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MATEMATUYHE MOOEJTIOBAHHSA ®UIbTPAUIT FA3Y B IPYHTI
BHACHNIAOK BUHUKHEHHA MAJNTUX BUTOKIB Y TA30IMNMPOBO[I
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Tlobyoosano 08oMipHy mamemamuyny mMooeib HeCmayioHapHoi ginempayii eazy 8 nopucmomy cepeoosunyi
(rpyHmi), surIuUKaHY NOSGOIO MOYKOBO20 GUMOKY 3 2A30NPOBOOY, AKULL IMIIYEMbCS 34 00NOMO2010 PYHKYIT Jlipaka.
Mamemamuuna modenv bazyemuvcs Ha pieHauni Qinempayii /lapci i piensanni nepospusHocmi nomoky. Pospobneno
aneopumm peanizayii MamemamudHoi Mooeni i 00epHCAro YUCI08I P0o36 A3KU 01 PisHux ymos. Ilposedeno ananiz
00epaicanux po3e’ A3Kie, 3a AKUMU 6CMAHOBIEHO 3aKOHOMIPDHOCMI npoyecy @itbmpayii easy 6 pynmi. 30kpema, oa-
Ha OYiHKA MpUeanocmi npoyecy 00 00CASHEHHs 2A30M NOGEPXHI IPYHMY | 6EIUNUHU aApeany 302a308AHOCHI IPYHIY
npu ybomy.

KittouoBi cioBa: ¢inbTpariis, BUTIK ra3y, apea 3ara30BaHOCTi.

Ilocmpoena 08yxmepnas mamemamuyeckdas Mooenb HeCMAYUOHAPHOU QuUIbMpayuu 2a3a 6 Nopucmoil cpeoe
(nouse), évizeannasn noseneHuem MoUeyHOU YMeuKu U3 2a30nPo6o0d, KOMOPbIl UMUMUPYEMCsL ¢ ROMOWbIO (DYHKYUU
upaka. Mamemamuyeckasn moodenv 6asupyemcs Ha ypasHenuu uismpayuu Japcu u ypagueHuu Hepaspbi8HOCMU
nomoka. Paspaboman ancopumm peanusayuu Mamemamuyeckol Mooeiu U NOIy4eHbl YUCIeHHble peuenus Olsl pas-
nuunblx ycrosutl. IIposeden ananu3s NOIYy4eHHbIX peuleHuil, N0 KOMopblM YCMAHOBIEHbl 3AKOHOMEPHOCHU npoyecca
Qurempayuu 2asza 8 nouge. B uacmnocmu, 0aHa oyeHka OAUMeNbHOCTNU NPoYecca K MOMEHMY 00CMUNCEHUS 2A30M
NOBEPXHOCIU NOYBLL U BETUYUHDL APead 3a2a3UpPO8AHHOCHIU NOYEbL NPU IMOM.

KiroueBbie ciioBa: GuiabTpanys, yreuka rasa, apeai 3ara3upoBaHHOCTH.

The article deals with the two-dimensional mathécahimodel of non-stationary gas filtration in par® envi-
ronment (ground) caused by the gas pipeline pinledkage which is simulated by Dirac function. Thethemati-
cal model is based on Darcy’s equation and flowticwity equation. The algorithm of the mathematiceldel im-
plementation is developed. The computational smistifor different conditions are obtained. Ttuthor analyse
the achieved solutions, which show common factbteeounderground gas filtrationrpcess. The duration of t
process of gas reaching the ground surface ancttimeurrent area of the underground gas contamimatice ce-

scribed.

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

AxTyanbHicTe npoGiemu. B razomnposoxi 3
TPUBATMM TEPMIHOM EKCILTyaTallii y pasi MOLIKO-
JOKCHHS 130JISI[IHHOTO TTOKPHUTTS BHACIIIOK KOPO-
31HHUX MPOIIECIiB MOXKYTh YTBOPIOBATHUCS HACKPI3HI
orBopH (CBHMIIN), KPi3b SKi a3 BUTIKAE B TOBKLJLIS.
Slkmio B ra3ompoBoAi ra3 3HAXOAUTHCS I BHCO-
KHM THCKOM, TO BUHHKHCHHS CBHINA OyJie HEBJOB-
31 3adikcoBaHE 3a XapaKTEPHUM 3BYKOM 1 BHKH-
JAHHSM TPYHTY Ta3oBOIO cTpymuHO. [lyisi raso-
BUX MEPEX XapaKTepHI HEBHCOKI THCKH B Tpy0O-
NPOBOJIl, TOMYy BUHUKHEHHS CBHI]A MOXXE HE IMpHU-
BEPHYTH yBard, i BUTIKAHHSA MOXE ICHYBATH MpPO-
TATOM 3HAYHOTO MNPOMIKKY 4acy. lle mpussoautsb
JI0 3HAYHUX BTPAT ra3y i BUHUKHCHHs BHOyXOHe-
Oe3reyHoi cuTyartii.

