCOPA Ta PYXOMOI'0 pO60Y0ro CepeoBUIIA 3 BpPAXYBaHHSM BILIMBY BOJIOTH,
SIK OJIHOTO i3 SIKiCHUX TIOKa3HUKIB IPUPOJIHOTO rasy, 10 6€310CcepeiHbO BIJIMBAE HA NIOTO €HEepreTUYHi
XapaKTepUCTUKU. [TpegMeToM LOCIiIpKEeHHS € 3aCO0U BUMIPIOBAJIbHOI TEXHIKH, IO CKJIay SKUX BXOHASTD
TEPMOAHEMOMETPUYHI CEHCOopHY, iX MaTeMaTU4Hi Ta METPOJIOTiUHI Mozeli. B po6oTi 31ilicHeHO aHasi3 cy4acHOro
CTaHy HayKOBOTO, HOPMATUBHOTIO i TEXHIYHOTO 3a6e3reYeHHs Py BUMIPIOBaHHI 06’€MHOI Ta MacOBOi BUTPATH 3
BpaxXyBaHHSIM €HEepPreTUYHUX XapaKTePUCTUK Ta SIKICHUX [1apaMeTpiB IIPUPOAHOro rasdy. ¥ nucepTaliiiHiil poboTi
BUpillleHa TeOPETUKO-IIPaKTUYHA 337244, 110 NI0B'sI3aHa i3 YJOCKOHAJIEHHSIM METOMY Ta 3aC00iB BUMipIOBAaHHS
€HEepPreTMYHMX XapakKTepPUCTUK IIPUPOLHOTO ra3dy 3 BUKOPUCTAHHSIM TEPMOAHEMOMETPIi. A came BpaxyBaHHS
(}i3nKo-XiMiUHMX [T0Ka3HUKIB C€PEIOBUINA, 3 IIOJAJIbIINM MOZEJIIOBAHHSM, allpoballi€elo TEOPETUYHNX Pe3ysIbTaTiB
Ta I06YZ0BOI0 METOIMKO-KOHILEIITyalbHUX MiZIX0/iB 3a/1JIs BUPill€HHs I0CTaBJIeHUX 11ijiel Ta 3aBJlaHb
IOCTiIKeHHs. Y BCTyNi PO3KPUTO aKTyaJbHICTb IPOO6JI€MU BU3HAYEHHS €HEPreTUYHUX Ta SIKICHUX XapaKTepUCTUK
rasy MeTolaM1 Ta 3aco6amu TepMOAHEMOMETPIi, 06I'PYHTOBAHO HEOOXiIHICTb BUPIlI€HHS JaHUX NPO6JeM Ta ix
3HAUYYLIiCTb, BiloOpakeHO 3B'130K CepTaLifiHOi po60TH 3 HAYKOBUMMU IpOrpaMami, IiJlaHaMHU, TEMaMU;
cpopMyIbOBAaHO METY Ta II0CTABJIEHO OCHOBHI 3aBIaHHS 1J1s1 IaHOTO HAIIPSIMKY JIOCJIiI)KEHHSI; BU3HAYEHO 00'€KT Ta
npegMeT OOCJiIKEHHS; BKa3aHO HayKOBY HOBU3HY Ta BUKJIA[IEHO TPAKTUYHE 3HAYEHHS OTPUMAHUX Pe3yJbTaTiB,
3a3HaY€HO OCOOUCTI BHECKH 37100yBaya, sKi BUK/IafeHi B my0Jiikalisx 3a TeMO0 poboTH, IIOJIaHO BiTOMOCTI PO
KiJIbKiCTh My6J1iKaliil aBTopa Ta CTyNiHb anpobalii poboTu. Y rnepuomy po3niji IpoBeeHo aHajli3 Cy4acHOTo CTaHy
HayKOBOTO, HOPMAaTMBHOIO i TEXHIYHOTr'O 3a0€31€4€HHS [IPY BUMIPIOBaHHI €HEPreTUYHHUX Ta SIKICHUX XapaKT€PUCTHUK
BOJIOTOTO IIPUPOLHOrO rasdy. 3niiICHEHO aHaJli3 OCHOBHUX TEPMIHIB i IIOHSTh IIPU OOCIIIPKEHH] SIKICHUX i
