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AHHOTAINSA

IIpoBesieHo YMCIIEHHOE HCCIeIOBaHWE 0COOEHHOCTEH pacipoCTpaHEHHUs BOJH JaBICHHS
B LUJIMH/IPUYECKON MOJIOCTH B IOPUCTOM CpPEJie CO CII0EM, COJIePIKal[M I'a30BbIi TUIIpaT,
C WCIIONB30BaHUEM JIByXCKOPOCTHOM, C JIByMSI HATIPSHKEHHSMU MOJIEIH MOPHCTON CPEIbL.
Pa3paborana MeToqMKa YMCIEHHOTO PEHICHUS JBYXMEPHOH 3a/la4d O PacripoCTPaHCHUU
BO3MYIIEHUH B IJIMHAPUYECKON TOJOCTH U OKPYKAIOLIEeH €€ MOPUCTOM Cpesie Ha OCHOBE
Mmetona Jlakca — Bernapodda.

[lomy4yeHHbIe pacueTHbIE JAHHBIE TO3BOJAIOT OIIEHNUTH KOA(D(PUIIMEHTH! OTPKEHHS U TIPO-
XOXKICHHUS CUTHANIA HAa TPAHUIAX TUAPATOCOAEPIKALIETo c10s BHYTpu nonoctu. [Ipoananu-
3UpOBAHO BIMSHHUE YaCTOThI CUTHAJA, TONIIMHBI COAEPKAIEro TUPaT CI0s U ero T'uparo-
HACBIIIEHHOCTH Ha SBOJIOIMIO BOJHBI AABICHNS BHYTPH MOIOCTH. Pe3ymbTaThl YHCIEHHOTO
HCCIIEIOBAHMS COTIIACYIOTCS C MOMYYEHHBIMHU paHee pe3yabTaTaMi PEIeHHs JaHHOH 3a/1a91
B JINHEHHOM MPHOIMIKESHUH.

P C3YJIbTAThI pa6OTLI MOT'YT OBITH HCIIOJIB30BAHBI TIpU UHTCPHNPCTALIMNA NAaHHBIX Feoq)H3H-
YECKHX I/ICCHC}IOBaHI/II‘/'I CKBAXUH IJIs1 YTOUHCHUS IIOJIOKCHUA I'paHUl] CJIOEB, B YACTHOCTU
ruapaToCoACPKAIICTO CJIOA.

Karouesble ciioBa

[Topucras cpesa, BOJIHBI, Ta30BbIN THAPAT, HIIMHAPUYECKUNA BOTHOBO, KOIPPHUIMEHT OT-
paXkeHus, cI0, TpaHuIa.

DOI: 10.21684/2411-7978-2018-4-4-210-221

BBenenue

B reodusuke ruipoBoIiHbI (TPYyOHBIC BOJIHBI) B CKBOKUHAX MPUMEHSIFOTCS JJIs1 OIIpe-
JCJICHUSA TaKUX MCXaHUYCCKUX CBOMCTB TOPHBIX NOPO/, KaK IMMOPUCTOCTD, IIPOHUILIA~-
€MOCTb, BOJIO- MJIM HE(TECHACBIIIIEHHOCTH U T. 1. [4, 5]. Ecu ckBakuHa miepecekaeT
CJIOM TUTACTA C PA3TMYHBIMK aKyCTHUYECKUMU COTPOTHUBICHUSMH, TO BO3HUKAIOT OT-
pakKEHHBIC BOJIHBI, KOTOPBIE HECYT MH(POPMAIIUIO O XapaKTEPUCTUKAX dTUX CIOEB.
Lenbro HacTOsAIICH PaOOTHI SBISETCS BBISIBICHHE 0COOCHHOCTEH BOJIH JIABJIICHUS B
CKBKUHE MIPU TIEPECEUCHUH €10 CIIOSI, COJIEPIKAIIETO Ta30BbIi rupar. MccnenoBanue
BBIMOJTHEHO MyTEM YHCICHHOTO MOJICTTUPOBAHUSI, B OTJMYHE OT paboT aBTopoB [ 1, 6],
IJIe 3a/1aua pellicHa B IMHEHHOM NPUOIMKSHUH.