AHani3 giTepatypHux kepen. Jlocmimken-
HS BWTIKAHHS Ta3dy 3 Ta30MpPOBOAY MPHUCBIYCHO
poboram Kammos N.HU. [2], [Ilepbakos C.I'. [5],
Sxosnesa E.N. [6], B AKHX NPHBEICHO METOANKY
BH3HAYCHHS BTPATH T'a3y MpH BUTIKAaHHI, TaHO OIli-
HKY BTpaT rasy NpH TPaHCIOPTYBaHHi, 3arporo-
HOBaHO METOJY IarHOCTYBaHHS BUTOKIB. 3aKOHO-
MipHOCT1 GimsTparii ra3y B MOPUCTOMY CEpelo-
BUIII BUCBITIIEHO B mpansx bysumosa C.H. [1],
Jleukuna E.B. [3], Xeitna A.JL. [4] Ta in. [Tpuse-
JIeHi 3alIeKHOCTI WBHIKOCTI (inbTpanii Bix pos-
TNOJILTY TUCKIB Ta XapaKTEPUCTUKHU TIOPUCTOTO CE-
penopumia. OiHAK, CYMICHI JTOCIIIXKSHHS MPOIECiB
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BUTIKAHHS Ta3y 3 TpyOOmnpoBoay i (hopMyBaHHs
PH LbOMY apeaily 3a0pyAHEeHHs IPYHTY B JiTepa-
Typi BiICYTHI.

MeTo0 A0CHiTKEeHHS € TIPOBEACHHS aHali-
THYHUX NOCITIPKCHb BUTIKAHHS Ta3y 3 ra3olpoBO-
oy i QopmyBaHHs apeany 3a0pyJHEHHS IPYHTY
npy bOMY. 3aBIaHHSI CTBOPEHHs 1 peajizalii ma-
TEMaTHIHOI MOJENi MOJATaloTh B TOMY, OO Ha
OCHOBI aHAJITHYHUX JOCHI)KEHh BCTAHOBHUTH Hac,
3a Kui QinbTpauis rasy B IPyHTI, IO BUHUKHE B
pesyIbTati MOSBH CBHIIA B Ta30NPOBOAI, HOCATHE
MIOBEPXHI TPYHTY, 1 KU P IIbOMY OOCST B IPYH-
Ti 3aiMaTUMe c(hOpPMOBaHUH apealt 3a0pyAHEHHS.

[Ipu cTBOpEeHHI MaTeMaTWyHOI Mojeii ¢op-
MyBaHHA apeairy 3a0pyIHEHHS IPYHTY Tasy, IO
BUTIKAa€ 3 Ta30MpPOBOJY, NMPUUHATO TaKi MPHUITY-
ICHHS:

— IHTEHCUBHICTh BHUTIKaHHA Ta3y B IPYHTI IIO-
CcTiliHa B Haci;

— (inpTpallis PiAVMHKA B IPYHTI JiHIMHA 1 mig-
MOPSAKOBY€EThCS 3aKoHY Japci;

— (inpTpamis IPyHTOBHX BOJ Y CEpPEIOBHILL
BiJICYTHSI.

