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CEeUYeHMEM 3aTOIJIEHHO MHOTO(ha3HOI CTPYU, COCTOSIIEH U3 CMECU BOABLI X HETU U coaepKaIlieit
My3bIPbKOBOE SIAPO U3 MeTaHa. [TokazaHa BO3MOXHOCTb ONpeAeeHUs] CTENIEHU pacIlupeHus CTPYH,
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BBEAEHUWE

OcBoeHNE MOPCKUX PECYPCOB 1IeJIb(hOBOIA 30HBI
0asupyeTcsi Ha MCHOOJb30BAHUMU COBPEMEHHBIX
CPeACTB U METOJ0B 3KOJOTMYECKOr0O MOHUTOPUH-
ra aHTPOMOTeHHOT'0 BO3ACHCTBHS HA OKPYKAKOIIYIO
cpeny. Hanpumep, TpaHcrmopTupoBKa HedTH U rasa
Ha 11eab¢he MOXET COMPOBOXIATHCSA aBapUsIMU, TIPU
KOTOPBIX TTPOUCXOAAT BbIOpOCHI HE(DTU U ra3a B BOJ-
HYIO Cpeay U3 MOBPeXIeHHbBIX TpyoonpoBonoB. Of-
HUM U3 OCHOBHBIX METOHOB MCCIIeIOBAaHUSI OKeaHa
aBaseTcd akyctuueckuit Meton [1]. ITo xapakrepy
pacrpocTpaHeHUsI U OTPaKeHMSsT aKyCTUUECKOI BOJI-
HBI B pe3yJbTaTe B3aUMOJIEHCTBUI ¢ HEOTHOPOIHOM
cpedoil B oKeaHe MOXHO IOJIydaTh MH(OpMAaILIAIO
0 CBOMCTBaXx Cpelbl, pelllasi TaK Ha3bIBaeMble 00paT-
Hble 3amauu [2, 3]. CocTosias u3 HedTH U Ta3a 3a-
TOMJIEHHAs CTPYsl, UCTeKalolash U3 MOBPEXIEHHOTO
TpyOOIIpOBOIa, U3-3a colepXaHus HeTH U Ta3a SB-
JIsIeTCs aKyCTUYeCKU 0oJjiee MITKOM cpefoli 1o cpaB-
HEHMIO C OKpyxXamwleil Bogoit [4, 5]. DTo gaeT oc-
HOBaHU ToJiaraTb, YTO MO U3YYEHUIO OTPaXKeHUs
¥ IIPOXOXKIEHUS BOJIH JABJIEHUS UYepe3 30HY, 3aHATYIO
MHoOroga3Hol CTpyeil, MOXHO OIIpeAeIUTh HEKOTO-
pble XapaKTepUCTUKHU CTPYH.

[anHast paboTa MOCBSIIEHA YMCIIEHHOMY HUCCIIe-
JOBaHUIO TMHAMUKU MMITYJIbCOB IaBJICHUS, OTpa-
JKEHHBIX OT TPaHUL My3bIPbKOBOI 3aBEChl, COCTOSI-
1ieil U3 BOOJOHEPTIHOM CMECH 1 ITy3bIPLKOBOTO siapa
W3 raza — MeTaHa.

[NOCTAHOBKA 3AJAYU
N OCHOBHBLIE YPABHEHMUA

ITycth Ha mHE BogoeMa M3 IIOBPEXKIEHHOIO TPY-
0ompoBOJAa NCTEKAET CMeCh He(PTU U raza — MeTaHa
B Buge cTpyii. ITo Mepe pacripocTpaHeHUsI BBEPX CTPYs
MOCTEIIEHHO pacIIMpSIETCsI U3-3a BOBJICUYECHUSI OKPY-
Kalllel BOIbI, T.€. CTPYS SIBJISIETCS Ta30XXKMIKOCTHOMU
CMEChIO, COCTOsIIEe 13 BOoAbl, He()TU U Tra3a, Npu-
YyeM My3bIPLKY raza o0pasyloT Iy3sIpbKOBOE Sapo [6].
Jutst onipenenieHUsT HEKOTOPBIX XapaKTEPUCTUK CTPYH
(cTeneHu paclIMpeHusi, 00beMHBIX COIepKaHUM ra3a
1 He(TU) PaCCMOTPUM AUHAMUKY BOJHbBI JaBICHUS
MIpYU B3aUMOIEHACTBUU CO CTPYEHt.

