O0Js1ikoBa KapTKa aucepTaii

I. 3arasibHi BimOMOCTI

Jep>kaBHHH 00J1iKOBHI HOMep: 0824U002681
Oco006J1uBi TO3HAYKH: BinKpura

JaTa peecrtpauii: 19-07-2024

Craryc: 3axumeHa

PexBi3utu Hakasy MOH / Haka3y 3aKjazy:

I1. BizomocrTi nipo 3700yBaya

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Copoka Hagapiit-Angpiit FOpiitoBuy

2. Nazarii-Andrii Soroka

KBasmigikamis:

InenTudgikarop ORCID ID: 0000-0002-8549-7014

Bupg, pucepranii: nokrop dinocodii
AcnipaHTypa/JIOKTOpPaHTypa: Tak

IIIndp HayKOBOi ceniaIbHOCTI: 152

Ha3zBa HayKoBOIi cIeniaJbHOCTI: MerpoJioris Ta indopMauiiiHO-BUMIpIOBaJIbHA TEXHIKA

FaJIy3b / ralesi 3HaHb: aBTOMAaTU3allisl Ta NPUIALO0yAyBaHHS

OCBiTHbo—HayKOBa nmporpama 3i CreniaJbHOCTI: 152 Merpoioris Ta iHbopManiiiHO-BUMipIOBaIbHA

TexHika

Jdara 3axucTy: 05-09-2024

CrneniaJbHICTh 3a OCBITOIO: 152- MeTpoJioris Ta iHpopMallifiHo-BUMIpIOBa/IbHA TEXHIKa

Micue po6oTu 3400yBayva:
Kopg 3a €IPIIOY:
Micue3Haxoa KeHHS:
®opma ByracHOCTI:

Cdepa ynpasiriHHS:

InenTudgikarop ROR: He zacrocosyerscs



I11. BimomMocTi mpo opranizariiio, e Big0OyBcsl 3aXHCT

Iudp cnenianizoBaHOi BYEHOI pagH (pa30Boi CIeNiaai30BaHOi BY€HOI pagu): 1
20.052.0341D6531

IloBHE HaliIMEHYBaHHS IOPUAHYHOL 0C00H: IBaHo-PpaHKiBChKUII HAl[iOHATBHUI TEXHIYHMIA YHIBEPCUTET

Ha(TH i razy

Kopg 3a €IPIIOY: 02070855

Micue3HaxoaKeHHS: ByJ1. KapniaTceka, 6ya. 15, IBano-®pankiBeek, 76019, Ykpaina
dopma BiracHOCTI: JlepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH i HayKU YKpaiHu

InenTudikarop ROR:

IV. BizomocTi nIpo niznpueMcTBO, yCTaHOBY, OpraHisalliio, B sIKii 0yJ10
BUKOHaHO JHUCEPTALil0

IloBHe HaliIMeHYBaHHS IOPUAHYHOL 0C00H: IBano-PpaHKiBCHKUI HAl[iOHAILHUI TEXHIYHMIT YHIBEPCUTET
Ha(TH i razy

Kopg 3a €IPIIOY: 02070855

Micue3HaxoaKeHHS: ByJ1. KapniaTceka, 6ya. 15, IBano-®pasnkiBcek, 76019, Yrpaina

dopma ByacHOCTI: [lepxkasna

Cdepa ynpaBitiHHS: MiHictepcTBo OCBiTH i HayKu YKpaiHu

InenTudikarop ROR:

V. BimoMocTi npo guceprariio
MoBga guceprTaliiii: Vkpaincbka
Koau TemaTuyHHUX pyopHK: 90.27.29, 90.27.31

Tema gucepranii:
1. IHpopmaliiiHO-BUMipIOBasIbHE 3a6€31eYeHHs POOIT [10Bs13aHUX 3 AeKapOOHi3alli€lo IoCTayaHHs IPUPOJHOIO razy

