O0Js1ikoBa KapTKa aucepTaii

I. 3arasbHi BimOMOCTI
Jep>kaBHHH 00J1iKOBHI HOMep: 0824U002681
Oco06J1uBi TO3HAYKH: BinKkpura

JaTa peecrtpamnii: 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

Ha3Ba HayKoBOIi cIeniaJIbHOCTI: MerpoJioris Ta iHdopMauiiiHO-BUMIpIOBaJIbHA TEXHIKA
FaJIy3b / ralesi 3HaHb: aBTOMAaTU3allisl Ta NPUIALO0yAyBaHHS

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

TeXHiKa

Jdara 3axucTy: 05-09-2024

CrneniaJbHICTh 3a OCBITOIO: 152- MeTpoJiorist Ta iHpopMallifiHo-BUMIpIOBa/IbHA TEXHIKa
Micue po6oTu 3700yBayva:

Kopg 3a €IPIIOY:

Micue3HaxoaKeHHS:

dopma ByracHOCTI:

Cdepa ynpasiiHHS:

InenTudikarop ROR: He zacrocosyerscs

CeKTop HayKH: He 3aCTOCOBYETHCS



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:

CeKTop HayKH: YHIBepCUTETChKUI

IV. BimomocTi Ipo nmigznpueMcTBO, YCTaHOBY, OpraHi3alliio, B sIKi# 0yJ10
BUKOHaHO JHUCEPTALil0

IloBHE HaliIMEeHYBaHHS IOPUAHYHOL 0C00H: IBano-PpaHKiBChKUII Hal[iOHATBHUI TEXHIYHMIA YHIBEPCUTET

Ha(dTH i razy

Kopg 3a €IPIIOY: 02070855

Micue3HaxoaKeHHS: ByJ1. KapnaTceka, 6ya. 15, IBano-®pankiseek, 76019, Ykpaina
dopma BiracHOCTI: /lepxaBHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

CeKTop HayKH: YHiBepCUTETChKUI

V. BimomocTi npo guceprariio

MoBa gucepTanii: Yxpaincoka

Koau TemaTuyHuX pyopuk: 90.27.29, 90.27.31

Tema gucepranii:

1. IndpopmaniitHo-BuMipIoBasibHe 3a6e3redeHHs pOObiT 0BA3aHUX 3 AeKapOOHi3alieo MocTavyaHHs IPUPOIHOTO razy

2. Information and measurement provision for works related to decarbonization of natural gas supply

Pedepar:

1. O6’exTOM JlOCTIiI>KEHb JucepTallifiHOi poOOTH € NPOoLeC BUMipIOBaHHS 00’eMy ra30BOJHEBUX CyMilllel 1Jist
IeKapOoHi3allii mocTayaHHs IPUPOJHOTO rasy. [IpegMeTomM JOCHIIKEHHS € METO/, BU3HAUEHHS 00'eMy
ra3oBOJIHEBOI CyMillli, 0 BPAXOBYE 3aJI€XKHICTb KoeillieHTa CTUCHEHHSI CyMillli BiJj BMiCTy BOJHIO, i
3aCTOCOBYETHCS IJ1s1 peasisalii fiil 3 nekap6oHisawjii nprpoaHoro ragy. ¥ nucepraliiiHiii po6oTi BupileHa HayKoBO-
IIpakTMYHa 337244, 1110 [I0B'sI3aHA i3 HEOOXiIHICTIO TOYHOI'O BU3HAYEHHS PEaIbHOT0 00’eMy ra3oBOHEBOI cymili

IIJIIXOM BpaxyBaHHS 3MiHU KOeQillieHTy CTUCHEHHS], 3yMOBJIEHOI 3MiHOI0 KOMIIOHEHTHOTO CKJIaZy IPUPOIHOTO rasy



