HAD®TOI'A3OBA CIIPABA 439

VJIK 622.691.4
DOI: 10.31471/2304-7399-2025-21(79)-439-446

OLIHKA ITAPAMETPIB APEAJLY 3ATA30BAHOCTI IPYHTY
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Y ecmammi posenanymo npobnemy agapilinux 6umoxie npupooHo2o 2a-
3y 3 mpybonpoeoois, CNpudUHeHUX KOPO3IUHUM PYUHYBAHHAM CMIHOK, a ma-
Kooic iXHIl 6n1U8 Ha 006K, [lokasano, wjo nio 4ac ymeopenHs umoxy 2a3
Haoxooums y IpyHmoee cepedosuuje, hopmyouu 301y 3a2a308aHOCmi, AKA
nOCMYNo80 NOWUPIOEMbCA 00 NOBEPXHI Ma NpU3800ums 00 3a0pyOHeHHs
ammocghepu. Posmipu ma ounamira yiei 30nu 3anedxcams 6i0 iHMeEHCUBHOC-
mi 8UMoKYy, 2IUOUHU 3a182aHH MPYOONPO8oOdy ma 61acmMu8ocmel IpyHmy,
Hacamnepeo 1020 NPOHUKHOCMI ma onopy pyxy 2a3y 8 Hopo8omy npoCcmopi.
Lle cmeoproe cknaoHuil 83aEmM038’°130K MidC npoyecamu UMIKAHHA ma 3a-
KOHOMIpHOCMAMU (hinbmpayii.

Oxpim empam 2aszy, wo CNPUYUHAIOMb eKOHOMIYHI 30UMKU, BUMOKU
nO2IpuLyoms eKOI02IUHULL CIAH TPYHMIE i CMBOpIIms 8UOYXOHeOe3NneyHi
YMO8U 3a niosuweHuUx KoHyeumpayit memany. Ilpoananizosano nonepeoni
00CNiOIHCEHHS, NPUCBAUEH] OIAcHOCMUYT 6UMOKIG 30 MeMNePAMyPHUMU AHO-
MAnisAMU, 8UBHAYEHHIO QIIbMPayitiHux eracmueocmell IPYHmMie i mMooento-
8anHI0 HecmayionapHoi ¢inempayii. Boonouac nazonoweno, wo Komniexc-
Hi pobomu, AKI 0OHOYACHO 8PAXO08YIOMb NPOYec BUX00Y a3y mda PO36UMOK
30HU 3a0PYOHEHHS, NPAKMUYHO 8IOCYMHI.

Y cmammi euxkonano ananimuynuti onuc 6UMIKaHHs 2a3y 4epe3 Kopo-
BiUHUL DegheKm ma 3M00eNbOBAHO Npoyec HopmMyBarHs apeany 3a2a308aHOC-
mi. 3anponoHoeana mamemamuyHa mMooenb 0de 3MO2y GUIHAYUMU 4aC NPO-
X00JiCeHHs1 2a3y 00 NOBepXHi, 00csae 3a0pYOHEeHOT 30HU Ma BeUYUHY 8MPAm.
Okpema yeaza npuodinena 080¢haznomy xapakmepy npoyecy — nepiooy npopu-
8y 2a3y HA NOBEPXHIO MA NOOAILULOMY CMAYIOHAPHOMY pexcumy inompayii.

Ompumani pesyromamu Mo*Cyms OYmu UKOPUCMAHI OJisl OYIHIOBAHHS
MEeXHIYHO20 CIMAHY 2a30NPOB00I8, NPOSHO3YBAHHS HACIIOKI8 A8apill, YOOCKO-
HANleHHsl CUCeM MOHIMOPUH2Y 8UMOKI8 [ NIOBUWEHHS eKON02IYHOI be3neKu
2a30P03N00ITLHUX MEPEC.

Knrowuosi cnosa: cazonposio, eumik easy, koposis, ginempayis, apean
3a2azoeanocmi, Mmamemamuine MoOen08aHH .

Beryn
ABapiifHi BUTOKH ra3y 3 ra30IlpoBOJIiB Fa30BUX MEPEXK depe3 KOpo3iii-
Hi TOLIKOJDKEHHSA CTIHOK TpyO NOMNaAaloTh B HABKOJMIIHE CEPEIOBHIIE,
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SKUM HaiuacTile sBISE€ThCS IPYHT, YTBOPIOIOUM apeajl 3ara3oBaHOCTi, 1 B
MOJIAIBIIIOMY JOCATAIOTh TOBEPXHi, 3a0pyaHIOI0UN aTMochepy.