2. Information and measurement provision for works related to decarbonization of natural gas supply
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1. O6’exTOM OCTIiIKEHb OucepTalifiHOi po6OTH € MPOoLeC BUMipIOBaHHS 00’eMy ra30BOLHEBUX CyMillel s
IekapOoHi3alii mocTayaHHs IPUPOJHOTO rasy. [IpegmeToM SOCIiIPKEHHS € MeTO/I, BU3HAUEHHS 00'eMy
ra3oBOJIHEBOI CyMillli, 10 BPaxXxOBYye 3aJIe’KHICTh KoedillieHTa CTUCHEHHS CYMillli BiJi BMiCTy BOJHIO, i
3aCTOCOBYETBCS IJ1s1 peaisalii il 3 nekapOoHisalii IprpoAHoro rasy. ¥ nuceprauiliHiil po6oTi BupilleHa HayKOBO-
[IpaKTHUYHA 337244, 110 [OB'sI3aHA i3 HEOOXIHICTIO TOYHOTO BU3HAYEHHS PeajlbHOTO 060’eMy ra3oBOHEBOI cymimii
IIJISIXOM BpaxyBaHHS 3MiHM KoeillieHTy CTUCHEHHS], 3yMOBJIEHOi 3MiHOI0 KOMIIOHEHTHOTO CKJIaly IPUPOIHOTO rasy
Ta YaCTKU BOJHIO y CKJIaZli CyMilli. ¥ BCTyIi OOIPYHTOBAHO aKTYyaJbHICTb 33724 JOCJIKEHHS, HaBeJJeHa HayKOBa
HOBU3HA Ta C(POPMYJILOBAHE [IPAKTAYHE 3HAYEHHS] OTPMMAHUX PE3yJIbTaTiB. Y epUIOMY PO3[ijli HaBEIEHO KJII0YOBi