Ta YaCTKU BOJHIO y CKJIaZi CyMilli. Y BCTyIli OOIPYHTOBAHO aKTyaJIbHICTh 3a7a4 JOCJIIKEHHS, HaBeJJeHa HayKOBa
HOBU3HA Ta c(pOpMyJIbOBaHE [IPAKTUYHE 3HAYEHHS OTPUMaHUX pe3yJIbTaTiB. Y Mepuomy po3fii HaBeleHO KII0Y0Bi
IOKYMEHTHU IIPABOBOTO PETYJIIOBAHHS €HEPIETUYHOIO IIEPEXOY, 110 BKa3yIOTh HA MOJAJIbIIi BEKTOPH PYXY LEPKaB
€spornencbkoro Coray Ta YKpaiHu 3afJ1s1 CTaJoro PO3BUTKY CYCIIiIbCTBA, 4 TAKOK BUKOHAHO OIJIA]], CBITOBOTO
HOPMAaTHBHOTO 3a6e3I1e4eHHs], 110 OXOIJII0E BCi JIaHKU CTBOPEHHSI JOJAHOI BapTOCTi B IIpoueci nekapboHizarii Ha
0a3i BogHeBUX TeXHOJIOTIN. Byjlo BUKOHAHO OIJIsI Ail0YMX CTaHJAPTIB BUKOPUCTAHHS IIPUPOJHOTO rasy, y SKUX BXe
HasIBHI 3MiHM 10JJ0 BUKOPUCTAaHHSI CyMilllell IPUPOIHOrO ra3y 3 BOAHEM, a00 BeJleThCsl poO0OTa TEXHIUHNX KOMITETIB
y IbOMY HanpsamKy. OcobsvBa yBara NpujijieHa CTaHJapTaMm 1oA0 006J1iKy BOJHIO Ta FAa30BOJIHEBUX CyMillleH,
OCKiJIbKY TOYHUI 06JIiK ra30BOIHEBUX CyMillel HeoOXigHu 1J1s icKasipHUX ONepaliil i, BifoBiIHO, PO3BUTKY
PYHKY BOJHIO B yMOBax JleKapOoHi3allii BUKOPUCTaHHS IPUPOHOro rasy. ¥ IpyromMy posfijsi BUKOHaHO
TEOPETUYHUI aHaJi3 NPUAATHOCTI iCHYI04Oro iH(pOpMaLiliHO-BUMIPIOBAJILHOTO 3a0€3€4€HHS 1J151 BAKOHAHHS
006J1iKy 06’eMy i BUTpATH BOLHIO Ta rA30BOJHEBUX CyMilleil. 30Kkpema 6yJ10 PO3IJISIHYTO, SIKi TUIM JIiYNJIbHUKIB
MOXYTb 3HANTHU MOTEHIIMIHE 3aCTOCYBaHH Y KUTJIIOBOMY, TPOMaJICbKOMY, TPAHCIIOPTHOMY CEKTOPi 41
IIPOMMUCJIOBOCTI IJ1s1 00J1iKy 06'€éMy Ta BUTPATU BOJHIO Y ra30BOJHEBUX CyMillell. BU3Ha4eHO OCHOBHI BUKJIMKY,
MOB'sI3aHi 3 06J1IKOM BOJHIO Ta ra30BOIHEBUX CyMilllell Ta BUBHAUEHO, SIKi 3 INX BUKJIMKIB OibII BU3HAYAJIbHI [JIS
KOHKPETHMX THIIiB JIiYAJIbHUKIB. Y TPETbOMY PO3Zijli BUKOHAHO AOCIiIP)KEHHS KOPEJSILIMHUX METO/IiB BU3HAYEHHS
KoediljieHTy CTUCHEHHSI ra30BOJHEBUX CyMmilllel 3 BMiCTOM BOJHIO 10 20% 3a 06’emoMm. KoediljieHT cTuCHeHHS,
BJIACHE, XapaKTepu3ye BiIMiHHICTb MiX iZleaJIbHUM Ta peaJbHUM ra3oM i IOBUHEH BPAaxOBYBATUCS OJ1s1 TOYHOTO
BM3HAYEHHS PeajsibHOro 06’eMy rasy 3a 3aJlaHux TeMIIEPaTypH Ta TUCKY. JloaBaHHS BOJHIO 10 IIPUPOIHOTO razy
3MiHIOBaTHMMeE (Pi3UKO-XiMiUHI TOKa3HUKM CyMilli, 110 6e31ocepeHbO BIJIMHE Ha 3HaY€HHS KoeQillieHTy