OueBuaHO, 110 B 3aJICKHOCTI BiJl BEIMYMHHU BUTOKY, OT'0 IHTEHCHBHO-
CTi Ta MITMOWHM 3aJIATaHHS Ta30MPOBOAY 3aJICKUTH MPOIEC Ta TePMiH Pop-
MYBaHHS 30HH 3ara3oBaHOCTi. 3 iHIIOrO OOKY, (pimbTpaliiiHuii omip IPyHTY
SK TIOPUCTOTO CEepelOBHINA, 30KpeMa HOro MPOHUKHICTh, MAlOTh CYTTEBUMN
BIUIMB Ha BEJIMYUHY BUTOKY Ta3zy uepe3 Kopo3iitHuii oTBip. Tomy icHye meB-
HUM B3a€EMO3B’ 130K MK BEJTMYMHOIO BTPAT Ta3y, MOB’sI3aHUX 3 KOPO3IHHUMU
BUTOKAaMH, Ta 3aKOHOMIPHOCTSMHU HOTO (iIbTpalii B HABKOJUIIHEOMY IPYH-
i [1, 2].

AHaJTI3 Cy4YacHUX 3aKOPAOHHUX i BITYM3HAHUX JOCTIIKEHb
Ta nyoJikani

[Tpobnemartuii BUTIKAHHS ra3y 3 ra3oMpoOBOJIB MPUCBAYEHI mpaui M.
I. Tonuapyk, M. /1. Cepemtok [1], y IKHX 1MOJJaHO METOJIUKU BU3HAYCHHS 00-
CSTiB BTpAT rasy Iij yac BUTIKAHHS, IPOBEACHO iX OI[IHKY MPH TPAHCIIOPTY-
BaHHI, @ TAaKOX 3alPONOHOBAHO METOJM JIarHOCTYBAaHHS MICIb ITOIIIKO-
JDKEHb. 3aKOHOMIPHOCTI (inbTpaii razy B MOPUCTOMY CEPEeIOBHILI JTOKIJIAM-
HO po3msiHyTO B podoTax J. R. Jayarathne, R. N. Kolodziej [5] Ta iHmmx
YUEHHX, JIe HaBEJCHO 3aJISKHOCTI MBUIAKOCTI (QUIbTpaLii Big po3MmoaLTy TH-
CKIB 1 XapaKTEPUCTHUK ITOPOBOTO MPOCTOPY IPYHTY Ta SIKI OJTHOYACHO OIHCY-
IOTh MIPOIIECH BUTIKAHHSA a3y 3 TpyOOrpoBoay Ta (OpMyBaHHs apeany 3a-
OpyAHEHHS IPYHTY, Ha CbOTOJIHI B JIITEpaTypi MPAKTHYHO BiJICYTHI.

BucBiT/IeHHs1 HeBHpPIlIEHUX pPaHille YaCTHH 3arajibHoOI MpolJjeMu

HesBaxaroun Ha 3HaYHYy KUIBKICTh JTOCHIIKEHb, BIACYTHI pOOOTH MpH-
CBSIYEHI JIIarHOCTHUIII BUTOKIB ra3y Ha OCHOBI 3HWXEHHS TeMIIEpaTypH IPyH-
Ty, BU3HAYEHHIO HOTO (PUIBTPALIMHIX XapaKTEPUCTUK VIS PI3HUX THIIIB TI0-
piz, a TakoXX MOJITIOBAaHHIO HECTALlIOHAPHUX MpoLeciB (iabTpalii B yMOBax
JOCSITHEHHS TMOBEPXHI 3eMJIi. 3a3HAYA€ThCA, 110 OJHIEI0 3 TOJOBHUX TPY/I-
HOIIIIB IiJ] 9aC TaKUX JOCTIIKEeHb € HEeBU3HAYCHICTh TUIOIII Mepepizy KOpo-
31HOTO TOMIKO/KEHHS TPYyOOTIPOBOY Ta ii 3MiHA 3 4acoM.

MeTta Ta 3aBIaHH$ A0CTi/KeHb

Meto1o poOOTH € aHAITHYHE JOCIIIKEHHS MPOLECy BUTIKaHHS MpH-
POIIHOTO ra3y 3 ra3omnpoBOJy 4epe3 KOPO3iifHI MOIIKOHKEHHSI Ta MOJAEIIO-
BaHHS (POpPMYBaHHS apeaiy 3ara3oBaHOCTI IPYHTY 3 ypaxXyBaHHAM (QiIbTpa-
IIMHUX BJIACTUBOCTEH MOPUCTOTO CEPEIOBHIIIA.