JOKYMEHTU IIPAaBOBOI'O PETYIIOBAHHA €EHEPIrETUYHOIO IIEPEXOAY, 110 BKA3YIOTh Ha l'IOILaI[bH.Ii BEKTOPU PYXY OEP>KAB



€ponercbkoro Corwasy Ta YKpaiHu 3aJ1J1s1 CTaJIOr0 PO3BUTKY CYCIIJIbCTBA, a TAKOK BUKOHAHO OIJISA]L, CBiTOBOTO
HOPMAaTHUBHOTO 3a6e3MedeHHs, 1[0 OXOIII0E BCi JJAHKY CTBOPEHHSI IOJIaHOi BAPTOCTI B MPOIIeCi AekapooHizariii Ha
0a3i BogHEeBUX TeXHOJIOTIN. Byjlo BUKOHAHO OIJIs[ Ail0uMX CTaHJAPTiB BUKOPUCTAHHS IPUPOJHOTO rasy, y KX BXe
HasIBHI 3MiHM I0JJ0 BUKOPUCTAHHSI CyMilllell IPUPOLHOTO ra3y 3 BOAHEM, 300 BEJIeThCSI pOOOTA TEXHIUHMX KOMITETIB
y LbOMY HanpsmMky. Oco6mBa yBara pufijieHa cTaHjapram mozgo 061Ky BOJHIO Ta ra30BOAHEBUX CyMilleH,
OCKiJIbKM TOYHUI 06JIiK rA30BOIHEBUX CyMillel HeoOXigHui fJ1s picKanpHUX oNepaliil i, BifIoBiIHO, PO3BUTKY
PHHKY BOJHIO B yMOBax JleKapOOoHi3allii BUKOPUCTaHHS IPUMPOHOro rasy. ¥ Ipyromy posfijsi BUKOHaHO
TEOPETUYHUI aHaJIi3 NPUIATHOCTI iCHYI0490ro iH(popMaliliHO-BUMIPIOBAJIbHOTO 3a06€3Me4YeHHS /1711 BAKOHAHHS
0071iKy 00’eMy i BUTpaTH BOJIHIO Ta ra30BOAHEBUX CcyMilieil. 3o0KpemMa 0yJI0 pO3TJIsHYTO, SKi TUIHY JIIYUIbHUKIB
MOJYTb 3HAaWTH [TOTEHIiIHE 3aCTOCYBaHHS Y )KUTJIOBOMY, FPOMaZCbKOMY, TPAHCIIOPTHOMY CEKTOPi 41
IIPOMUCJIOBOCTI 117151 06J1iKy 06’€éMy Ta BUTPATU BOJHIO UM ra30BOJIHEBUX CyMilleil. BU3HaY€HO OCHOBHI BUKJIMKH,
IIOB'sI3aHi 3 06J1iKOM BOJHIO Ta rA30BOIHEBUX CyMilllell Ta BUBHAYEHO, SIKi 3 IMX BUKJIMKIB OibII BU3HAYAJIbHI [JIS
KOHKPETHMX THIIIB JIiYAJILHUKIB. Y TPETbOMY PO3Lijli BUKOHAHO AOCIiIPKEHHS KOPEJSILIMHUX METO/IiB BU3HAYEHHS
KoedilieHTy CTUCHEHHSI ra30BOAHEBUX CyMmilllell 3 BMiCTOM BOJHIO 10 20% 3a 06’emom. KoediljieHT cTuCHEHHS,
BJIaCHE, XapaKTepU3ye BiAMiHHICTb MiX ileaJIbHUM Ta peaJbHUM ra30oM i IOBUHEH BPaXxOBYBATHUCS /1151 TOYHOTO
BM3HAYEHHS PeajibHOro 06’eMy rasy 3a 3aflaHux TeMIIepaTypu Ta TUCKY. JlojaBaHHS BOJHIO 10 IIPUPOIHOIO razy
3MiHIOBaTMMeE (Pi3MKO-XiMiUHI IOKa3HUKM CyMillli, 110 6e31ocepesHbO BIJIMHE HA 3HAUYEHHS KoeQillieHTy
CTHCHEHHSA. BUKOHaHO pO3paxyHKU [JIs Ta30BOAHEBUX CyMilleii 3a piBHAHHAM cTaHy AGAS8 Ta 3a KOpeJsLinHUMU
MeTozamu, 30kpema onrcanumu y gogatky I' COY 60.3-100:2012, ski BpaxOBYIOTb JINIIE BMICT IiOKCHUY BYTJIELIIO
abo Juie BiIHOCHY I'yCTHMHY cyMimli rasis. Ilicss nporo 6ysio IpoBefeHo Y 0CKOHaNeHHsT MaTeMaTUYHoi Mozeri
BM3HAUEHHS KOe(PillieHTiB CTUCHEHHS IJISIXOM BpaxXyBaHHSI BMICTy BOJHIO Y BiJITOBiAHUX PiBHSIHHSIX.
AnpTE€pPHATUBHUM PillleHHSIM 6YJI0 3aIIPOIIOHOBAHO 3aCTOCYBAHHSI AJITOPUTMIB LITYYHOI HEIPOHHOI Mepexi AJ1s
PO3paxyHKy Koe(illieHTiB CTUCHEHHS Ta30BOJHEBUX CyMilei. 3 1jielo MeToo 6yJI0 CTBOPEHO Ta HATPEHOBAHO
IITYYHY HEPOHHY MePeXXY IPSIMOTO MOMKPEHHS 3i 3BOPOTHIM NOIIMPEHHSIM IOXUOKU. AHAJI3 XapaKTepy
BiIXWJIEHB | TOPIBHSIHHA Pe3y/bTaTiB BU3HAUYEHHS KOe(illieHTiB CTUCHEHHS Ha 6a3i IIITHM nokazas goLilbHICTb ix
[IPaKTUYHOTO 3aCTOCYBaHHS IJ1s1 BUBHAaYeHHs KoedillieHTa CTUCHEHHS B 33/ja4ax JeKapOoHi3allii mocTayaHHS
IIPUPOJHOrO rasy. Y 4eTBepTOMY PO37iJi IPOBEIEeHO PO3PaxyHOK peaslbHOro 06’eMy rasy, IpuBeJeHOro 10
crangaptHux ymos (0,101325 MITa; 20°C) 3 BpaxyBaHHSIM KoeillieHTiB CTUCHEHHS], 11J0 BU3HA4YeHi 32 po3po6IeHUM
METOJIOM 1 pO3paxoBaHi 3a HASIBHUMU PiBHSHHSIMU BifnoBigHo 1o COY 60.3-100:2012, a TaKOK 3 BAKOPUCTAHHSIM
MonrdiKoBaHMX PiBHSIHb Ta aJITOPUTMIB BU3HAaY€HHS KoedillieHTiB CTUCHEHHS cymilii Ha 6a3i mTy4YHOi HeMpOHHOI
mepexi. Ha ocHOBI IuX po3paxyHKiB po3p0o6s1eHO NPOrpaMHU KO, [J1s1 BUSHaY€HHs KoedillieHTa CTUCHEHHS

ra3oBOOHEBUX CYMiI_Heﬂ Ta BUSHAYE€HHSA PE€AJIbHOTO 067€My I’aSOBOILHeBO'l. CYMIH_II 3d CTaHOAPTHUX YMOB.

