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1. Makcum'iok C.O. YoockoHaseHHs iHpopMaliiiHO-BUMIpIOBaJIbHUX CUCTEM SIKOCTI i TPaHCIIOPTYBaHHS
€HepropecypciB Ha 3acajax ix eHepreTUyHoi LiHHOCTI. — KBamigikaliliHa HayKoBa ITpalsl Ha IpaBaxX PyKOIUCY.
Juceprauis Ha 3000yTTS HAyKOBOTO CTyIEHS oKTopa (inocodii 3a crnenjanpHicTo 152 — MeTpoJioris Ta
indopmaniitHo-BrMipIOBasibHA TeXHIKa. — IBaHO-PpaHKiBCbKUN HaLliOHAJIbHUI T€XHIYHUH yHiBepcuTeT HadTy i
rasy, M. IBaHo-®paHkiBcbK, 2024. O6'€KTOM [OCIIiIPKEHb € MIPOLeC BU3HAUYEHHS €HepreTUYHOI LiiHHOCTI IPUPOJHOTO
rasy B po3rajly>ke€HUX ra3oBUX Mepeskax HU3bKOTO TUCKY. [IpeMeToM JOCiIKEHHS € METOAM OLiHK/A €HePreTUYHOi
LiHHOCTI rasy Iif, 4ac TpPaHCIOPTYBaHHS B ra30pO3MOibHiN cucTeMi, Ha 6a3i cydacHUX iHdopMaliitHO-