Bynemo BBaxkaTu, 1110 Ha 3HAYHIH Bifaami BiJ JKepeia B IPYHTI IIBU-
KOCTI PyXy CepeIOBHUIIA BiJICYTHI.

[Tpunyctumo, mo mo mouatky nii mkepena (t=0) cucrema 3Haxo-
JUTHCS B CIIOKOI 1 TUCK TIOBITPS Y BCIX TOYKAaX IJIOMIMHKM BHACTIOK HE3HAY-
HO1 IMTMOMHY 3anaraHHs OyB aTMOC()epHUM

MaremaTyHa MOJIENTb PEANTI3yETHCSI METOJIOM IHTETPATbHUX MEPETBOPEHb.

Jlnst po3B'sI3Ky 3ajadi BUKOPUCTOBYEMO CHHYC-TIepeTBOpeHHsT Dyp'e
1o 3MiHHIN Y 1 neperBopeHHs Jlamaca o yacy t
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3actocoByemo nieperBopenHs (1) mo 3amaqi (2), i orpumyemo (3)
W _ (aZV:/ —/IZ\N} &qsin iy, 5(x—x,), (3)
ot 0
W (x,4,0)=0.
Jo 3amaudi (2), (3) 3acTocoByeMo nepeTBopeHHs Jlammaca
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SW =& —sm A . 4
( ” ] 5 SinA Yo olx=x,) @
dW (S+&i?)\— g .
- ==sindy, o(X—=X,). 5
dxz(ae)wsyo(o) (5)

Heonnopinue piBHsHHS (5) po3B's3yeEMO METOJOM Bapialii JOBUIBHHX
3MiHHUX. PO3B'SI30K OJHOPIAHOTO PiBHSHHSA, L0 BiANOBiAae piBHAHHIO (6),

Mae€ BUTIISIA
S+’ y ~ S+’ <
W=Ce' ®* +Ce' & . (6)
S+alt
ITo3gaunmo o = .
®

Bemuuunn C, 1 C,, 1m0 BIANOBIIAIOTH PO3B'SI3KY HEOAHOPIIHOTO PiB-
HsiHHSA (7), 3HAXOAMMO 13 TaKOi CUCTEMH PiBHSHB

Ce“*+Cle** =0, @)
Cle”* —Cle ™" :%sin Yy S(X=X,).

I3 piBHsHB (7) OTpUMyEMO

c'= sinay, s(x—x,), (8)
2Sa
1A g —a X
C/ = sin A e §x X B..
Ty on o)
3 OCTAHHLOT' O plBHHHH}I MaeEMO
qsin Ay, .y
C=——2e"""0(x—Xx,)+B.,. 9
1= e (x—=%;)+B, 9)

B (9) 6(x—X,) € dynxuiero Xesicaiiza.

Axmo BepxHe piBHAHHSA (8) MTOMHOXUTH Ha ¢ 1 Bij] MEPIIOTO PiBHSH-
HS BIAHATH JIpYTE, TO OACPKUMO
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Puc. 1. Pe3ynpTaTi MaTeMaTUYHOTO MOJICIIOBAHHS IMOJISI IIBUAKOCTEH
GbimpTparllii mpu MosiBl BUTOKY 3 Ta30ITPOBOTY

Ha ocHOBI pe3ynbTaTiB AOCTIKEHB 3 YpaxyBaHHIM pealtizaiii 3ampo-
MMOHOBAHOT MaTeMaTUYHOI MojeNi MoOymoBaHO Tpadiku, sKi 0OMEXYHTb
TpaHUIll apeary 3ara3oBaHOCTI JuIst Tiepiioi i Ipyroi ¢a3 mporecy HecTallio-
HapHOI (inpTparii razy. Bkazani rpadiku st HaMPsSIMKY B370BXK 1 TTOTIEPEK
TpyOOINpPOBOy IPUBEACHI HA pPHC. 2.