HocTranoBka 3agauu. OCHOBHbIC YPaBHEHUS

PaccmoTrpum 3amady o pacipoCcTpaHEHUH BO3MYIIEHHUH B IMIIMHAPUIECKOM BOJTHO-
BOJIC B TIOPHCTOM CPEJIE CO CIIOEM, COJCPMKAIIUM Tra30BbIi THIPAT (CM. puc. 1).

J171st YMCIIEHHOTO MCCIIeIOBaHUs 0COOEHHOCTEH PacpOCTPaHCHHS U 3aTyXaHUs
BOJTH B TaKOW CHCTEMe OyJeM HCIIONB30BaTh ABYXCKOPOCTHYIO MOIETH ITOPHUCTON
cpensl [2, 3]. B ciioe mopucTo# cpenibl, cofep KaiieM razoruapar, CKeneT (OCHOBHAS
opoya + ra3oBelid rApaT) OyaeM CUuTaTh OAHOPOAHOM TBEpAOH (da3oii ¢ 3P deKTus-
HBIMH [TapaMETPaAMH.
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3 Y
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Puc. 1. Cxema 3a1a4u. Fig. 1. The objective scheme;
Cr10#t 2 comepKHUT ra30BbIi THAPAT layer 2 contains gas hydrate

VYpaBHeHus OanaHca Macchl M UMIynbca (a3 umerot Bun [2, 31:

apy dp
S Ve =0 ST =0
dek 1
Pr dtf = —ayV*py — F¥, M
dsve

Ps—gr = —asVepy + Viok + FK.
3neck p,, v, 0, — 5 PEKTHBHAS IIIOTHOCTH, CKOPOCTH K 00BEMHOE COACPKAHUE TBEP-
Joi (j = s) q)a3bl u pmouna (j = f); o, P~ COOTBETCTBEHHO s deKTUBHOE Harpsi-
JKCHHUE B CKEJICTE MOPUCTON Cpelibl U JaBlieHHE BO (QIIIOUIE.

Cuna Mex¢a3zHoro B3auMOACHCTBHSA UMEET BUJ CYMMBI CHJI IPUCOEANHEHHBIX
Macc F}l ¥ Bsi3Koro Tpenus £ [2, 3]:

1 dsve d.v
° f'f
F =F, + Fu' E, = znmasafpfo < S s),

dt dt )
-2
Fy = nuasagpurag? (v — vs).
31ech p — HCTHHHAs IUIOTHOCTS j-(a3bl, a_, — XapaKTEPHbIH pa3Mep YaCTHUIL CKe-

nera, |, — BA3KOCTb GIIION/a, 1, 1), — 3aBUCSIIHE OT CTPYKTYPhI CPeiibl Koo du-
LIUCHTBI.
CKeneT MopuCTOM Cpebl CUNTAEM YIIPYTUM,

A+ +2/3ps

o5t = s (Ae 8K ™ + 2pgeel! + v 8Kpy), Vst = A +2/31
3)

asslsd k,,l L.,k
TZE(V VS+VVS),

e A, [, — MOJIYJIM YIPYTrOCTH, £ — Je(opManuu TBEpoH (asbl.
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ypaBHeHI/Iﬂ COCTOsAAHUSA (1)8.3 IMPUHATHI B aKYCTHYCCKOM HpI/I6J'II/I)K€HI/II/IZ

p; —pjo = K; (P — P}0)/Pjo. )

1€ p, — UCTUHHOE JIABIICHUE B TBEP/IOH (ase, K — 00BEMHBIE MOYIIU YIPYTOCTH
JUIst Marepuana j-(asbl; HKHAN HHIEKC 0 OTHOCUTCSI K HEBO3MYIIICHHOMY 3HAYCHHIO
BEJINYMHBI.

[t 3aMBIKaHUSI CUCTEMBI YPABHEHMM MCIIOIb3YEM CBSI3b MEX]y AABICHUSIMU B
(hazax pPppH 3 (HEKTUBHBIM JIABJIEHUEM B CKENIETE IIOPUCTOM CPEIBI p

1mm

Ps = o(s(ps —pf)’ Ps = —505* ) pJ = O(jp;-, (08 + (Xf =1. (5)

CunraeMm, 4TO MOJIOCTH 3allOJTHEHA TEM K€ (IFOMIOM, YTO M OKpYXKaromast 1o-
pucrtas cpena. YpaBHEHHUS IBMKEHUS BHYTPH MOJIOCTH MPEACTABISAIOT COOOH ypaB-
HEHHS COXpaHEHHS MAaCChl M UMITYJIbCa M YPABHEHNE COCTOSIHHS B JINHEHHOM aKyCTH-
YECKOM MpHOMmKeHNH. BiI3kocTh (umionaa mpy ero IBHKEHUH BHYTPH TTOJIOCTH HE
YUHATHIBAETCS.

