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Tlobyoosano 06oMipHy mamemamuuny Mooelb HeCmMayloHapHol inempayii eazy 6 nopucmomy cepeoosuuyi
(TpyHmMi), BUKIUKAHY NOSBOI0 MOYKOB020 BUMOKY 3 2A30NPO600Y, KU IMIMYEmbcst 3a donomozoio yuxyii Hdipaxa.
Mamemamuuna modenv bazyemvcsi Ha pieHauni ginempayii Japci i piensnni HepospusHocmi nomoky. Pospobneno
aneopumm peanizayii MamemamuyHoi MoOei i 00epHCAHO YUCA08L PO38 A3KU 05 pisHux ymos. IIposedeno ananis
00ePIICaHUX Po36 SI3KI6, 34 AKUMU 6CIAHOBICHO 3aKOHOMIpHOCMI npoyecy girempayii 2azy 6 tpyumi. 3oxkpema, oa-
Ha OYIHKA MpUeaiocmi npoyecy 00 00CASHEHHs 2a30M NOBEPXHI IPYHMY | 6eIUUHU apedlly 3A2a308AHOCTI IPYHIY
npu Yybomy.

KurouoBi croa: QinbTparis, BUTIK rasy, apeal 3ara3oBaHoCTi.

TIocmpoena 08yxmepnas mamemamuieckds MoOelb HeCMAYUOHAPHOU uibmpayuu 2a3a 6 nopucmoi cpeoe
(nouge), 6bI36aHHAS NOSAGIEHUEM TMOYESHUHOU YMEUKU U3 2A30NP0600d, KOMOPHILL UMUMUPYEMCS C HOMOWbIO (QYHKYUU
Hupaxa. Mamemamuyeckas mooenv basupyemcs na ypasuenuu guivmpayuu Japcu u ypasHenuu Hepaspbi6HOCU
nomoka. Paspaboman aneopumm peanuzayuu mamemamuieckol MoOeau U nojayyeHbl YUCIeHHble peulenusi Oisl pas-
JUuHbIX yeaosuil. [Ipoeeden ananu3 noayyenHvlx peuleHutl, no KOMopviM YCMAaHOBIeHbl 3aKOHOMEPHOCU npoyecca
Qurbmpayuu 2asa 6 noyge. B uacmnocmu, 0ana oyenka OnUMeIbHOCMU NPoYecca K MOMEHMY OOCMUNCEHUST 2A30M
N0BEPXHOCMU NOYBbL U EUYUHDBL aApeaa 3a2a3uUpo8aHHOCHU NOY8bL NPU IMOM.

KunroueBble cioBa: (unpTpanys, yreuka rasa, apeai 3ara3upoBaHHOCTH.

The article deals with the two-dimensional mathematical model of non-stationary gas filtration in porous envi-
ronment (ground) caused by the gas pipeline pinhole leakage which is simulated by Dirac function. The mathemati-
cal model is based on Darcy’s equation and flow continuity equation. The algorithm of the mathematical model im-
plementation is developed. The computational solutions for different conditions are obtained. The author analyses
the achieved solutions, which show common factors of the underground gas filtration process. The duration of the
process of gas reaching the ground surface and the concurrent area of the underground gas contamination are de-

scribed.

Keywords: filtration, gas leakage, area of gas contamination.

AxTyanabHicTs npodaemu. B razonposoni 3
TPUBAIMM TEPMIHOM EKCILIyaTallii y pasi MOMIKO-
JDKEHHS 130JIAIHHOrO TIOKPHUTTS. BHACHIIOK KOPO-
31IHHUX MPOIIECIB MOXKYTh YTBOPIOBATUCS HACKPI3HI
OTBOpH (CBHII), KPi3b SIKI ra3 BUTIKA€ B JIOBKULIA.
SKI0 B Ta30mpoBOJI a3 3HAXOAUTHCS I BUCO-
KUM THUCKOM, TO BUHUKHEHHS CBUINA Oy/ie HEB/IOB-
31 3adikcoBaHEe 3a XapaKTCPHUM 3BYKOM 1 BHUKH-
JIAHHSM TPYHTY Ta30BOK CTpyMHHOW. Jlis ra3o-
BUX MEPEX XapaKTepHi HEBHCOKI THCKH B Tpy0o-
MPOBOJI, TOMy BUHUKHEHHSI CBHINA MOXE HE MpH-
BEPHYTH YBaru, i BUTIKAHHS MOXE iICHYBaTH IIPO-
TATOM 3HAYHOIO NPOMDKKY 4Yacy. Lle npussonuth
JI0 3HAYHMX BTPAT rasy i BUHUKHCHHs BUOYXOHe-
Oe3revHol cuTyartii.