st ormcaHusI IpUBEIEHHOM BhIlle (pU3MUECKOM
MOJIeJIN MpeACcTaBUM CJIEAYIOIIYI0 MaTeMaTU4eCKYIO
Mozesib. PaccMoTpuM AMHAMUKY IBYMEPHBIX BOJTHO-
BBIX BO3MYLIEHUI B KaHajle [JUIMHON L, 1 BBICOTOM Ly,
3aMoJJHEHHOM BOJOU, coaepxXallleil 30Hy ¢ BOJIOHE-
bTSIHON cMechio (X,X,X,x,'), BHYTpH KOTOpPO¥i ecTh
My3BIPBKOBOE AP0 (X X,X,%X,%), cocTodLIEee U3 IIy-
3bIpbKOB MeTaHa (puc. 1). byaem nosarars, 4To 30Ha
C BOOOHE(TSIHOU CMeChIO, ColepKaliias My3bpbKOBOE
SIIPO, SIBJISIETCS CEYeHMEeM MHOroga3HOM 3aTOILIeH-
HOM cTpyu. MHUIIMUpoOBaHUE BOJHOBOTO UMITYJIbCa
B 00JIaCTM pacyeTa IMPOUCXOIUT IIPU KPaTKOBPEMEH-
HOM NOBHIIIEHUN AaBaeHus Ha rpaHuie x = 0. Tpe-
OyeTcs oIpeneanTh, KaK U3MEHSIOTCS aMIUIUTYAa,
OPOTSKEHHOCTh, (DOpMa BOJIHOBOTO MMITYJIbCa MpU
B3aMMOJICMCTBUM C 30HOMI, 3aHATON MHOTroga3HOI
CTpyeil, 1 Ha OCHOBE 3TUX JAaHHBIX OIKICATh HEKOTOPKIE
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Puc. 1. CxemaTtuueckoe n3o00paxeHue pacueTHO 00Jia-
cti. D|—Dy — 1aTuvKy DaBJICHUS.

XapaKTePUCTUKHU (CTEIIEHb pacllMpeHusi, 0ObeMHbBIE
cojepxKaHus raza u HehTH) CTPYyMU.

s onmvcaHusl BOJTHOBOTO IBVXKEHUS, TPUHUMAST
o0IIMe JOMmyIeHUs IJIST My3bIPbKOBBIX XUIKOCTE,
3aIMIlIeM CHUCTEMY MaKpPOCKONMWYECKUX YpaBHEHUIA
Macc, Y1cia My3bIpbKOB, UMITYJIbCOB U JABJICHMS B ITy-
3bIpbKax [7]

dp; Ou  Ov| .
dt+ l[8x+ay]_0 (1_15 g),
dn (0w oo\ o du on _
ar " Mox Tay) T Par Tax T
dU 3[)1_ -
P a—y*O, pP=pPgtPp (1)

— =45 tU—F+ Vv

d 0 0 0
dt Ot Ox oy

_ _ 0 _4 3
a, +a, =1, p; =p;ja;, a, =z mna,

rue p? , O, Py, B, @ — COOTBETCTBEHHO IIJIOTHOCTD,
00beMHOE cofepxkaHue i -il dhasbl, 1aBIeHUE HECY-
e’ XUIKOCTU, YUCIIO U PANNYC TTy3BIPBKOB, U U U —
MPOEKIUU CKOPOCTU HA OCU KOOPAUHAT X U ¥ COOT-
BeTCTBeHHO. HUXXHUMM uHIeKcaMu i = [, g OTMEUEHbI
napaMeTphl XKUIKOM 1 ra30BoM (a3s.

byneMm moJarath, 4To Xuakas dasa B obJiacTu
CTPYH COCTOUT U3 CMeCH He(TH 1 BOIBI C 00bEMHBIMU
COIEPKaHUSIMMU Q5 U Oy, TOITOMY TUIOTHOCTD XKUIKOCTU
3aMuileM B BUIE