Pe3yabTarel pacueroB

PazpaOoranHas MeTOIMKa YUCICHHOTO PELICHNUS ABYXMEPHOH 3a1a4H O pacipocTpa-
HEHHUM BO3MYILUECHUHM B LIWJIMHAPUYECKOW MOJOCTU U OKPYKAIOUIEH ee MOPUCTOU
cpezne ocHoBaHa Ha Metoze Jlakca — Bennpodda.

[IpeacraBneHHbIe HAa WJUTIOCTPALMAX HIDKE PE3Y/IbTaThl ObUIN MOTYUYCHBI TSI pac-
yeTHOU 00macTi 0 <7 < 1M, 0 <z <4 M, Ipu 3TOM IIWINHAPHUIECKAs TIOIOCTh 3aHH-
Maet obmacts 0 <r<r, =0,1 M. Marepua ckeseTa IopuCcTon Cpe/ibl — KBapIl, MOJNOCTh
3aII0JIHEHA BOJIOM, B IOPaxX COACPIKUTCS BOZA U Ta30Bbli ruzapart. Ilopel Ha rpanuie
HOPUCTOM CPeibl U TIOJIOCTH OTKPBITHI. ['a30BbI rHApaT 4aCTHYHO 3aI0JIHSET IIOPOBOE
npocTpaHcTBO MpH 1 M <z < 3 M, 3Ta 001aCTh IPOCTPAHCTBA COOTBETCTBYET CIIOIO 2

N/ tHIN\/
NN/

3
Puc. 2. Cxema pacrpoCTpaHEeHUs Fig. 2. The scheme of the wave
Bo3MyIeHui. Cioit 2 copepkut propagation; layer 2 contains
ra3oBbIi ruapar gas hydrate
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Ha cxeMme (puc. 2). Bo3myiienne KOHEUHOH AJTUTENEHOCTH CO31AeTCsl HCTOYHHUKOM
JKUJIKOCTH, PACTIONOKEHHBIM BHYTpU nofoctu mpu 0 <r<r ,0<z<z =0,02 m.

B orcyrcerBue runpara nopucrocts coctasisieT 0,4. IIpu 9ToM ocHOBHBIE Mapa-
METPbI IOPUCTOH cpenbl caenyrompue: a, = 0,1 mm, m =1, n, = 100. Moaynu ymipy-
TOCTH KBapLEBOIO CKeJeTa HopucToi cpenbl A, = p, = 8 I'lla, s rugpaTHoi yacTu
ckenera A,, = u,, = 2 I'lla. B nmpeacTaBieHHbIX 31€Ch pacyeTax B IPOMEKYTOYHOM
cioe 2 ra3oBbiit ruapar 3anonsset 0,5 (mpu 3ToM o, = 0,2, o, =0,8) u 0,8 moposoro
o0beMa ((xf= 0,08, o, = 0,92). Jlns 30HbI 2, cOnEpIKAILEH Ia30TMAPAT, BMECTO A, [,
UCTIONB3YIOTCS APPEKTUBHBIE MOAYIH YIPYTOCTH, KOTOPBIE PACCUMTHIBAIOTCS IO
bopmynam

}\* = (as}\s* + ahxh*)/(as + ah) ’ We = (asp's* + ahuh*)/(as + ah)- (6)

Jist 9TOW 30HBI TaKKe MCHONB3YIOTCA YP(PEKTUBHBIE CPEHUE 3HAYCHUS IIIOT-
HOCTH M 00BbEMHOTO MOYJISI yIIPYTOCTH JIJIsl MaTepuaia TBepaon (hazbl.

