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1. BonoBeupkuii B.5. Po3po6sieHHst MeTO/iB i 3aX0/iB MiABUILEHHS IipaBiivHoi e(peKTUBHOCTI TPyOOIIpOBO/iB
CHCTEM 30MpaHHs ra3y BUCHaKEHUX pojoBulll. — Keasigikanilfina HayKoBa Ipalisi Ha paBax pykonucy. Jlucepranis
Ha 37106y TTS HAYKOBOT'O CTyIeHs nokTopa (dpinocodii 3a cnenianpHicTio 185 — Hadrorazosa imxkeHepis Ta TeXHOJOTII
(18 -~ Bupo6HMLITBO Ta TexHoJIorii). — IBaHO-®paHKiBChbKUI HalliOHATILHUI TeXHIUHMI yHIBepcuTeT HaQTH i rasy,
IBaHo-®paHKiBChK, 2023. [y nigBuileHHs KoedillieHTa rifpasiiyHoi epeKTUBHOCTI TPyOOIIPOBOiB CUCTEMU
30MpaHHS Ta MiATOTOBJISIHHA ra3dy Tpeba po3poOdUTH 3aX0U 3 BUAAJTIEHHS PiIMHHUX 3a0pyIHEHD 3 BHYTPilIHbOI
MIOPO>KHMHU 171eH(iB Ta MIKIIPOMHUCJIOBUX ra3onpoBoiB. Pesynpratn computational fluid dynamics (CFD)

MOZIeJIIOBaHHS [T0Ka3aJIy, 1[0 HAKOIUYEHHS! PiTUHHUX 3a0pYyJHEHDb B [IOHKEHUX [iJITHKaX ra30IpoBO/IiB