BAMIPIOBaJIbHUX TEXHOJIOTiH, EKCIIPEC-METOy KOHTPOJIIO SIKOCTI ra3y, a TaKOX BIJIMBY JOMIIIOK BOJHIO Ta



6iomeTaHy Ha (PyHKLiOHA/IbHI TapaMeTpy Mepexi. Y nucepTaliliHiil poboTi BUpilleHa HayKOBO-TIPAaKTUYHA 3a7a4a,
[IOB’sI3aHA 3 YIOCKOHAJIEHHSIM iHOopMaLiliHO-BUMIPIOBAJIbHUX CUCTEM [IJIs1 BUBHAUEHHS SIKOCTi EHEPrOpPeCcypcCiB y
ra3opo3INoJiIbHUX Mepeskax 3 JBoMa J)KepeslaMy ra3oloCTavyaHHs UIJIIXOM PO3p00JIeHHS] HOBUX MaTeMaTUYHUX
MoJesiell 3 BpaxyBaHHSIM BILJIMBY 3aKa4aHOTo 6iOMeTaHy Ta BOJHIO B ra30MpoBil. Y BCTYIIi OO PYHTOBAHO
aKTyaJIbHICTb 3324 JOCJiIPKEHHS, HaBeJleHa HayKOBa HOBM3HA Ta CHOPMYJIbOBaHE NIPAKTUYHE 3HAYEHHS
OTPUMAHMX PE3YJIbTATIB. Y NePIIOMY PO3/iJli 3[[iICHEHO CUCTEMHUI aHaJIi3 Cy4aCHUX MiXOiB IO KOHTPOJIIO SIKOCTi
Ta TPAHCIOPTYBAaHHS IPUPOJHOTO ra3y, OOIpPyHTOBAHO NIEPEXif O eHEPTeTUYHMX OAUHUIb 00JIiKy 1 aKTyaJIbHICTh
TOCJIiIPKEHHS B3a€MO3B'SI3Ky MiXK SIKICHUMM XapaKTepUCTUKAaMU razy Ta napameTpamy Mepex sl iHTerpauii HoBux
€HeproHociiB. Y gpyromy po3aiji nucepTratii po3po6ieHo METOLUKY OLiHKY BUIIOI TEIJIOTH 3TOPaHHS IPUPOLHOTO
rasy B posrajly>k€HUX Mepeskax 3 JBoMa BXOJlaMH, 1J0 BpaxoBye 00'€MHi 4YaCTKM IOTOKIB i (pi3auKo-ximiuHi
napaMeTpu rasy. 3alrporoHOBaHO MaTEMAaTUYHY MOZEJb, 3aCHOBaHy Ha 6araTo()akTOpHOMY PerpeciiHoMy aHali3i,
Ta MiATBEPIKEHO ii BUCOKY TOYHICTH i3 MoXn6Kow 0,24%. Po3pobiaeHo anroputm QyHKLIOHYBaHHS iHpOopmMaLiitHO-
BHAMIPIOBaJILHOI CUCTEMHU KOHTPOJIIO SIKOCTI ra3y, IKUi BKJIIOYA€ iHTEeTpallilo 3 CUCTEMaMH JUCIeTYepr3allii, a TAKOXK
3aIIPOIIOHOBAHO BUKOPUCTAHHS ITYYHUX HEUPOHHUX MEPEX [J1s1 MiJBUIIEHHSI TOYHOCTI IPOTHO3iB. Mozesnb
aJlafiTOBAHO 715 BpaxXyBaHHS BIVIMBY BOJHIO, 1O 3a6€3M€4Yunso cepeHIo noxuoky 0,31%, ninTeepmKyouu ii
MIPUJIATHICTD [1714 IPOTHO3YBAHHS 3MIlIaHUX ra3iB. Y TPETbOMY PO3Lisi JOCIiIKEHO BIIJIUB IKOCTi IPUPOJHOTO raszy
Ha [apaMeTpy ra30TpaHCIOPTHUX MepeK. MozieTI0BaHHS 110Ka3aslo, 10 3HKEHHS TEIJIOTBOPHOI 34aTHOCTI Ha
4,5% 36isblly€e CIIOXKMBAHHA a3y Ta 3MEHIIYE 3aMacy y CXOBUIIAX. YIOCKOHATIEHO METO]], OLiHKY TEXHIYHOTO CTaHy
ra3oInpoBOZiB HU3bKOTO THUCKY, B IKOMY Ha BifJMiHy Bifl iCHyI0uMX, 3aCTOCOBaHO HOBUI iH(POPMATUBHUII TapaMETP
3MiHU TEIJIOTBOPHOI 3IaTHOCTI ra3y, 10 JO3BOJISIE IPOTHO3YBATH YTBOPEHHS KOPO3iMHUX MTOMKOIKEHb
TPYOOIIPOBOMY HU3bKOTO TUCKY. Y YETBEPTOMY PO3[iJi JOCHiIKEHO €HEPreTUYHY L[iHHICTb 6iorasy, BIJIUB IOTO
KOMIIOHEHTIB Ha XapaKTePUCTUKM Ta30BUX CyMilllel Ta alaliTOBaHO MOJENb OLiHKY TEIJIOTY 3TOPSHHS IJ1s
iHTerpauii 6iomeTaHy B razonpoBoy. [TpoaHanizoBaHO TE€XHOJIOTI ounIeHHs 6iorasy, BUMOTU 1O SKOCTi 6ioMeTaHy
3a CTaHJapTaMy, a TAaKOX BIUIMB KUCHIO Ha €HePreTUYHi [1I0Ka3HUKY rady. Po3pobiieHa HellpoHHa Mepeska J1s1
[IPOTHO3YBAaHHS TEIJIOTH 3rOPAaHHS IPUPOJHOTO razy B MEpesKax 3 JBOMa BXOJIaMHU, 3 YPaxyBaHHSIM IIPUCYTHOCTI B
ra3onpoBofi IPUPOLHOrO rasy, BOAHIO Ta 6iomeTaHy, 3a6e3Medynsia BUCOKY TOUHICTb pe3ysbTaTis (R 2 0.996). ¥
paMKax anpobatiii pe3ysbTaTiB CTBOPEHO IIPOEKTH IBOX HallioHanbHUX cTanaapris: JCTY EN 16723-1:2023 ns
inTerpauii 6iomeTany B razorpaHcnoptHy cuctemy ta JCTY EN 12007-4:2019 nj1s1 MozepHi3allii ra30BUX MEpPEX 10
16 6ap i3 akLeHTOM Ha 6e3MeKy Ta HaZilHiCTb. KyI04oBi C/10Ba: MPUPOIHUN ra3, MaTeEMaTUYHA MOJIENb, TOXNOKA
BUMIpPIOBaHHS, Pe3yJIbTaT BUMIPIOBaHHS, HEMPOHHI MePEXi, AiarHOCTUYHI 03HAKU, EHEPreTUYHI TapaMeTpH,
IekapO6oHi3allisi, BOZeHb, Fa30BOAHEBI CyMilll, TBepAi NOOYTOBI BixoAu, KOMIIOHEHTHUI CKJlafl, 6ioras, CTaTUCTUYHI

OHiHIOBaHHﬂ, TPaHCIIOPTYBAHHA BerIeBO,U‘HiB.

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.

