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MOJIEJISIX

2. Study of the stress-strain state of beam crossings in oil and gas pipelines using mathematical models

Pedepar/anoTanis:

1. InceprauiiiHy po60Ty IPUCBSIYEHO NOCTIIPKEHHIO HAIIPY>K€HO-1e(POPMOBAHOTO CTaHy 0aJIKOBUX IIEPEXOIiB
MaricTpasibHUX Ha@TOra3orpoBo/liB Ha OCHOBI MaTeMaTUYHOTO MOJIE/II0BaHHS. AKTYaJIbHICTb JOCIIIPKEHHS
3YMOBJIEHA TUM, 1110 6aJIKOBi [IepEX0U € OAHUMU 3 HANOiJIbIll HABAaHTAXXEHUX €JIEMEHTIB TPYOOIIPOBIIHUX CUCTEM.
Ha ixHill Hanpy>keHO-e(OPMOBAaHUI CTaH OJHOYACHO BIJINBAIOTh BHYTPILIHIN TUCK, BJIaCHA Bara Tpyo i
TPaHCIIOPTOBAHOTO IPOAYKTY, CUJIY iHEPIIii, TEMIIEPATYypHIi BIIJINBY, B3a€MO/Iis 3 OTIOPAMHU, a TAKOK CENCMIvHi,
BITPOBI, CHIrOBI Ta JIbO/IOBI HaBaHTaXeHHs. OCO6/IMBY HEOe3eKy CTAaHOBJIATh AMHAMIYHI HaBaHTaKe€HHS, SIKi
MOXYTb CIIPUUMHSITU KOJIMBAHHS TPYyOOIIPOBOAY Ta PO3BUTOK BTOMHUX IIPOLECIiB y MaTtepiasi Tpyo. MeTolo
IYCepTaliiiHOI po60TH € BCTAHOBJIEHHS 3aKOHOMIPHOCTE (POPMYBaHHS IPOTMHIB OCi, 3rMHAIbHUX MOMEHTIB i CUJI

iHeprii 6a7KOBUX Mepexo/IiB MaricTpasbHUX HATOra30MPOBOIiB HA OCHOBI MAaTEMAaTUYHUX MOJeJIel 3a Pi3HUX



pexXUMiB eKcITyaTauii. ¥ po6oTi fociIKeHo Tpy XapaKTepHi 3a7ayi [uHaMiku 6a7IKOBUX IepexoiB. Y nepuiit
3a/1a4i po3pob6sieHO MaTeMaTUYHy MOZeJIb II0CJIiIOBHOTO [TlepeKayyBaHHs ABOX Pi3HUX HAPTONPOLYKTiB (OEH3NHY Ta
IVM3€JIbHOTO IaJIMBa), PO3[iJIEHNX PO3ibHMKOM CepeloBUIL. BCTaHOB/IEHO, 1O TPOXO/’KEHHSI PO3/iJIbHUKA Yepe3
6aJIKOBUI1 NTepexi/l BUKJIMKAE 3HAKO3MiHHI KOJIMBAaHHS OCi TPyOONPOBOY Ta 3TMHAJIBHUX MOMEHTIB, OOYMOBJIEHI
CTPUOKOINOAI6HOI0 3MiHOIO TYCTMHU TPAHCIIOPTOBAHOTO cepenopuima. [lokasaHo, 10 MaKCHMMaJbHi 3TMHAJIbHI
MOMEHTH IpU MOCJIiJOBHOMY II€PEKa4YyBaHHI I€PEBUIIYIOTH BiIOBiAHI 3Ha4Y€HHS IIPY OKPEMOMY TPaHCIIOPTYBaHHI

OeH3MHY Ta AU3€JIbHOrO NajuBa BifnosigHo y 1,29 ta 1,12 pasa.

2. This dissertation is devoted to the study of the stress-strain state of beam crossings in main oil and gas pipelines
based on mathematical modeling. The relevance of this research stems from the fact that beam crossings are
among the most heavily loaded elements of pipeline systems. Their stress-strain state is simultaneously influenced
by internal pressure, the dead weight of the pipes and the transported product, inertial forces, temperature
effects, interaction with supports, as well as seismic, wind, snow, and ice loads. Dynamic loads pose a particular
danger, as they can cause pipeline vibrations and the development of fatigue processes in the pipe material. The
aim of this dissertation is to establish the patterns governing the formation of axial deflections, bending moments,
and moments of inertia in beam crossings of main oil and gas pipelines based on mathematical models under
various operating conditions. The work investigates three characteristic problems in the dynamics of beam
crossings. In the first problem, a mathematical model was developed for the sequential transfer of two different
petroleum products (gasoline and diesel fuel) separated by a phase separator. It was established that the passage of
the separator through a beam transition causes alternating oscillations of the pipeline axis and bending moments,
caused by a step-like change in the density of the transported medium. It is shown that the maximum bending
moments during sequential pumping exceed the corresponding values for the separate transport of gasoline and
diesel fuel by a factor of 1,29 and 1,12, respectively.
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JIIOACBHKOTO MOTEHL{aNy 17151 3a6e3Me4eHHs] KOHKYPEHTOCIIPOMOKHOCTI YKpaiHu y CBITi Ta CTAaJIOr0 PO3BUTKY