BIJIUBAIOTh Ha Fa30iMHAMIYHi IPOLeCH i TPU3BOASATH 4O BTPAT TUCKY NTOHAT, 3HAYE€HHS, lepeadadeHe
TEXHOJIOTIYHUM PEXNMOM. PO3p06sieHO METOIMKY CTBOPEHHSI LITYYHOI HEIPOHHOI Mepexi, SIKa € IPOrpaMHUM
IIPOJYKTOM i3 po3paxoBaHUMHU B cepenosuili MATLAB BaroBumu KoediljieHTaMy Ta MOKJIMBICTIO afarnTaliii
3anponoHOBaHO METOZ, MiIBULIYBaHHSI ripaBidHOi €(PeKTUBHOCTI TPyOOIIPOBOiB CUCTEMU 30MPAHHS Ta
[iATOTOBJISIHHS ra3y BUKOPHUCTOBYBAHHSIM PO3YMHY 10BEPXHEBO-aKTUBHUX peyoBuH (ITAP), po3pobiieHO KOMILIeKC
aBTOMAaTH30BAHOTO MOaBaHHs MOT0 y CBEPAJIOBUHY Ta/ab0 Huleid 1711 NepiofuyHOro BUNAISHHS PiTUHHAX
3a6pygHEeHb. 3aIPONOHOBAHO CIOCIO PYHHYBaHHS IIiHM B ra30PiIMHHOMY IIOTOL, 110 JACTh 3MOT'y MiHIMi3yBaTH
HeraTUBHUM BIUIMB Ha cenapaujiiiHe ob6ianHanHs. Lleil cnioci6 nepenbdadyae o61amTyBaHHS TEXHOJIOTIYHOI CXeMU IJ1s1
[I0/IaBaHHS1 CTabiIbHOTO BYIJIEBOJAHEBOTO KOHMIEHCATY B [a30PiIMHHUI NOTIK, 110 HAAXOAUTD Y CENapaTopu
[IEPLIOTO CTYIIEHA Cemnapalii IK OCHOBHOI JiHii, Tak i BUMipIOBasibHOI. MOIEII0OBaHHS Ta30AMHAMIYHUX MIPOLIECIB IIif,
4yac pyiHHYBaHHS IiHA PO3PO6JIEHUM CIIOCOOOM 14710 3MOT'y BCTAHOBUTHU XapaKTePHi TapaMeTpu Npolecy i ixHii
BILIUB Ha epeKTUBHICTh. PO3po6sieHo nMpucTpiii nsist ctBoproBaHHs niHu. Ha ocHoBi CFD MonentoBaHHSI pOGOTH
MIPUCTPOIO JIs CTBOPIOBAHHS MiHU Ta OCBOIOBAHHS CBEP/IJIOBUH BCTAHOBJIEHO, 1110 MacOBa BUTPaTa BOJAHOTO
PO34MHY Ha BXO[Ii B IPUCTPill Ma€ 3HAYHUM BIJIMB HA SIKiCTb IIiHU. EKCIIEPMMEHTAJIBHO TOCIIIIKEHO 3aJI€XKHICTh
OYMIIAHHS BHYTPILIHbOI IOPOXHUHYU TPyOOIIPOBOLY Bin 06'eMHOI BUTpaTtu razy. KopensmiiiHum aHaai3oM OTpUMaHo
3aJIEXKHOCTI MK KPaTHICTIO MiHK, 06’€MHOIO0 BUTPATOIO [1I0TOKY Ta FEOMETPi€l0 TPYyOOIIpOBOAY, 110 JAJI0 MOXKJIUBICTD
BCTQHOBUTH €(PEKTUBHICTb OUMIIAHHS 3@ Pi3HMX YMOB. JJOCiI)KE€HO €(PEKTUBHICTb €KCIIyaTyBaHHS CBEPJJIOBUH 32
YCKJIa[JHEHUX YMOB. [IpoaHasnizoBaHo eKcITyaTaliliHi IapaMeTpy BOCbMU ra30KOHI€HCATHUX CBepAJI0BUH 50, 58,
63, 65, 66, 68, 73, 83 KOniiBcbkoro HadTorazokoHgeHcatHoro poposuuia (HI'KP). EkciepuMeHTanbHO BUBHAYEHO
eeKTUBHICTb 3aCTOCYBaHHS po34uHY ITAP Ta nocsarayTo 36inbueHHs BUgo6yTKy Ha 10 %. IIpoBeneHo mociigHo-
IIPOMUCJIOB] BUITPOOYBAHHSI OCBOIOBAHHSI JBOX CBEPJJIOBUH 566 Ta 126 Ille6e1MHChKOr0 ra30KOHAEHCATHOTO
ponposumia (I'KP) i3 BUKOpHCTOBYBaHHSIM IIiHU. YHACIIOK TPOBEJeHNX POOIT i3 0CBOIOBAHHSI BUIajIeHO PifuHY i3
CBEP/IJIOBUH 32 JOIIOMOIOI0 HarHiTaHHS BUOyx006e311eyHoi ra30Boi cyMilli Ta niHu. Pe3yabTaTy BUMipIOBaHHS
BHJ00YBHUX MOJKJIMBOCTEN CBEPJIJIOBUH CBiiuaTh PO 30iblIeHHs Ae6iTy razy. EKcriepuMeHTaIbHO JOCHiIKEHO
IiHHE OYMIIAHHS BHYTPIlIHbOI IOPOXKHMHY 11eH(iB i3 BUKOPUCTAHHSIM ITiHM KpaTHicTio Bif 40 1o 100. 3a
pesyJbTaTaMu IPOMUCIIOBUX JIOCTIIKeHb ounlaHHs miendis ceepasiosuH 85 ta 60 KOmiiscbkoro HI'KP Bif,
HAKOIWYE€HHS PiAVHY 30i/bIINIKCS iXHi KoeillieHTH rigpaBiaiyHoi e(peKTUBHOCTI Ha BEJIMYMUHY Bif 7 % 1o 12 %.
Y3KUTi 3aX04M 3 OYMILAHHS BHYTPIIIHLOI IOPO>KHYHY ra30IIPOBOIIB Bill PiIMHU 3aCBiUNIIN CBOIO €(DEKTUBHICTE.
[TpoBeneHO eKCriepUMEHTAaJIbHI AOCTiIpKeHHS ePeKTUBHOCTI OYMINAHHS BHYTPIIIHBOI IIOPOXXHUHI
MIKXIIPOMUCIIOBUX razonpoBois FOiiBCcbKoro 1exy 3 Buno6ysanHs HadTy, razy ta kouaeHcary (LUBHI'K) pisnumu
METOZAMU. YCTAHOBJIEHO, 1110 BHACJIIOK OYMIIAHHA BHYTPIIIHBOI IOPOKHUHU MIKIIPOMUCIIOBUX ra30NPOBOIiB
nosaBaHHAM po34uHy ITAP orprmMano 36inbueHHs KoedinienTa rinpassiyHoi edexTuBHOCTI HA 2 % 04,5 %,
CTBOPEHH$ WIBUIKICHOTO ra30BOro MOTOKY Ha 4 % 07 %, a TaKOX 3a [IeBHUX YMOB Ha 8 % 010 % Ta nonaz,. [IpoBeneHo
IOCJIiIHO-ITPOMUCIIOBE BUIIPOOYBAHHS 1I0[J0 BU3HAYEHHS €(PEeKTUBHOCT] OUMIIAHHS BHYTPIilIHbOI IOPOKHMUHA
MDKIIPOMUCIIOBUX Ia30MPOBOJIB [TIHAMY Pi3HOI KPATHOCTI, 110 [AJI0 3MOT'y OTPUMATY ITIO3UTUBHI PE3YyJIbTaTHU.
YCTaHOBIIEHO, 110 BHACJIIIOK OYMIIAHHS BHYTPIIHBOI NIOPOXHMHU MIKIIPOMUCIIOBUX ra30MPOBOIiB MiIHAMU
KpaTHicTio Big 80 no 90 oTpumaHo 36inbiieHHs KoedillieHTa rinpasiiyHoi epexTuBHocTi Ha 10,5 %, a miHamMu
KpaTHicTio Bif 50 10 60 - Ha 5,7 %. Kito4oBi ciioBa: ra3oBa guHamika, ra3opiluHHUN NOTIK /cymill, ne6iT rasy
CBEp[IJIOBUH, 3aBeplluajibHa CTaZis po3pO0JISIHHS Tra30KOHIEHCATHUX POIOBuIL, KoedillieHT rinpasiivHOro omnopy,
MOJIeJIIOBaHHS, HAaKOIIMYEeHHS PilMHY, OYMILAHHS BHYTPIlIHbOI IOPOXKHUHU TPYOOIIPOBOAY /Ta30IIPOBOY,
[IOBEPXHEBO-aKTUBHI pEYOBUHHU, NPUBUOiliHA 30HA 1J1aCTa, IPOIyCKajbHA 34ATHICTh TPYOOIIPOBOLLY, PESKUM