Jep>kaBHUHM peecTpauiiiHuii Homep [iP:

IIpiopuTeTHHI HanIPsAM PO3BHTKY HayKH i TEXHIKH: QyHmaMeHTaNIbHi HAYKOBI OCTI/PKEHHS 3 HANGibII
BRXJIMBUX IPOGJIEM PO3BUTKY HAYKOBO-TEXHIYHOIO, COLIiaJIbHO-€KOHOMIUHOr0, CyCIiIbHO-MIOJiTUYHOTO,
JIIOJICBKOTO MOTEHLiaNy 1715 3a0€e311e4€eHHSI KOHKYPEHTOCIIPOMOXKHOCTI YKPAiHU Y CBiTi Ta CTaJIOr0 PO3BUTKY

CyCIHiNIbCTBA i Aep>KaBU

CrpareriyHuii NpiOpUTETHUH HAaNPSIM iIHHOBALiHHOI AisIJIBHOCTI: OCBOEHHS HOBMX TEXHOJIOTIH
TPaHCIIOPTYBaHHS €HEPTii, BIPOBAI)KEHHS €HEProePEeKTUBHUX, PECYPCO30€piralourx TEXHOJIOTIl, OCBOEHHS

aJIbTEPHATUBHUX JKEPeEJl eHeprii
I'[i,ucyMKH IOCJIiI>KEHHS: TeopeTuyHe y3arajabHEHHs i BUPilIEHHs BOXJIMBOI HayKOBOI TpoGIeMu

Iy6sikaii:

e Maksymiuk, S., Rybitskyi, L., Karpash, O., Tsykh, V., Doroshenko, Y. (2024). Method for Estimating the Calorific
Value of Natural Gas for Branched Networks Using Express Quality Control Tools. In: Babak, V., Zaporozhets,
A. (eds) Systems, Decision and Control in Energy VI. Studies in Systems, Decision and Control, vol 561.
Springer, Cham.

e Bucouancekuii I. 1., Yab6an H. I., Makcum'tok C. O. OnTumisanist ra3oBUX MepeK HU3bKOTO TUCKY 3 BpaXyBaHHSM
€HepPreTUYHMUX XapaKTEePUCTUK IPUPOJHOrO rasy / Po3Bingka Ta po3pobka HadTOBUX i ra30BUX POJOBUIIL,. -
2017. - N2 4. - C.103-110.

e Makcum'iok, C. O. Bucovancokuii . 1., Kapnam O. M. AHasi3 BUKJIMKIB y CHCTEMHOMY MiXO/i YIIPaBIIiHHS
IVHaMiYHUMU IIPOLlecaMy MepexX ra3oTpaHciopTHoi cuctemu / Hadrorazosa eHepreruka. - 2018. - N2 2. - C.
25-31.



¢ Makcum'tok C.O. Kapnam O.M. luBepcudikallis MeTOZiB iarHOCTUKY TEXHIYHOTO CTaHy ra3olpoBOIiB B
YMOBaXxX PO3BUTKY CUCTEMHU OLiHKU SIKOCTi MPUPOAHOro ragy 3a npunuunamu €C / HayKoBO-TexXHIYHUI
JKypHas «MeToau Ta Npuiaayu KOHTPoJIo sikocTi». 2020. N2 (45). C. 82-89.

e Voronych, A, Yatsyshyn, T., Raiter, P., Zhovtulya, L., Maksymiuk, S. (2023). Research of Characteristics of Solid
Waste as Energy Resource. In: Zaporozhets, A. (eds) Systems, Decision and Control in Energy IV. Studies in
Systems, Decision and Control, vol 454. Springer, Cham.

HayKOBa (HayKOBO-TeXHi‘{Ha) Hpo,quI.(iﬂ: METOJH, TEOPIi, rIoTe3n; IPOEKTA HOPMATUBHUX OKYMEHTIB
ConiaJIbHO-€EKOHOMIYHA CHpﬂMOBaHiCTb: MigBUIIEHHS aBTOMAaTU3allii BUpOOHUYMX ITPOLIECiB

OxopoHHi gokymeHTH Ha OIIIB:

BrnpoBaz>keHHS pe3yJIbTaTiB AHCEPTaLii: [liaHyeTbCs 10 BIPOBaIKEHHS

3B'A30K 3 HAYKOBHMH TeMaMH: 0117U007107

VI. BizoMocCTi Ipo HayKOBOT0 K€PiBHUKa /KePiBHHUKIB (KOHCYJIbTAaHTA)

Baacue IlpizBuuie Im's Ilo-6aTbKOBI:
1. Pubiupkuii Irop Bonogumuposny

2. Ihor V. Rybitskyi

KBasmigikanis: 1. r. 1., gou,., 05.11.13
ImenTudikarop ORCHID ID: 0000-0003-3596-3918