Kax m3BecTHO M3 NTMHEHHOTIO aHaNIM3a Mpoliecca pacpoOCTPAHEHH MaJIbIX BO3-
MYIICHUH B LWIMHJPUYECKON ITOJIOCTH B NPOHMUIIAEMON Cpene, TP YMEHbBIIEHUN
94acTOTHI KoJieOaHMii (ha3oBasi CKOPOCTh BOJIH CTpeMHUTCS K Hymo. C yBelnndeHuem
MIPOHUIIAEMOCTH OKPY>KaIOIIET0 MOJI0CTh TOPUCTOTO MPOCTPAHCTBA 3aTyXaHHE BOJTH
B BOJTHOBOJZIE Bo3pacTaeT. [103ToMy CKOpOCTh M 3aTyXaHUE CHTHajla Ha y4acTKax C
pPa3IMYHON MPOHUIIAEMOCTBIO OKPY’KAIOIIEH MOPUCTON Cpellbl pa3auyaroTcs, U Ha
rpaHUIlaX y4acTKOB, IJe MPOUCXOINUT U3MEHEHHE MPOHNUIIAEMOCTH, MOTYT BO3HHUKATh
OTpakeHHBIE BOJHBI.

Ha npencraBneHHBIX HUKE pUCYHKAX TTOKa3aHO M3MEHEHHE IaBICHUS KUKOCTH
Ha ocu nojoctu tipu » = 0, z = 0,5; 1; 1,5; 2; 2,5; 3; 3,5 m. Conmeprkanue ra30Boro
TUIpara B IOPOBOM MPOCTPaHCTBE clost 1 M <z <3 M cocrasnsiio s, = 0, 0,5 u 0,8.
WcxonHblii UMITYITbC JaBICHUSI UMEET OCITMILTUPYIOMUi Xapakrep (puc. 3-4, OCHOB-
Has gactota 1 kl'11, puc. 5-6, ocHoBHas yactora 2 K[ ).

Ha nepsom u3 pucynkos (puc. 3, s, = 0) 1oka3aHo NPOXOXKJIEHUE BOJIHBI B BOJI-
HOBOJIE TIPY OTCYTCTBUH CJ1051. CpaBHEHUE ¢ pucyHkamu mipu s, = 0,5 u 0,8 mokaspl-
BAeT, UTO IIPH MPOXOKACHNUHN y4acTKa MOJIOCTH C THAPATOM B OKPYKArOIIeH MOPUCTOM
cpene (z=1; 1,5; 2; 2,5; 3 M) aMIUIATy]a CUTHAJIA HECKOIBKO YBEITUIUBACTCS, T. K.
3TOT YYaCTOK XapaKTepHu3yeTcs OOJBIIeH CKOPOCThIO pacpOCTPAHEHHS U OOJIbIIEH
aKyCTHYECKOH JKeCTKOCThIO. [locie mpoxok1eHus 3Toro yJacTtka (z = 3,5 M) aMIuIu-
Ty/bI CUTHAJIAa TIOYTH HE OTIUYAIOTCS.

CpaBHeHHEe MaKCUMaJIbHBIX 3HAYCHUH 1aBieHns Ha puc. 4, z = 1 M, Ipu pa3ind-
HBIX §, TIPU TPOXOXKJCHUU CUI'HAIA B YYaCTOK, COAEPIKAIIMN THIPAT, MO3BOJISET
OLIEHUTh KOX(QPUIMEHT OTPaXKEHHs OT TPaHMUIbL. Bonuy mpu s, = 0 MOXKHO paccma-
TPUBATh KaK UCXOIHYI0, a ipu s, = 0,5 n 0,8 — Kak CyMMy HCXO/IHOM U OTPAKEHHOM
oT rpaHuIIbL. Toraa noxyyaeM cieayrolue 3Ha49eHUs 151 Kod()(HUIIMEHTOB OTPasKCHUSL:

R=0,06 mnpuf=1xln,s,=0,5,
R=0,12 mpuf=1«ln,s,=0,8.