B ocHOBY MarematmdHOI MOAEINI TOKJIAICHO
PIBHSIHHSI HECTaIliOHAPHOI ITIIOCKOT cpinLTpaui'i pi-
JMHHU B [IOPHCTOMY CEPENOBHILI, B SKiH JuKepeno
BUTOKIB PO3TIISAAAETHCS K TOYKOBE JKEPENO 1 MO-
JICITIOETHCS 3a Aonomororo Gyukmii Jlipaka. JliHii-
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Ha (LIbTPALis HEIEPEPBHOTO CEPEOBHILIA B IPYH-
Ti ONHMCYETbCs 3aKOHOM Jlapci, 3rifiHO 3 SKHM
MIBUAKICTH (PibTpamii 3 ypaxXyBaHHSIM JKepena;

n 0x F @)

PiBHSHHS HEpO3PUBHOCTI JIIHIHHOI (imbTpamii

Ma€ BUTJIAQ
_a_P - C2 a(pa‘) . (2)
ot X

Iudepentiroroun (1) 3a gacom i (2) 3a miHiii-
HOI0O KOOPIMHATOI0 Ta TEPEXOISYd O IUIOCKOI

3a/a4i, OTPUMAaEMO MAaTEMaTHUYHY MOJENb y BH-
ISl

ow 62w+ 0°w B

ot x> 0y2 (3)

‘%EJ(X'XQ)J(V'VQ)’

Je. G — IWBUAKICTH QinbTpawii SK QyHKIIS yacy
{ i mpocTOpoBHX AEKAPTOBUX KOOPIHMHAT.

_ke?p
,7 )

K - IpoHMKHICTE MOPUCTOTO CepeIoBHINa;

C- MBHAKICTH PO3MOBCIOKCHHS 3BYKY B Ce-
penoBuIi,

] - TMHAMiYHA B’ SI3KiCTh Ta3y;

0 - TYCTHHA rasy;

(] - iIHTEHCHUBHICTb JKepena,

F - mmoma moBepxHi, uepes AKy 3MiHCHIOECTH-
cs QinpTpanis;

XgsYq- AOINATKOBI KOOPJAMHATH JDKepena B
TUTOIINHI,

0 (X - X, ), 5(y Y, ) - hyukuii lipaxa.

[Tpn BHOOpI MOYATKOBHX i 'PAaHUYHUX YMOB
BB@KAJIOCS, II0 B ITOYATKOBHH MOMEHT 4acy (isb-
Tpalist Ta3y B IPYHTI BIACYTHs, IMOBEPXHS IPYHTY
ra3y HETNpOHWKHA, a Ha OE3MEeXHOMY BiAgaJieHHI
BiJl JKepena MBHIKICTh (inbTpauii JOpiBHIOE
HYIIIO0, TOOTO

w(x,y,0)=0;0(0,h,t) = 0,0, ,t) = 0 , (4)

ne h - rmbuna saknamenHs rasompoBoay B
TPYHTI.

[TocTaBiena 3amaga po3B’ sI3yBaiach i3 3acCTo-
CYBaHHSM IHTErpajibHUX NepeTBopeHb. Ha mep-
moMy etami OyJlo BHKOPHUCTaHE CHHYC-TIEPETBO-
penns Oyp’ e, 3rigHO 3 IKUM

= Tw(x y,t)sin Aydy. %)

Takum umHOM, piBHSHHS (3) 3BOAMIOCH 10
BUTJISITY

9w

AZW] -
at ax

(6)
- ae%sin/lyg J(X ~Xg ) .
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B nmopanbmomMy Oyno BHKOPHCTaHO MEPETBO-
penHs Jlamnaca
= jw(x, At) et 7)
0

Tenep Ha ocHOBI (6) oxepxkaHo

2\0/ 2
d W_(s+ae)| }N—Fism)lyg (x X ) (8)
S

2

dx e

Po3B’s130k (8) 3 BUKOPUCTAHHIM MOYATKOBHX
YMOB, OJIep)KaHUX Ha OCHOBI (4), Mae BUTIISIT

| Jorr 1)
W _ asindy, [a(x—x )_l]—aee -

2F ’ sVs+ael?