HoparkoBa iHpopmamisi: Google Scholar ID: fZ9SWRUAAAAJ; Scopus Author ID: 56070136800; Web of
Science Researcher ID: E-3832-2019

IloBHE HalIMEHYBaHHS IOPUAHNYHOI 0COOH: [BaHO-DpaHKIBCHKMIA HALLIOHABHUIT TEXHIYHUIA YHIBEPCUTET

Ha(TH i razy

Kopg 3a €IPIIOY: 02070855

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

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBiTH | HAayKU YKpaiHu

InenTudikarop ROR:

VII. BigomocTi npo odinilfiHHX ONOHEHTIB Ta PELeH3€HTiB
OdiuiiiHi oIOHEHTH
BiacHe IIpizBuie Im'sa ITo-6aTbKOBI:

1. Mariko @enip IMuTpoBuY

2. Fedir Matiko

KBasigikanis: n.r.1., gou., 05.11.01

Imentudikarop ORCHID ID: 0000-0001-6569-2587



JoparkoBa iHpopmauist: https://www.scopus.com/authid /detail.uri?authorld=29068004100
IloBHE HaliIMEHYBaHHS IOPUAHNYHOI 0CO0M: Hauionanbuuii yHiBepcurert "JIbBiBCbKA MOJITEXHIKA"
Kopg 3a €IPIIOY: 02071010

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

dopma BiracHOCTI: JlepxaBHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

BiacHe IIpi3Buie Im'sa I1o-6aTbKOBI:
1. Kyn IOpii1 BacunboBuy
2. Yurii Kuts

KBasigikamis: 1.1, npodecop, 05.11.16
InenTudirkarop ORCHID ID: 0000-0002-8493-9474
HoparkoBa iHpopmamist: https://www.scopus.com /authid /detail.uri?authorld=26532936000

IloBHE HaliIMeHYBaHHS IOPUAHYHOL 0C00H: HanjioHanbHuii TexHiuHuil yHiBepcuteT Ykpainu "KuiBchKuit

MOJIITEXHIYHMM iIHCTUTYT imMeHi Irops Cikopcpkoro”

Kopg 3a €IPIIOY: 02070921

Micue3HaxoaKeHHS: npociekT bepecTeiichKuii, oyx. 37, Kuis, 03056, Ykpaina
dopma BiracHoCTI:

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH i HayKU YKpaiHu

InenTudikarop ROR: He zacrocosyerscs

Penensentu

Baacue IlpizBumie Im's Ilo-6aTbKOBI:

1. IBopcekuit AHzpiit BikTropoBuy

2. Anppin B. fABopcbKui

KBasigikanis: k.r.u., gou,, 05.11.13

ImenTudikarop ORCHID ID: 0000-0002-5970-4286

JoparkoBa iHpopMmamist: https://www.scopus.com /authid /detail.uri?authorld=57220331064

IloBHE HaliMEeHYBaHHS IOPUAHYHOL 0C00H: IBaHO-PpaHKiBChKUI HAI[IOHATLHUI TEXHIYHMIA YHIBEPCUTET

Ha(TH 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:



Baacwue IlpizBumie Im's Ilo-6aTbKOBI:

1. 'puropcekuir Cranicias SpociaBoBruY

2. Stanislav Hryhorskyi

KBasigikamis: . r. u., gouenr, 05.15.13

InenTudikarop ORCHID ID: 0000-0001-6401-0345

HoparkoBa iHpopmawist: https://www.scopus.com /authid /detail.uri?authorld=56712006400

IloBHE HaliMEeHYBaHHS IOPUAHYHOL 0C00H: IBaHO-PpaHKiBChKUI HAI[IOHAILHUI TEXHIYHMIA YHIBEPCUTET

HaTH i razy

Kopg, 3a €IPIIOY: 02070855

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

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKH YKpaiHu

InenTudikarop ROR:

VIII. 3aKkJII04Hi BiZoMOCTi

BiiacHe IIpizBuie Im'sa ITo-6aTbKOBI Cepentok Opect €BreHoBUY
TOJIOBH paju

BsiacHe IIpi3Buie Im'sa ITo-6aTbKOBI Cepepiok Opect €BreHoBUY
rOJIOBYIOYOTO Ha 3acCiiaHHi

BigmoBimasibHU 32 MiATOTOBKY Makcnm'iok Cepriit OpecToBUY

00JIIKOBHX JOKYMEHTIB

PeecTtpartop YkpIHTEI

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZITIOBiZaJIbHUM 3a PeeCTpalLio HayKoBoi IOpuenko TeTsHa AHaTosiiBHA

OisIJIBHOCTI