BectHuk TromeHCKOro rocyjapCTBEHHOI0 YHUBEPCUTETA
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0.2 - 0.2
. | r=0
Apilpo Apt/po 1m<z<3m s,=05
0.1 1
0 -
0
0.2 -
| r=0
Api/po 1m<z<3m s,=0.8
z=05m
Puc. 3. I3meHeHne TaBiIeHNS B )KUIKOCTH Fig. 3. The variation of the pressure in the
TP pacIpOCTPAHEHNH BOJHBI BIIOIb liquid during wave propagation along a
IITAHIPHIECKOHN MOJIOCTH B IOPUCTON cylindrical cavity in a porous medium at
cpeqe TpH Pa3IMIHBIX 3HAYCHUAX different values of hydrate saturation of the
THAPATOHACKHIIICHHOCTH MOPUCTOTO CIIOS porous layer (s, = 0, 0.5 and 0.8);
(5,=0,0,5u0,8). the basic frequency of the initial pressure
VlcxomubIii cHTHAT IMEET OCHOBHYIO perturbation is 1 kHz

gactory 1 k[

Pusuko-maTemaTnueckoe moaenuposanue. Hedrs, ras, snepreruka. 2018. Tom 4. Ne 4



216 Bonowvipesa O. I0., I'yoauoynnun A. A., [yoxo /]. H.

0.2
Apflpo
0.15 - r=0
z=05m
0.1 4
sp=0,0.5,0.8
0.05 -
O -
0 2 3
t, ms
Apilpo r=0
0.1
z=2m
0.05 s, =0,0.5,0.8

0.2 q
Appo
0.15 r=0
z=1m
0.1 4
sp=0,0.5,0.8
0.05
0 —
0 1 2 3 4
t, ms
Apilpo r=0
0.1
z=3m
0.05 sp=0,0.5,0.8

Apilpo r=0
0.1
z=35m
0.05 sh=0,0.5,0.8
0 - T T T e T
1 2 3 4
t, ms

Puc. 4. BnusiHue ruApaTOHACHIIEHHOCTU
MIOPUCTOTO CJI0Sl HA U3MEHEHUE JJABJICHUS
B JKMJIKOCTU JI0, BHYTPH U N1OCJIE
TUAPATOHACHILIEHHOTO CI10S IPH
pacnpoCTpaHeHNN BOJIHBI BIIOJIb
LUIMHIPUYECKON MOJIOCTU B OPUCTON
cpene. McxonHslil curnan umeer
OCHOBHY!IO yactoTy 1 kI

Fig. 4. The influence of hydrate saturation
on the variation of pressure in the liquid
before, inside and after the hydrate-
saturated layer during wave propagation
along a cylindrical cavity in a porous
medium;

the basic frequency of the initial pressure
perturbation is 1 kHz
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0.3 4
Api/pg |

0.2

0.1 1

z=05m

Zz=1m
z=15m

z=2,25,3,35m

0.3 -
Apilpg |

0.2

0.1 A

r=0
Tm<z<3m s,=0.8

z=05m

z=15m
z=2,25,3,35m

0.3
r=0
Aps/po | 1m<z<3m s,=0.5
0.2 - z=05m
z=1m
0.1 +
z=15m
z=2,25,3,35m
0 ¢
0 2 3 4

t, ms

Puc. 5. I3meHeHue qaBlIeHUs B 5KHUIKOCTH
NP PACTIPOCTPAHEHHU BOJHBI BIIOJIb
WJTMHIPUYECKON TOJIOCTH B TIOPUCTOM
cpele PH pa3InyHbIX 3HAYEHHUSIX
THJIPaTOHACHIIIEHHOCTH TIOPUCTOTO CJIOS
(5,=0,0,5u0,8).

McxonHblii curHan MMeeT OCHOBHYIO
yactoty 2 k[ 11

Fig. 5. The variation of the pressure in the
liquid during wave propagation along a
cylindrical cavity in a porous medium at
different values of hydrate saturation of the
porous layer (s, =0, 0.5 and 0.8);

the basic frequency of the initial pressure
perturbation is 2 kHz
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0.2 -
Apf/po 1
0.1 -

-0.1 4

-0.2 -

Apilpo r=0

0.1
z=2m

0.05 sh=0,0.5,0.8

0.2 -
Apf/pg

-0.2 -
Apilpo r=0
0.1
z=3m
0.05 sy =0,0.5,0.8
0

r=0
z=35m
sy, =0,0.5,0.8

Puc. 6. BrusiHUE THAPATOHACKIIICHHOCTA
MOPUCTOTO CIIOS HA U3MCHEHUE [TABIICHUS
B JKHJIKOCTH JI0, BHYTPH H ITOCIIE
THAPATOHACKHIIICHHOTO CIIOS TP
pacmpocTpaHeHIH BOJHBI BIIOIb
LIJTAHPIIECKON MOJIOCTH B IOPUCTON
cpene. MicxoqHblii curHaia uMeeT
OCHOBHY!0 yacToty 2 K1