€HepreTUYHNX XapakTepUCTUK y cdepi 061iKy mpupoaHoro rasy. [IposesieHo aHaji3 HOPMAaTUBHOTO 3a0€31eYeHHs
KOHTPOJIIO €HEPreTUYHUX XapaKTepUCTUK NIPUPOIHOTO ra3y. 31iliCHeHO aHasli3 CydacHUX METOJiB Ta 3aC00iB
TexHIYHOI peasizauii JOCiI)KeHHSI €HepreTUYHMX XapaKTE€PUCTUK IIPUPOLHOrOo rasy. Po3risiHyTo cydacHui cTaH
HayKOBUX JIOCIIIIKEHb €EHEPTETUYHMX XapPaKTEPUCTHK IIPUPOIHOrO razy. ¥ Ipyromy posmiji 31iiCHEHO TEOPETUYHI
IOCIIIPKEHHS IIPOLLECY BUMIPIOBAaHHS €HEPTEeTUYHUX XapPaKTEPUCTUK BOJIOrOro MPUPOIHOro rasdy. TeopeTudHo
IOCJIiI)KEHO BIJIUB BOJIOTOCTi IPUPOAHOTO rady Ha €HePreTUYHi XxapakTePUCTUKU. 3MOI€IbOBAHO BILJIUB
KOMIIOHEHTHOTO CKJIJly Ta BOJIOTOCTi IPMPOAHOTO ra3y Ha 1oro TenaoQisuyiHi XapaKTepUCTUKU. JJOCIIiIpKEHO
BILJIMB BOJIOTOCTI MOBITPs Ha TerIoQPi3nyHi Ta eHepreTuyHi XapaKTepUCTUKU NpU (PyHKLIOHYBaHHI
TEPMOAHEMOMETPUYHUX CEHCOPIB. 3MO/I€IbOBAHO (PYHKIIOHYBAaHHS TEPMOAHEMOMETPUYHUX I1EPETBOPIOBAYIB 32
YMOB ra30BOJHEBUX CyMillel. JJoCliIpKeHOo BIUIMB MIBUIKOCTI PyXY Ta CKJIaly Fa30BOr0 MOTOKY Ha YyTJIUBICTb
TEPMOAHEMOMETPUYHUX NIEPETBOPIOBAYiB. 3MOJI€IbOBAHO BIJIMB BOJIOTY HA FPAlyIOBaJIbHY XapaKTEPUCTUKY
TEpMOAHEMOMETPUYHUX CEHCOPIB. Y TPETbOMY PO37isi pO3p0O06JIEHO Ta IPOBEAEHO eKCIIepUMEHTabHi
IOCJiIKeHHS BUMipIOBaJIbHOI TEXHIKM IIPU (PYHKIIIOHYBaHHI Ha BOJIOTUX Ia30IJIMHHUX cepefoBuliax. Po3pobieHo
KOHLEMNLi10 (Pi3MYHOr0 MOZEIOBAHHS BIIJIMBY BOJIOTY Ha POOGOTY TEPMOAHEMOMETPHUYHMX CEHCOPiB. PO3p06ieHo
J1a60paTOPHUI CTEHT, 171 JOCJiIKEHHS BIJINBY BOZSHOI r1apy Ha QyHKI[IOHYBaHHS 3aC00iB TepMOaHEMOMETPii.
ExcriepuMeHTasbHO [OCIiIPKEHO BILJIMB BOJIOTOrO IIOTOKY Ha pO60TY TEpMOaHEMOMETPIB I1pY BUMipIOBAaHHI
BUTpaTU Ta 06'eMy. Y 4ETBEPTOMY 37iliICHEHO METPOJIOTIYHUI aHaJli3 €TaJIOHHOI YCTAaHOBKU [J151 BilTBOPEHHS
MacOBUX BUTPAT BOJIOTOrO NOBITPs Ha 6a3i Teopii HeBu3HaYeHOCTi. Kilto4oBi ciioBa: NpupoHNUii ras,
TEPMOAHEMOMETP, BOJIOTiCThb, EHEPreTUYHi XapaKTEPUCTUKU, SIKiCTb, ITOBITPS, HEBU3HAYEHICTb, TEIJIONPOBITHICTb,