Puc. 2. 3naueHHs sKi 0OMEXYIOTh TPAHHMII apeary 3ara3oBaHOCTI IS
nepiroi i Ipyroi (a3 mpoiiecy HecTarioHapHOT GUIBTpaIlii ra3y

AHaui3 pe3yibTaTiB MOKa3ye, M0 HaAWOUIbIIM 00°€M apeal 3ara3oBa-
HOCTI TPYHTYy 3aliMae Ha KiHellb repiioi ¢a3u HecTamioHapHOI (GiabTpariii
ra3y B IpyHTI. lle MOsSCHIOEThCS HAsIBHICTIO MEBHOTO (DiIbTpAIiifHOTO Omopy
TPYHTY B TI€pioJ AOCATHEHHS Ta30M IOBEPXHI IPYHTY. 3 HAOIMIKEHHSAM 0
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MOBEPXHI BEeIMYMHA (PUIBTPALIHHOTO OMOPY 3MEHIIYETHCS, 110 MPU3BOIUTD
JI0 3pOCTaHHsI IOBEPXHI apealy 3ara30BaHOCTI.

BucHoBku

1. Apean 3ara3oBaHOCTI IPYHTY BUTOKaMH Ta3y 3 Ta30IIPOBOY HA TJINOH-
Hax, ONMM3BKUX JI0 TPYOONPOBO/TY, 3aiiMae MOBEPXHIO, CIIBPO3MIPHY 3 po3Mipa-
MU TpaHiiei. 3 HaOMKEHHSIM 10 TIOBEpPXHi TpyOompoBoy (hopma apeaty 3ara-
30BAHOCTI HaOMIKAETHCS 70 €iIca, BeJIMKa BICh SKOTO CIPSMOBaHA B3IOBXK
ocl TpyOOIIpoOBOTY, a IJIoNIa CKiIagae 0am3bKo. [1icist mocsIrTHeHHs Ta30M TIOBe-
PXHI IpyHTY (QUIBTpaLiiiHUI OMip Pi3KO 3MEHIIYETHCS, 1110 MPU3BOJUTH JI0 3PO-
CTaHHsI IIBUIKOCTI MEpPEXoay Tazy 3 IPyHTY B aTtmocdepy, BHACTITOK YOTO
TUTOIA TIOBEPXHI 3ara30BaHOCTI MOBHHHA 3MEHIIUTHUCS, a BIIIOBIIHO JIO TIPHH-
LUy HEPO3PUBHOCTI, IBUKICTh BUXO/Y Ta3y B aTMoc(hepy — 3pOocTae.
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ASSESSMENT OF PARAMETERS OF THE AREA OF GAS
CONTAMINATION OF THE SOIL DURING EMERGENCY GAS
LEAKS FROM GAS PIPELINES

R. B. Stasyuk =, O. |. Beley
Ivano-Frankivsk National Technical University of Oil and Gas;
76019, lvano-Frankivsk, 15 Karpatska Street;
tel. +38 (0342) 72-71-38; e-mail: roman.stasiuk@nung.edu.ua

The article examines the issue of emergency natural gas leaks from
pipelines caused by corrosion-induced damage to pipe walls, as well as their
impact on the environment. It is shown that when a leak occurs, gas pene-
trates the soil, forming a gas-saturated zone that gradually spreads toward
the surface and contaminates the atmosphere. The size and dynamics of this
zone depend on the leak intensity, the depth of the pipeline, and the soil’s
filtration properties — particularly its permeability and resistance to gas mi-
gration in pore spaces. This creates a complex relationship between leakage
processes and gas filtration patterns.

In addition to gas losses that result in economic damage, leaks de-
grade soil quality and create explosive hazards once methane concentra-
tions reach critical levels. The article reviews existing studies on leak detec-
tion using soil temperature anomalies, determination of soil filtration char-
acteristics, and modeling of unsteady gas filtration. At the same time, it is
noted that there is a lack of comprehensive research combining the analysis
of gas outflow from a pipeline with the formation of a contamination zone.

Analytical investigations of gas escape through a corrosion defect
were carried out, and the formation of a gas-saturated soil area was mod-
eled. A mathematical model is proposed that makes it possible to determine
the time required for gas to reach the surface, the volume of the contami-
nated zone, and the magnitude of gas losses. Particular attention is given to
the two-phase nature of the process — the initial breakthrough of gas to the
surface and the subsequent steady-state filtration stage.

The findings can be applied to assessing pipeline integrity, predicting
consequences of emergency situations, developing leak monitoring systems,
and improving environmental safety measures in gas distribution networks.

Keywords: gas pipeline, gas leakage, corrosion, filtration, area of
gasification, mathematical modeling.
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