0 0 0
P = 0Py T CyPy,-

IIpu onucaHuu paguaabHOIO ABUKEHUS BOJIU3U
My3bIpbKOB OyZeM IoJlaraTh, YTO W = W, + W , Tl€
Wg OIpemessieTcs U3 ypaBHeHUs Panes—Jlamba, w
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ornpeaesieTcsl U3 pellieHus: 3amauu o chepruyeckoi
pas3rpys3ke Ha cepe paguyca a B HECYLIei XXKUAKOCTU
B aKyCTUYECKOM MPUOJIMXKEHUU:

pg _p[

Ps — P
+4V]—:—0, WA: L !

0 3
P; Py Cla};/

Toe Vv, =0,V +0o,V, BS3KOCTb XHUIKOCTH,
¢ =a,C, +a,C, — CKOPOCTb 3ByKa B BOIOHEPTA-
HOI cMecCH.

bynem nonarate, 4To XMUAKOCTD SIBJISIETCS AKyCTUYE-
CKM CXMMAaEeMoIi, a ra3 — KaJOPUYECKU COBEPILIEHHBIM,

2,0 0 0
= po +Ci (P —pig),Pg = PgBT,,

rame B — razoBas IocTosIHHasA. 31eCh U B AaJbHEUIIEM
HIDKHUM nHIeKC 0 OTHOCUTCS K HadyaJIbHOMY HEBO3MY-
IEHHOMY COCTOAHUIO.

VYpaBHeHUe M AaBlieHUsS BHYTPU MYy3bIPbKOB
C YYETOM OTHOPOIHOCTH NaBJICHUS 3alMChIBAETCS
B BUzE [7]:

dp, 3y, 3(y-1)
dt  a W= a 4

HMHaTeHCUBHOCTh MeX(a3HOro TerI000MeHa IpU-
MEM B BUIIE:

g N =)
2a ’
rIe TeMIeparypa Xuakoctu 7, = const.
UYwucna Hyccenpra u [lexiie umeror Bum:

4 _ [Pe, Pe > 100 Pe— 12— 1)1 alw|
10, Pe < 100 T, —T| %’
A
Kg: g .
CgPg0

MeToauKa YUCAEHHOIO PeLeHUs 3a0a4y OnmrcaHa
B [8].
HAYAJTBHBIE U TPAHUYHBIE YCIIOBUA

YcnoBus ripu ¢ = 0, COOTBETCTBYIOIINE MCXOTHOMY
COCTOSIHUIO CUCTEMBI, COCTOSIIIEeH 13 001acTel BOMBI,
BOHOHE(MTIHOM CMECH M ITy3bIPLKOBOIO Spa, pa3ae-
JICHHBIX TPAaHUIIAMU C HAKJIOHOM, 3aIIMIITYTCSI B BUJIE:

u :UIO,pl :p05pg :pOaa:a()sw :03
0
Tg =Ty, p= plO(l_(ng)v
Ao +a00’(x’y> € Q]a

o;, =
! aw()a(xay) € Qla
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" och,(x,y)EQz,
£ Os(xsy) g 923

0<y<L,
Q=7 - L / vy L
x| — Lyy(xl xl)§x§x2+ Lyy(x2 xz),
0<y<L,
Q, = y—L y—1L
2 xf 7 y(xl—xlg)gxgx2g+ 7 y(x2 x2>
y y

HMHunuupyioiiee BO3MyIIeHIE TaBIeHUS Ha Tpa-
HULIE My3bIPbKOBOM XUAKOCTH (X = 0) 3agaeTcs B BUE
KOJIOKOJI000pa3Horo umiynbca. CooTBETCTBYIOIIEE
TPaHUYHOE YCIIOBUE 3AITMIIETCS B BUIE:

t—1t)2

2
/6 J , 0<t <ts

o ove |
pi(ty)= ’ ’

b

po,t>t*

npu x = 0, rae Ap, — aMIUIMTYIA OABJIECHUS, Fx — Xa-
pakTepHasl IPOTSLKEHHOCTh MITy/Ibca. Ha rpanuiax
y=0wuy= L, pacueTHO! 00IaCTU PUHATBI YCIIO-
BUS KakK Ha XKECTKOM CTeHKe, T.e. paBEHCTBO HYJIIO
HOpPMaJIbHOW KOMITOHEHTHI CKOpOCTH. Ha rpanwmiie
x = L, 3amaeTcsl HeoTpaxalolliee TpaHMYHOe yCI0BHe
Ha OCHOBE MMIIEIAaHCHOTO COOTHOIIEHUS [9].