TEIJIOEMHICTb, BUTPATOMIP, JIIYMJIbHUK, TUCK, TEMIIEPATyPa, KOMIIOHEHTHUI CKJIa], TPYOOIIPOBII.

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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16.08.2023, Bron1. N2 33. 4 c.

HaykoBa (HayKOBO-TE€XHiYHa) MPOAYKILis: meTonu, Teopii, rinoresu
Cornia;ibHO-€KOHOMIYHA CIPSIMOBAHICTbh: €KOHOMIsi EHEPrOPECYPCIB

OxopoHHi gJokymeHTH Ha OIIIB:

Bunaxonu, KOpPUCHiI MOJieJIi, MPOMUCIIOBI 3pa3Ku
YcranoBka 17151 epeBipKky BUTpaToMipiB i siunnbHUKIB razy / O. €. Cepeniok, B. B. Maicesuy, [I. O. Cepegiok.,
B. B. Tkauyk: nat. 153729 U Vkpaina: MIIK (2023.01) GO1F 25/00. N2 u 202301207; 3asB71. 23.03.2023; omny6.1.
16.08.2023, bron. N2 33. 4 c.

BrnpoBaaykeHHS pe3yJIbTaTiB AUCEPTalii: BipoBakeHHs He MIaHyEThCs

3B's130K 3 HAYKOBUMH TeMaMH: 01190002949, 0121U113386

VI. BizomocCTi Ipo HayKOBOr0 KePiBHHKA /KEPiBHUKIB (KOHCYJIbTaHTA)

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Cepenrok OpecTt €BreHoBuY

2. Orest Y. Serediuk

KBasigikamis: g.1.1., npodecop, 05.01.02

InenTudikarop ORCHID ID: 0000-0002-8539-2693

JoaparkoBa iHdopmanist: Scopus Author ID: 56368090600; Google Scholar ID: MyMn5SAAAAA]J

IloBHe HaliMEeHYBaHHSI IOPHUAHUYHOI 0COOH: [BaHO-DpaHKiBCHKMIA HALIOHAJIBHUI TEXHIYHUI YHIBEPCUTET

Ha(TH i razy

Kopg 3a €IPIIOY: 02070855

Micue3HaxoaKeHHS: By Kapnarceka, 6y, 15, IBano-®pankischbk, 76019, Ykpaina
dopma ByacHOCTI: [lepkasna

Cdepa ynpaBriHHS: MiHicTepCTBO OCBITH i HayKK YKpaiHu

InenTudikarop ROR:

CeKTOop HayKH:. YHiBEPCUTETCHKUIL



VII. BigomocTi npo odinilfiHuX ONOHEHTIB Ta PELeH3€HTIB
OdiniiiHi OIOHEeHTH

Bsacue IlpizBuuie Im's I1o-6aThKOBI:

1. Binuncekuit Mocun Mocunosuy

2.Yosyp Y. Bilynsky

KBasigikanis: 1.1, npodecop, 05.13.05

Imentudikarop ORCHID ID: 0000-0002-9659-7221

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

IlIoBHe HaﬁMeHyBaHHﬂ IOpI/I,uH‘{HOi OCOOM: BiHHMIbKUIT HAI[IOHATbHUIA TeXHIYHUIA yHiBEpCHUTET
Kopg 3a €IPIIOY: 02070693

Micuesnaxo,zm(eﬂna: ByJI. XMeJIbHUIIpKE moce, 6yz. 95, Binnung, Binanupkuii p-., 21021, Yrkpaina
dopma ByacHOCTI: Jlepxasna

Cdepa ynpaBiriHHS: MinictrepcTBo oCBiTH i HayKu YKpaiHu

InenTudikarop ROR:

CeKTop HayKH: YHIBepCUTETCHKUI

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

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

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

IloBHE HaliIMEeHYBaHHS 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:

CeKTop HayKH: YHIBepCUTETCHKUI

Penensentu

Baacwue IlpizBume Im'a Ilo-6aTbKOBI:

1. Panitep [leTpo Mukosanosuy



2. Petro M. Raiter
KBasigikamis: x. 1. 1., npodecop, 05.11.13
InenTudikarop ORCHID ID: 0000-0002-3437-2844

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

IloBHE HaliIMEHYBaHHS IOPUAHNYHOI 0COOH: [BanOo-OpaHKIBCHKMIA HALLIOHAIBHUI TEXHIYHUIA YHIBEPCUTET

Ha(TH i razy

Kopg 3a €IPIIOY: 02070855

Micue3HaxoaKeHHS: By Kapnarchka, 6y. 15, IBano-®pankischbk, 76019, Ykpaina
dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH i HayKy YKpaiHu

InenTudikarop ROR:

CeKTOop HayKH:. YHiBEPCUTETCHKUIL

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. 'puropcekuii CraHicsias SpociaBoBrAY

2. Stanislav Y. Hryhorskyi

KBasigikamnis: . . u., mou,, 05.15.13

InenTudikarop ORCHID ID: 0000-0001-6401-0345

JoaparkoBa iHpopManisi: Google Scholar ID: 8BMVCZwAAAAJ; Scopus Author ID: 56712006400

IloBHe HafIMeHyBaHHH Iopn,rmqﬂoi 0C00H: IBano-PpaHKiBCHKUT HAl[iOHATLHUI TEXHIYHMIT YHIBEPCUTET

Ha(TH i razy

Koz, 3a €IPIIOY: 02070855

Micue3HaxoO KeHHS: By KapnaTchka, 6y7. 15, IBano-®pankischbk, 76019, Ykpaina
dopma ByacHOCTI: [lepkasna

Cdepa ynpaBriHHS: MiHicTepCTBO OCBITH | HayKK YKpaiHu

InenTudikarop ROR:

CeKTOop HayKH:. YHiBePCUTETCHKUIL

VIII. 3ak1104Hi BiZOMOCTI
Biacue IpizBuie Im's I1o-6aThKOBI PuGinpkuii Irop Bosiogumuposuy

TOJIOBH pajgu

Biiacue IlpisBume Im's ITo-6aThKOBI Pubitpkuit Irop Bosonumuposuy

TOJIOBYIOYOTO Ha 3acCiaHHi

BiamoBigaibHUH 32 MiZITOTOBKY Tkauyk BiTanii BanepifioBird

00JIiIKOBHX JOKYMEHTIB



PeecTtpaTop VYKpIHTEI

KepiBHuk Bigginy YKpIHTEI, mo €
BiZITIOBiZAaILHUM 3a peecTpallilo HayKoBoi IOpuenko TeTsHa AHaTosiiBHA

OistJIBHOCTI