AHani3 Jitepatypuux Jxepes. Jlocmimken-
HSl BHTIKaHHS Tra3zy 3 Tra3onpoBONYy MPHCBIUCHO
poboram Kammos U.U. [2], lepbakos C.I'. [5],
SxosneBa E.W. [6], B SKUX MPHUBENEHO METOAUKY
BH3HAYEHHS BTPATH ra3y MpH BUTIKaHHI, JAHO OIli-
HKY BTPAT rasy IIpU TPaHCHOPTYBaHHi, 3arporo-
HOBaHO METOJIM [ilarHOCTYBaHHs BUTOKIB. 3aKOHO-
MipHOCTI QimpTpanii razy B MOPHCTOMY CeEpeio-
BUIII BHCBITIIeHO B mpaisix bysmnoBa C.H. [1],
Jlesukuna E.B. [3], Xelina AJL. [4] Ta in. [Ipuse-
JICH1 3aJIGKHOCTI MBUAKOCTI (inmbTpamii Bix po3-
MOJIITy THUCKIB Ta XapaKTEPUCTUKU MOPHUCTOTrO Ce-
penoBuiia. OQHAK, CyMICHI JOCHIIKSHHSI POLIECIB
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BUTIKaHHs rasy 3 TpybompoBoay i ¢opmyBaHHs
IpH LbOMY apeaity 3a0py/IHEHHS IPYHTY B JliTepa-
Typi BiICYTHI.

MeTto10 f0cCaiTKeHHsI € POBEICHHS aHalli-
TUYHUX JOCIIDKEHb BUTIKAHHS a3y 3 ra3ornpoBO-
oy 1 ¢opMmyBaHHS apeany 3a0pyIHEHHS TIPYHTY
MpH [[bOMY. 3aBJIaHHSI CTBOPEHHSI 1 peaiizamii Ma-
TEMaTUYHOI MOJIETIi MOJSTaloTh B TOMY, IIOO Ha
OCHOBI aHAJIITHYHMX JOCIIIIKEHb BCTAHOBHUTH 4ac,
3a SIKAH (QUIbTpallis ra3y B IPyHTI, [0 BUHUKHE B
pe3yabTaTi MOSBH CBUIA B Ta30MPOBOJI, JOCITHE
MOBEPXHI IPYHTY, 1 IKUI NPU 1[bOMY OOCSIT B IpyH-
Ti 3aiiMaTuMe c(hOpMOBaAHUI apeast 3a0pyTHEHHSL.

[lpu crBopeHHi MaTeMaTH4HOI Moxenmi ¢op-
MyBaHHsI apeanly 3a0pyaHEHHS IPyHTYy rasy, IO
BUTIKa€ 3 Ta30MPOBOJNY, NMPUHHATO TaKi TPHUITY-
HICHHS:

— IHTEHCUBHICTh BUTIKaHHS ra3y B IPYHTI I1O-
CTiifiHa B Yaci;

— ¢inpTpanis piAMHU B TPYHTI JNiHiHHA 1 miI-
MOPSIIKOBYETHCS 3aKoHy [lapci;

— (¢inpTpallis TPyHTOBHX BOJ| y CEpEIOBHIII
BiJICYTHS.

B ocHOBYy MaTeMaTW4HOI MOJEINi IMOKJIaJeHO
PIBHSHHS HECTaIiOHAPHOI MIIOCKOi (imbTparii pi-
JVHUA B MOPHCTOMY CEPEIIOBHILI, B SKIH JKEpeno
BUTOKIB PO3TJIIAETHCS SIK TOYKOBE JPKEPENO 1 MO-
JeTIoEThCs 3a oroMoror ¢ynkuii lipaka. JliHik-
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Ha (UIBTpALlis HEIIEPEPBHOTO CEPEAOBHUIIA B IPYH-
Ti ONHUCYEThCS 3akoHOM Jlapci, 3TiHO 3 SKUM
MBUAKICTH (QUIBTPALl 3 ypaxyBaHHSIM JDKepea:
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k - NIPOHMKHICTL TIOPUCTOTO CEPEIOBHUIIA;

C - NIBHJKICTh PO3MOBCIO/DKEHHS 3BYKY B Ce-
PEIOBHIILI,

7] - AMHAMIYHA B’ A3KICTh Ta3sy;

p - TYCTHHA rasy;

q - IHTEHCUBHICTb JUKEpena;

F - myioma noBepxHi, 4yepe3 Ky 301HCHIOETh-
cs puIbTpALis;

Xgo V- JOJIaTKOB1 KOOPJAMHATH JiKepena B
TLIOIIHHI;

5(x - X, l 5(y — Y, ) - ¢ynkuii Jlipaka.

[Tpu BHOOpPI MOYATKOBUX i TPAaHUYHHX YMOB
BBaXXaJ0OCs, 110 B MOYaTKOBUH MOMEHT 4acy (isib-
Tpaiisi ra3y B IPYHTI BiICyTHS, MOBEPXHS IPYHTY
ra3y HEIPOHWKHA, a Ha OC3MEKXHOMY BiIalieHHI
BiIl JUKepena MIBUAKICTh (UIbTpallil JOpiBHIOE
HYJII0, TOOTO

o(x,,0)=0;0(0,h,t) = 0;00(0, h,) =0 , (4)
ne h - riuOuHA 3aKiIajeHHs Ta30MpOBOLY B
TPYHTI.