Fig. 6. The influence of hydrate saturation
on the variation of pressure in the liquid
before, inside and after the hydrate-
saturated layer during wave propagation
along a cylindrical cavity in a porous
medium;

the basic frequency of the initial pressure
perturbation is 2 kHz

BectHuk TromeHCKOro rocyjapCTBEHHOI0 YHUBEPCUTETA



Yucnennoe ucciedoeanue pacnpocmpanenus 60n ¢ yuiunopuueckom ... 219

DTO comacyeTcsi CO 3HaYCHUSIMHU KOA(PPHUIIMEHTOB OTPAKEHUS!, PACCYUTAHHBIMH
JUTSL TMHEHHBIX TAPMOHUYECKHUX BOJIH B HU3KOYACTOTHOM MpeJesie sl BOJTHOBO/A B
TIOPUCTOH cpejie C TAKUMH XKe XapaKTepucTukami [1, 6].

[t uMITyIbCa ¢ OCHOBHOM yacToToi 2 KI 11 (puc. 5-6) HabmomaeTcst CyieCTBEeH-
HOE 3aTyXaHWe€ CHUTHaJa, ero ¢opMa IpH 3TOM MEHSETCsS He3HaYWTeIbHO. BumHo
HEKOTOPOE YBEIMUEHUE aMIUIATY/IbI CUTHAJIA [TPH €T0 BXOXKJICHUH B Y4aCTOK, COZEp-
KA THAPAT B OKPY’KAIOIIEM IPOCTPAHCTBE, HO OHO HE CTOJIb CYIIECTBEHHOE, KaK
B IpEABLAYIIEM cliydae. AHaTOTHUHBIC OLEHKH AJsl KOAQ(UIUEHTOB OTpakeHHUS,
MOJTY4EHHBIE TT0 MAKCUMAaIIbHBIM 3HAUCHHSIM JIaBJICHHS TIPH z = | M, Aal0T 3HAYCHHUSL:

R=0,025 npuf=2xln,s,=0,5,
R=0,05 npuf=2xkln,s,=0,8.

OTH 3HAYCHHUS TAKXKE XOPOILO COMIACYIOTCSI CO 3HaUCHUSAMHU KO (PUIIMEHTOB OT-
paKkeHUs YKa3aHHBIX 4aCTOT, PACCUNTAHHBIMHU B paMKax JHHEWHOH TeopuH [1, 6].

[IpoBeneHHble pacyeThl IOKA3aIM, YTO OTPAXKEHUE OT BTOPOI I'PaHUIIBI BIUSET
Ha CyMMAapHbIH K03()(OUIMEHT OTpa)XeHUs! OT CJIOS JIMIIbL IPU MaJIOW €ro TOJIIKHE,
MEHBIIEH, YeM XapaKTepHas AJIMHA BOJIHBI HCXOIHOTO CUTHAJA.

3ak/jaoyeHne

[IpoBeneHo YMCIEHHOE HCCIIeIOBAHNE PACIIPOCTPAHEHUS BOITH IABICHUS B IIWJIHH/IPH-
YeCKOH MOJIOCTH B MMOPUCTOM Cpelie ¢ TuApaTocoaepx aiium cioeM. [onydeHs! oreHKn
JUTs KO3(h(GUITMEHTOB OTpaXkKeHHsI BOJH Ha TPaHUIAX THIPATOCOIEPIKAIIIETO CIIOS BHYTPH
nojoctu. 3ydeHo BIUsSHUE YaCTOThI CUTHAA, TOJIIHUHBL, CTEICHHU THAPATOHACHIIICH-
HOCTHU CJIOS Ha 5BOJIFOLIMIO BOJIHBI JaBJICHUA BHYTPH ITOJIOCTH. HOHy‘-IeHHI)Ie pe3yibTa-
ThI COIVIACYIOTCS C Pe3yJIbTaTaMu PEIeHHs JAHHOW 3a/1a4H B JIMHEHHOM MPUOIIMKESHHUH.