2. The dissertation research object is measuring the volume of natural gas-hydrogen blends for decarbonization of
natural gas supply. The subject of research is the method of determining the volume of a natural gas-hydrogen
blend based on the dependence between the compressibility factor of the blend on the hydrogen content and is
used to implement actions to decarbonize natural gas supply. The dissertation solves a scientific and practical
problem related to the need to accurately determine the real volume of the natural gas-hydrogen blend by taking
into account changes in the compressibility factor caused by changes in the component composition of natural gas
and the proportion of hydrogen in the mixture. The introduction substantiates the relevance of the research
objectives, presents the scientific novelty, and formulates the practical significance of the obtained results. In the
first chapter, the key documents of the legal regulation of the energy transition are presented, which indicate the
further development vectors of the European Union and Ukraine for the sustainable development of society, and
an overview of the global regulatory framework covering all links of value creation in the process of
decarbonization based on hydrogen technologies are presented as well. A review of existing standards for the use
of natural gas was carried out, which already have changes regarding the use of natural gas and hydrogen
mixtures, or the work of technical committees in this direction is underway. Particular attention is paid to the
standards for accounting for hydrogen and natural gas-hydrogen blends since accurate accounting of gas-
hydrogen mixtures is necessary for fiscal operations and, accordingly, the development of the hydrogen market in



the context of decarbonization of natural gas use. In the second chapter, a theoretical analysis of the suitability of
existing information and measurement equipment for accounting for the volume and flow of hydrogen and natural
gas-hydrogen blends is carried out. In particular, it was considered what types of meters could potentially be used
in the residential, public, transportation, or industrial sectors to account for the volume and flow of hydrogen or
gas-hydrogen mixtures. The main challenges related to the metering of hydrogen and natural gas-hydrogen blends
were identified and it was determined which of these challenges are more crucial for specific types of meters. In
the third chapter correlation methods for determining the compressibility factor of natural gas-hydrogen blends
with hydrogen content up to 20% by volume were investigated. The compressibility factor, in fact, characterizes
the difference between an ideal and a real gas and must be taken into account to accurately determine the real
volume of a gas at a given temperature and pressure. Adding hydrogen to natural gas will change the physical and
chemical characteristics of the mixture, which will directly affect the compressibility factor value. Calculations for
natural gas-hydrogen blends were performed according to the AGA8 equation of state and correlation methods, in
particular those described in Appendix G of SOU 60.3-100:2012, which take into account only the carbon dioxide
content or the relative density of the gas mixture. The mathematical model for determining the compressibility
factor was improved by taking into account the hydrogen content variable in the relevant equations. As an
alternative solution, it was proposed to use artificial neural network algorithms to calculate the compressibility
factor of natural gas-hydrogen blends. For this purpose, a feed-forward back propagation artificial neural network
was created and trained. The analysis of the nature of the deviations and comparison of the results of determining
the compressibility factor based on the ANN showed the feasibility of their practical application for determining
the compressibility factor in the tasks of decarbonizing natural gas supply. In the fourth section, the calculation of
the real volume of gas at standard conditions (0.101325 MPa; 20°C) was carried out, taking into account the
compressibility factor calculated using existing methods in accordance with SOU 60.3-100:2012, modified
equations, and artificial neural network algorithm. Based on these calculations, a code was developed to calculate
the compressibility factor and to determine the real volume of the natural gas-hydrogen blend at standard
temperature and pressure.
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BinmoBigabHUH 32 MiZITOTOBKY Copoxa Hasapiii-Anppiii FOpiiioBird
00JIiIKOBHX JOKYMEHTIB

PeecTpartop YkpIHTEI



KepiBHuk Bigginy YKpIHTEI, mpo €
BiZITIOBiZaIBHUM 3a peecTpallilo HayKoBoi IOpuenko TeTsHa AHaTosiiBHA

JisiIbHOCTI