CTHCHEHHS. BUKOHAHO pO3paxyHKU [JIs1 Ta30BOAHEBUX CyMilleli 3a piBHAHHAM cTaHy AGAS Ta 3a KOpeJsLiHUMU
MeTOJaMu, 30Kpema onucanumu y gogatky I' COY 60.3-100:2012, ski BpaxOBYIOTb JIMIIE BMICT IiOKCULY BYTJIELIIO
abo Juie BiIHOCHY ryCTHMHY cyMimii rasis. Ilicss nporo 6ys10 IpoBeneHo yI0CKOHaNeHHsI MaTeMaTUYHoi Mozeri
BU3HAUYEHHS Koe(illieHTiB CTUCHEHHS IIJISIXOM BpaxXyBaHHsI BMICTy BOJHIO Y BiJITOBiIHUX PiBHSIHHSIX.
AbTEpHATUBHUM PillIeHHSIM 0YyJIO 3alIPOIIOHOBAHO 3aCTOCYBAHHS aJITOPUTMIB IITYyYHOI HEIPOHHOI Mepexi 1151
PO3paxyHKy Koe(illieHTiB CTUCHEHHS Ta30BOJHEBUX CyMilei. 3 1jielo MeToo 6yJI0 CTBOPEHO Ta HATPEHOBAHO
IITYYHY HEPOHHY MePeXKy IPSIMOTO MOMKUPEHHS 3i 3BOPOTHIM MOIMPEHHSIM IIOXUOKU. AHAJI3 XapaKTepy
BiIXWJIEHB | IOPIBHSIHHSA pe3y/bTaTiB BU3HAUYEHHS KOoe(illieHTiB cTUCHEHH Ha 6a3i IIITHM nokazas JoLinbHICTb ix
IIPaKTUYHOTO 3aCTOCYBaHHS 1J1s1 BUBHAaYeHHS KoedillieHTa CTUCHEHHS B 33/ja4ax JeKapOoHi3alii moctayaHHs
IIPUPOJHOrO rasy. Y 4eTBepTOMY PO3ZiJi IPOBEEHO PO3PaXyHOK PeaslbHOro 00’eMy rasy, IIpUBeIeHOro 10
craHgapTHux ymos (0,101325 MIIa; 20°C) 3 BpaxyBaHHSIM KoeQillieHTiB CTUCHEHHS, 1110 BU3HA4YEHI 32 PO3PO6IeHUM
METOJIOM i pO3paxoBaHi 3a HASSBHUMMU PiBHSIHHSIMU BifnoBinHo 1o COY 60.3-100:2012, a TaKOK 3 BAKOPUCTaHHSIM
MoAU(IKOBAHUX PiBHSIHb Ta AJIFOPUTMIB BU3HAYEHHS KOeillieHTiB CTUCHEHHSI CyMillli Ha 6a3i ITy4YHOI HETPOHHOI
Mepexxi. Ha 0CHOBI IUX po3paxyHKiB po3p0o06sieHO IPOrpaMHUI KO, 171 BU3HAUEeHHs KoedillieHTa CTUCHEHHS

ra3oBOJHEBUX CYMiIHefI Ta BUSHAYE€HHSA PE€AJIbHOTO 067€My FaSOBOILHeBO.l. CYMIIHI 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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InenTudikarop ROR:

CeKTOop HayKH: YHIBEpPCUTETCHKUI

VIII. 3akir04Hi BimoMocTi

Biacue IpizBume Im's ITo-6aThKOBI Cepeziok Opect €BreHosny

rOJIOBH pagu



BaacHe IlpizBume Im's I10-6aTbKOBI Cepeniox Opect €BreHoBUY
TOJIOBYIOYOTO Ha 3acCiiaHHi
BiznoBigassHUH 3a MiATOTOBKY Copoka Haszapiii-Anppiit OpiiioBuy

00JIiKOBUX JOKYMEHTIB

PeecTpaTop VkpIHTEI

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZIIIOBiZaJIbHUM 32 peECTpallilo HAayKOBOIi IOpuenko TeTsHa AHaTosiiBHA

OisSIIBHOCTI