[ocTaBnena 3asava po3B’si3yBanack i3 3acTo-
CYBaHHSM IHTErpaJbHUX MeperBopeHb. Ha mep-
oMy etami OyJl0 BUKOPUCTaHE CHHYC-TIEPETBO-
pernst @yp’e, 3rigHO 3 SIKUM
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B nmopanbmomy Oyno BHKOPHUCTaHO TEPETBO-
penns Jlannaca
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370330
360-370
350 360
30- 350
330- 30
320330
F0-320
300-310
Z90- 300
ZEI0- 20
270230
Z60- 270
2500 260
240- 250
230-240
W 20230
W Z10- 220
200-F10

W 190- 200

PucyHnox 1- Pe3yJabTaTH MATEMATHYHOT0 MOAETIOBAHHS MOJISI IBUAKOCTEH (inbTpaunii
NPH NOsIBi BUTOKY 3 ra30npoBOIY

ne: G(x - X, ) - omuHnyHa (yHKIis XeBicaiina

1, akwo x)x,
O =
0, axuo x < x,

erfc(z) - inTerpain iMoBipHOCTI

erfc(z) = Te :

PiBusinas (11) mo3Boisie OTpUMATH B KOXKHiH
TOYIIl TUTOIIMHH 3 KOOPIUHATAMH (xl., yl.) 3HAYeH-

Hs MIBUAKOCTI (QinbTpanii w, B NEBHMHA MOMEHT

yacy, 0OyMOBJICHE JI€I0 OJHOTO TOYKOBOI'O JKE-
pena iIHTEHCUBHICTIO ¢ .

Peanizanis (11) i3 3acTOCYBaHHAM YHCIOBUX
METO/IiB JIO3BOJIMJIA OTPUMATH XapakTep PO3Moi-
Jy WBKAKOCTeH (BinbTpauii rasy B IPyHTI IIpu 1m0~
sABI BUTOKY Iasy 3 Ta3olpOBOAY Pi3HOI iHTEHCHB-
Hocti. Ciif 3ayBaKWTH, 1[0 MaTeMaTHYHE MoJie-
moBaHHg Yy Gopmyni (11) cnipaBaumocst Anst mpo-
MDKKY 4Yacy, KOJH BHTIK Ta3y He JOCSTHE TIOBEPXHi
IPYHTY .

Jlist BCTAHOBJICHHS 3aKOHOMIPHOCTEH (popMmy-
BaHHS MMOJIsI IIBUIKOCTEH (GuIbTpallii ra3y B IpyHTI
MPOBENICHO OOYMCIIOBAIHUN EKCIIEPHUMEHT Ha
OCHOBI CTBOpeHOi Mozeni. B ymoBax excriepuMeH-
Ty BBaXXajiocs, MO Ha rMOWHI 1 v 3HAXOAMTHCA

TOYKOBHW Malliii BHUTIK Ta3y I1HTEHCHUBHICTIO

62 )
68 )

20 mm® / ¢ gepes KoposiitHuit OTBIp B CTiHII TPY-
6u xpyrioi dopmu giamerpom 2 mm . Ilpu npomy
JIiHIHA MIBHIKICTH BUTOKY ra3y 4epe3 OTBIp CKIa-
nae 6,37 mm/c (382 mm/ x6). Tpounkicts ce-
penouia (IpyHTY B HEMOPYIIEHOMY CTaHi) MpH-
insTo pisHOo 0,5 dapci . B3nox oci Tpybompo-
BOJly (3acuIlka TpaHIei) TIPOHUKHICTh BBaXKA€EThCS
B 1,5 pa3u OinbIoro.

BucHoBku

IIpy BUHHKHEHHI MaJIMX BUTOKIB rasy 3 raso-
TIPOBOJIIB HU3BKOIO TUCKY iH/IMKallis iX Ha IOBep-
XHI IDYHTY MOXKIMBA 4epe3 KOPOTKHIi IPOMIKOK
yacy (5-10xB) i 3aJI€XKUTh BiJl BJIaCTUBOCTEH IPYyH-
Ty .

Apeaj 3ara3oBaHOCTi IPDYHTY BHUTOKAaMH a3y
3 Ta30MpOBOAY Ha TMUOMHAX, OMM3BKUX 10 TPyOO-
MIPOBOJY, 3aiiMa€ MOBEPXHIO, CIIBPO3MIPHY 3 PO3-
MipaMu TpaHinei. 3 HaOJIMKEeHHSM J0 TOBEpXHi
TpyOomnpoBony (opma apeany 3ara3oBaHOCTI Ha-
OJIMKA€eThCS JIO €JIITca, BEIMKa BICh SIKOTO CIIpS-
MOBaHa B3JI0BXK OC1 TpyOONpPOBOY, a IJIOoIIa CKIa-
nae 6mspko 40 v’

3anponoHoBaHa MaTeMaTHYHA MOJIENb JJO3BO-
Jsi€  MiABUIIUTH e(PEeKTHBHICTh J[IarHOCTYBaHHS
MaJIMX BUTOKIB 3 Ta30MPOBOIIB 1 OI[IHUTH PO3MIpH
apeaJtiB 3ara30BaHOCTI TIPH IIbOMY.
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