CyCIHiJIbCTBA i Aep>KaBU

CrpareriyHuii NpiopUTETHUH HANPSIM iIHHOBALiHHOI AisIJIbHOCTI: OCBOEHHS HOBMX TEXHOJIOTIH
TPaHCIIOPTYBAaHHS €HEPTii, BIPOBAIKEHHS €HEProe(PeKTUBHUX, PECYPCO30€piralourx TEXHOJIOTIl, OCBOEHHS

aJIbTEPHATUBHUX JKEpeJl eHeprii
I'[i,ucyMKH IOCJIiA>KEeHHS: HoBuit HaIPSIMOK y HayLi i TEXHiLi

Iy6sikarii:

e Tymkiv D., Hrudz V., Tutko R., Tutko T. Forced oscillations of an oil pipeline at an overhead crossing during
sequential pumping of various oil products // PROSPECTING AND DEVELOPMENT OF OIL AND GAS FIELDS.
2024. No. 1. P. 32-43. ISSN 1993-9973 DOI: 10.63341 /pdogf

 Tutko R, Lozinskyi V. Oscillations of the Oil Pipeline Axis with Consideration of the Inertia Component When
Pumping Diesel Fuel. Energies. 2025. Vol. 18, Iss. 10. 2472. https:/ /doi.org /10.3390 /en18102472

e Tytko T. ®., TyTko P. A. BiuB CTaTUYHUX CUJI i IOYaTKOBUX YMOB Ha IIPOTMHU ra30NpOBOy IIPU
IIPOXOJKEHHI 04rcHOro nopiuHs. (2025) Ipukapnarcbkuii Bichuk HTIII. Yucio, 21(79). - C. 358-371.
https://doi.org/10.31471 /2304-7399-2025-21(79)-358-371

o Tytko P.A., Tumkis [I.0. BusHaueHHs BaCHUX QPYHKLi OOHOPITHUX PiBHSIHB IIPU PO3B’I3yBaHHI 3a1ay4 [1J1s1
HaTorazonposoiiB MmetofoMm Pyp’'e [MibkHapoHa HAyKOBO-TeXHIYHA KOHPepeHLis «I[Ipobaemu Ta
NePCIEeKTUBY TPAHCIIOPTYBAHHS Ta 36epiraHHs eHeproHociiB»], (IBaHo-OpaHkiBChbK - Spemye, 3-4 nunHg 2025
p.) / IOHTYHTI. - IBano-®pankiscbk: IODHTYHI'.-C.87-89. DOI: https: / /doi.org /10.31471 /pptzen2025.

HaykoBa (HayKOBO-TEeXHiYHa) IPOAYKILisi:



ConuiasIbHO-€KOHOMIYHA CIIPSIMOBaHICTh:

OxopoHHi gokymeHTH Ha OIIIB:

BrnpoBaakeHHS pe3yJIbTaTiB AHCEPTalii: BiposamkeHo

3B's130K 3 HAYKOBUMH T€MaMH:

VI. BizomocCTi Ipo HayKOBOr0 KePiBHHKA/KEPiBHHUKIB (KOHCYJIbTAaHTA)

Baacue IlpizBumie Im's Ilo-6aTbKOBI:
1. I'pyas Apocnas Bonogumuposud
2. Hrudz Yaroslav V

KBasigikamis: n. 1. 1., npodecop, 05.15.13
InenTudikarop ORCID ID: He 3acrocosyetscs
JoparkoBa indopmamist:

IloBHe HaliIMeHYBaHHS IOPUAHYHOL 0C00H: [Bano-PpaHKiBChKUII HAl[iOHATBHUI TEXHIYHMIA YHIBEPCUTET

Ha(TH i razy

Kopg 3a €IPIIOY: 02070855

Micue3Haxoa KeHHS: By. KapnaTchbka, [Bano-®pankiBebk, 76019, Vkpaina
dopma ByTacHOCTI:

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR: He zacrocosyerses

VII. BizomocTi npo odiliiHuX OTIOHEHTIB Ta pelleH3€eHTiB
OdiuiiiHi OTIOHEHTH
BaacHe IlpizBume Im'st I1o-6aTbKOBI:

1. IT'auuno fpocinas Janunosuy

2. Slpocnas [. IT'aHnno

KBasigikanis: g.1.1., c.h.c., 01.05.02
InenTudikarop ORCID ID: 0000-0002-5458-3526
JoparkoBa iHpopmamnist:

IloBHe HaliIMeHYBaHHS IOPUAHYHOL OCOOH: [HCTUTYT NPUKJIAJHUX IPO6GIEM MEXaHiKM i MaTeMaTUKM im. S

C. lligcrpuraya HanionanbHOI akageMii HayK YKpaiHu

Kopg 3a €IPIIOY: 03534430

Micue3HaxoaKeHHS: ByJ1. Haykoga, JIbBiB, 79060, YkpaiHa
dopma ByacHOCTI: [lepxasna

Cdepa ynpaBiiHHSA: HaujonasnbHa akajeMis HayK YKpaiHu



InenTudikarop ROR:

BiacHe IIpi3Bue Im'sa I1o-6aTbKOBI:
1. [I3106uk Jltonmuna BononumupisHa

2. Ludmyla V. Dzubyk

KBasigikanis: . . 1., gou., 05.02.02

InenTudikarop ORCID ID: 0000-0001-6942-9436

JopaTrkoBa inpopmanis:

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOHM: HaujonanbHuil yHiBepcuteT "JIbBiBCbKA MOTTITEXHIKA"
Kopg 3a €IPIIOY: 02071010

Micue3HaxoaKeHHS: ByJs1. Crennana banpepuy, JIbBiB, 79013, Ykpaina

dopma ByacHOCTI: [lepxasna

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBITH i HAayKu YKpaiHu

InenTudikarop ROR:

PeuenseHTu

BaacHe IlpizBume Im's I10-6aTbKOBI:
1. JlopomeHko flpocnas BacuiboBud

2. Yaroslav V. Doroshenko

KBasigikamis: n. 1. v., npodecop, 05.15.13

InenTudikarop ORCID ID: 0000-0002-5853-3286

JoparkoBa iHpopmanist: https://www.scopus.com/authid /detail.uri?authorld=57216755620

IloBHe HaliIMeHYBaHHS IOPUAHYHOL 0C00H: IBaHo-PpaHKiBCHKUII HAl[iOHATBHUI TEXHIYHMIT YHIBEPCUTET
Ha(TH i razy

Kopg 3a €IPIIOY: 02070855

Micue3HaxoaKeHHS: ByJ1. KapniaTceka, IBano-®paHkiBcek, 76019, Ykpaina
dopma BaacHOCTI:

Cdepa ynpaBitiHHS: MinictrepcTBo oCBiTH i HayKu YKpainu

InenTugikarop ROR: He zacrocosyerscs

BaacHe IlpizBume Im's I10-6aThKOBI:

1. Iupir Tapac IOpiftoBrny

2. Taras Y. Pyrih

KBasigikamis: . . u., gou,, 05.15.13
InenTudikarop ORCID ID: 0000-0002-5421-0260

JopaTrkoBa indpopmamnist:



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

Ha(TH i razy

Kopg, 3a €IPIIOY: 02070855

Micue3Haxoa KeHHS: sy/. Kapnarchbka, IBano-®pankischbk, 76019, Ykpaina

dopma BiracHoCTI:

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR: He zacrocosyerscs

VIII. 3aKkJII04Hi BiZoMOCTi
BsiacHe IIpi3Buie Im'sa ITo-6aTbKOBi
TOJIOBH paju

BaacHe IlpizBuiie Im's ITo-6aTbKOBI
rOJIOBYIOYOTO Ha 3acCiiaHHi
BignoBigasbHUMH 3a HiATOTOBKY

00JIiKOBUX JOKYMEHTIB

PeecTpartop

KepiBHuk Bigginy YKpIHTEI, mpo €
BiZINIOBiZaJIbHUM 32 pEeECTpallil0o HAyKOBOIi

OisIJIBHOCTI

3anyxsak Bacuib borpanosuy

SanyxJisik Bacuib bormanosuy

Slmepiuuna Hartanig IBaniBHa

Opuenko TersiHa AHaToJIiBHA

Opuenko Tetsana AHaTosiiBHa