€KCIJIyaTyBaHH, BI/I,I[O6YB8HHH, TPaHCIIOPTYBaHHA, I_IIBI/I,ILKiCTb.

2. Volovetskyi V.B. Development of methods and measures to improve the hydraulic efficiency of pipelines of gas
collection systems from depleted fields. - Manuscript. The dissertation for a Degree of Doctor of Philosophy (PhD)
by specialty 185. - Oil and Gas Engineering and Technology (18 - Production and technologies). - Ivano-Frankivsk
National Technical University of Oil and Gas, Ivano-Frankivsk, 2023. In order to increase the coefficient of
hydraulic efficiency of the pipelines of the gas collection and preparation system, it is necessary to make decisions



regarding the use of measures to clean them from liquid contamination of flowlines and gas gathering pipelines.
The results of computational fluid dynamics (CFD) modeling showed that the accumulation of liquid contaminants
in the lower sections of gas pipelines affects gas-dynamic processes and leads to pressure losses exceeding the
value provided by the operating practices. A technique for creating an artificial neural network has been
developed, which is a software product with weighting coefficients calculated using the MATLAB platform and the
possibility of adapting the parameters of the specified network according to updated and supplemented input data
during its operation. A method of foam destruction in the gas-liquid flow is proposed, which will make it possible
to minimize the negative impact on the separation equipment. This method involves the arrangement of a process
flow scheme for supplying stable hydrocarbon condensate to the gas-liquid flow entering the separators of the
first stage of separation, both the main line and the measuring line. Modeling of gas-dynamic processes during
foam destruction by the developed method made it possible to establish the characteristic parameters of the
process and their influence on efficiency. A foam generator for developing wells with foam has been developed. By
using CFD modeling of the foam generator operation for the development of wells with foam, it was established
that the mass flow rate of the aqueous solution at the entrance to the device has a significant effect on the quality
of the foam. The dependence of the cleaning of the internal cavity of the pipeline on the volume flow of gas was
experimentally investigated. By using the correlation analysis the dependences between the multiplicity of foam,
volumetric flow rate and pipeline geometry were obtained, which made it possible to establish the efficiency of
cleaning under different conditions. The effectiveness of well operation under severe conditions was investigated.
The operational parameters of the gas condensate wells 50, 58, 63, 65, 66, 68, 73, 83 of the Yuliivske oil and gas
condensate field (OGCF) were analyzed. The efficiency of using a solution of surface-active substances
(surfactants) was experimentally determined and a positive result was achieved in the form of an increase in
production by 10 %. Experimental and industrial tests of development of wells 566 and 126 of the Shebelynske gas
condensate field (GCF) using foam were carried out. As a result of the development work, liquid was removed from
the wells by injection of an explosion-proof gas mixture and foam. Foam cleaning of the inner cavity of flowlines
using foam with a multiplicity of 40 to 100 was experimentally investigated. According to the results of industrial
research on the cleaning of well flowlines of the Yuliivske OGCF from liquid accumulation, the coefficients of their
hydraulic efficiency increased from 7 % to 12 %. Experimental studies of the effectiveness of cleaning the internal
cavity of the gas gathering pipelines of the Yuliivskyi oil and gas condensate production facility (OGCPF) by using
various methods were carried out. It was established that the cleaning of the internal cavity of the gas gathering
pipelines by supplying a surfactant solution leads to an increase in the coefficient of hydraulic efficiency by 2 % o
4,5 %, the creation of a high-speed gas flow by 4 % o 7 %, and under certain conditions by 8 - 10 % and more. An
experimental and industrial tests were conducted to determine the effectiveness of cleaning the internal cavity of
gas gathering pipelines with foams of different multiplicity, which gave positive results. It was determined that
after cleaning the internal cavity of gas gathering pipelines with foams with a multiplicity of 80 to 90 we obtained
an increase in the coefficient of hydraulic efficiency by 10.5%, and with foams with a multiplicity of 50 to 60 by
5.7%. Key words: gas dynamics, liquid-gas flow /mixture, well gas flow rate, final stage of development of gas-
condensate fields, hydraulic resistance coefficient, modeling, fluid accumulation, cleaning inner cavity of

pipeline /gas pipeline, surface active agents, bottomhole formation zone, pipeline capacity, operation mode,
production, transportation, speed
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