2F s+l

3acrocyBanus 10 (9) obepHEHOro MEPETBO-
penHs Jlarmaca 03BOJIAIIO OTPUMATH
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4F)
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22z J_t
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AF
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BukopucToBytoun obOepHeHE CHHYC-TIEPETBO-
peras Dyp’e, OAEPKUMO PO3B’SI30K MMOCTABICHOL
3aja4i y BUTIISII
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Pucynok 1- Pe3yjabTaT MaTeMaTHYHOTO MOAEJIOBAHHSA MOJs IIBHAKOCTEH (iabTpamii
NpH NOsIBi BUTOKY 3 ra30npoBoay

ne. g (X ~ X4 ) - oquHMYHA QyHKLis XeBicaiiaa

o= 1, axwo X)X,
0, sikwo X < Xq

erfc(z) - inrerpan imoBipHoCTI
erfc(2) = je‘zzdz.
0

PiBusiaas (11) mo3Boisie oTpUMAaTH B KOXKHIM
TOYIl TUIOLMHU 3 KOOPIUHATAMH (Xi VY ) 3HAYEeH-

H MIBUAKOCTI (QinpTpamii W, B NEBHUH MOMEHT

4acy, 0OyMOBIIEHE Ii€0 OJHOTO TOYKOBOIO JpKe-
pela IHTEHCUBHICTIO (.

Peanizanis (11) i3 3acToCyBaHHSM YHMCIIOBHX
METOJIB 103BOJIMIIA OTPHMATH XapaKTep PO3IOJLi-
Jy WBMAKOCTeH (inbTpauii rasy B IpyHTI IpH 10~
sABI BMTOKY Ta3y 3 Ta3oNpOBOJY Pi3HOi iHTEHCHB-
HocTi. Cnijy 3ayBaXkMTH, N0 MaTEeMaTHYHE MOJIE-
moBaHHA y popmyii (11) cpasamiocs mis mpo-
MDKKY 49acy, KOJU BUTIK Ta3y HE JOCSITHE MMOBEPXHI
IPYHTY .

Jlist BCTaHOBIICHHS 3aKOHOMiPHOCTEH (opMy-
BaHHSI TIOJIS MIBUAKOCTEH (imbTpariil ra3y B IpyHTi
NPOBEJICHO OOYHCITIOBAIbHUN EKCIIEPUMEHT Ha
OCHOBI CTBOpeHOi Moze. B yMoBax excriepumeH-
Ty BBaXaJoCs, 10 HA TNTUOWHI 1M 3HAXOIUTHCS

TOYKOBUH Majlii BUTIK Ta3ly I1HTEHCHBHICTIO
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20 mm® | ¢ uepes xoposiiinuit oTBip B CTIHII TPY-
6u kpyrmnoi Gpopmu giamerpom 2 mm . [pu mpomy
JiHIMHA MIBUIKICTH BUTOKY ra3y yepe3 OTBip CKIa-
nae 637 mnl ¢ (382l x6). Tporuxicts ce-
pemopuiria (IPYyHTY B HEMOPYIIIEHOMY CTaHi) MpH-
itasito piBHOrO 05 dapci . B3mosx oci Tpy6ompo-

Boay (3acumika TpaHIiei) MPOHUKHICTh BBAXKAETHCS
B 1,5pa3u OinbIioko.

BucnoBku

[Ipu BUHUKHEHHI MaJIUX BHUTOKIB ra3y 3 ra3o-
MPOBO/IIB HU3BKOTO THUCKY 1HAMKAIIIS iX Ha IMoBep-
XHI TPYHTY MOJKJIMBa 4Yepe3 KOPOTKUU IMPOMIKOK
qacy (5-1(kB) i 3a1eXuTh BiJ BIACTUBOCTEH IPYH-
Ty .

Apeait 3ara3oBaHOCTI IPYHTY BHUTOKaMH Ta3y
3 Ta30MPOBOIY HA TIIMOWHAX, OJM3BKUX O TPYOO-
MPOBOTY, 3aiiMae TOBEPXHIO, CITIBPO3MIPHY 3 pO3-
MipaMu TpaHmei. 3 HaOMMKEHHSAM A0 TOBEpXHi
TpybompoBony (opma apeaiy 3ara3oBaHOCTI Ha-
OJIMKAETHCS 70 eIiIca, BEIHKa BICh SKOTO CHpS-
MOBaHa B3JIOBX OCi TpyOONpoBOIy, a TUIoIIa CKJIa-

nae 6muspko 40 2

3anpornoHoBaHa MaTeMaTHYHA MOJIENb JJO3BO-
JISl€  TABHIMUTH €()EeKTHBHICTh IIarHOCTYBaHHS
MaJIuX BUTOKIB 3 Ta30MPOBOIB i OL[IHUTH PO3MipH
apealiB 3ara30BaHOCTI MPH LBOMY.
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