CIIMCOK JIMTEPATYPBI

1. TybGaiinynnun A. A. PacnipocTpaHeHune TMHEHHBIX BOJH B IIHJIMHIPUYECKOM BOJHOBOJIE
B IIOPHCTOM cpejie ¢ ruaparocoaepkaiim cioem / A. A. T'y6aiimymun, O. HO. bonmpipesa,
I. H. dynxo // Tpymst MacTHTYTA MeXaHuku uM. P. P. MaBiroroBa Y ¢pumMckoro Hayq9HOTO
neatpa PAH. 2017. Tom 12. Ne 1. C. 9-14.

2. Hwurmarynun P. U. [lunamnka muorodasusix cpexn / P. U. Hurmarynun. M.: Hayxka, 1987.
Y. 1.464 c.

3. Hurmarymun P. 1. OcHoBBI MexaHuku rereporeHHsix cpen / P. . Hurmarynua. M.:
Hayka, 1978. 336 c.

4. TlyseipeB H. H. Metonp! n 00bexThI celicMuuecknx uccnenoBanuii / H. H. ITy3bipes.
Hosocubupcxk: Uzn-so CO PAH: HUI OUITM, 1997. 301 c.

5. Vaiir k. D. Bo30yxaeHue u pacrpocrpaneHue ceicmuyeckux BoaH / Jk. D. Vait. M.:
Henpa, 1986. 261 c.

6. Gubaidullin A. A. Waves in Porous Media Containing Gas Hydrate / A. A. Gubaidullin,
O. Yu. Boldyreva, D. N. Dudko // AIP Conference Proceedings 1939, 020031 (2018).
DOI: 10.1063/1.5027343

Pusuko-maTemaTnueckoe moaenuposanue. Hedrs, ras, snepreruka. 2018. Tom 4. Ne 4



Tyumen State University Herald.
220 Physical and Mathematical Modeling. Oil, Gas, Energy, vol. 4, no 4, pp. 210-221

Olga Yu. BOLDYREVA'
Amir A. GUBAIDULLIN?
Dina N. DUDKO?

UDC 532.546:534.1

NUMERICAL STUDY OF WAVE PROPAGATION
IN A CYLINDRICAL WAVEGUIDE IN A POROUS MEDIUM
WITH A HYDRATE-CONTAINING LAYER

' Cand. Sci. (Phys.-Math.), Senior Researcher, Tyumen Branch
of the Khristianovich Institute of Theoretical and Applied Mechanics
of the Siberian Branch of the Russian Academy of Sciences
timms@ikz.ru

2 Dr. Sci. (Phys.-Math.), Professor,
Department of Mechanics of Multiphase Systems,
University of Tyumen; Director, Tyumen Branch
of the Khristianovich Institute of Theoretical and Applied Mechanics
of the Siberian Branch of the Russian Academy of Sciences
a.a.gubaidullin@yandex.ru

3 Cand. Sci. (Phys.-Math.), Researcher, Tyumen Branch
of the Khristianovich Institute of Theoretical and Applied Mechanics
of the Siberian Branch of the Russian Academy of Sciences
timms@ikz.ru

Abstract

This article studies the features of pressure wave propagation in a cylindrical cavity in a porous
medium with a hydrate-containing layer. The study was carried out in the framework of a
two-velocity two-stress model of a porous medium. The authors have developed a method
of numerical solution of the two-dimensional problem of propagation of perturbations in
a cylindrical cavity and surrounding porous medium based on the Lax-Wendroff method.
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The obtained calculated data allow estimating the coefficients of reflection and passage of
waves through the boundaries of the hydrate-containing layer inside the cavity. The influence
of the signal frequency and the length of the hydrate-containing layer on the evolution of the
pressure wave inside the cavity is studied. The results of the numerical study are consistent
with the previously obtained results of solving this problem in a linear approximation.

The obtained results can be used in the interpretation of well data to clarify the position of
the boundaries of the layers crossed by the well, in particular, the hydrate-containing layer.

Keywords

Porous medium, waves, gas hydrate, cylindrical waveguide, reflection coefficient, layer,
boundary.
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