PE3VJIbTATbBI PACHETOB

[Mox meiicTBMEM TPaHWUYHOTO JABJIEHUS B KaHa-
Jie hopMUpyeTCs KOJIOKOJIOOOpa3HBINt UMITYJIbC TaB-
JIEHWs aMIUIMTYIoi 5 6ap, pacnpocTpaHSIIOIINACS
o HampapiieHuto ocu Ox (puc. 2a). I1pu B3aumoneii-
CTBUM MMITyJibCca C TpaHULIAMU “BOAa—BOIOHEPTSI-
Hasi cMech” U “BOJOHE(MPTIHAST CMEChb—Ta30XKUIKOCT-
HOe SAp0” MPOUCXOIUT €ro YaCTUYHOE OTPaKEeHUeE,

T'MMAJTAWUHOB u ap.

KOTopoe 1151 00eux TpaHUIl aHAJIOTUYHO OTPaXKeHUIO
oT cBoOomHo# nmoBepxHoctu [10] (puc. 20), T.e. BO-
ToHedTsIHas 30Ha aKycTU4eCcKU OoJiee MATrKas cpena,
yeM BOJia, a My3bIPbKOBOE SIAPO aKyCTUYECKU OoJiee
MSTKOE, YeM BoJoHedTsIHAsl cMeCh. B nanbHelem
UMIYJAbC MPOXOAUT Yepe3 I'PaHUILbl “Ta303KUIKOCT-
Hoe SIApO—BOAOHE(PTIHASI cMech” U “BomoHe(TSIHAsS
cMecb—Boaa”. Ha aTux rpaHuLiax oTpaxkeHre UMITYJIbca
AQHAJIOTMYHO OTPaXK€HMIO OT XecTKol cteHKu. Ha puc.
2B BUJHbBI OTPaXKEHHbIE BOJHBI OT TPAHUI] Ta30XKUI-
KOCTHO 30HbI, pacpOCTpaHsIIOLIMECs K TPaHULIE X =
0, 1 mepBOHAYAJIbHBII UMITYJIBC, PACIIPOCTPAHSIIOLINIA-
Cs B MOJIOXKUTEJIbHOM HarlpaBieHuu ocu Ox.

Ocunnorpammel A gatyukos D, D,, D, nipen-
cTaByieHbl Ha puc. 3. [Ing natumka D, IepBBIi BCTUIECK
(3m1opa i) COOTBETCTBYET NEPBOHAYATHLHOMY UMITYJIbCY
amMIuiaTynou 5 6ap. Ilociae B3aumoaeiicTBus ¢ rpaHu-
el “Boma—BogoOHE(TIHASI CMEChb—ITy3BIPEKOBOE SIAPO”~
MMITYJIC OTpaxKaeTcsl KaK oT cBOOOAHOM rpaHuibl [10]
¢ aMIIuTyznoi okoso 0.5 6ap — curHaz r,, fajee uM-
MyJbC OTpaXkaeTcs OT TPAaHUIBI “Ta30XUIKOCTHAs
cpena—BomoHe(dTsIHass cMeCb—BoJa” KaK OT TBEpHaoi
CTEHKU — CUTHAJ .

Kax 6b110 0OTMEUeHO BhbIllIe, OTPaK€HHbIN CUTHAJ
r| SBJISIETCH BOJIHOM pa3peXeHUs U3-3a MEHBIIEro
3HAYE€HUS aKyCTUYECKOTO COMMPOTUBIICHUS 30HBI, 3a-
HSITOM MHOTO(a3HOM CTpyeil, 1o CpaBHEHUIO C aHAJIO-
TMYHBIM 3HAYEHUEM 151 BoJbl. YeM OoJibliie paccTosi-
HUE OT JaT4yuKa A0 TPAaHULBI Ta30KUIKOCTHON 30HBI,
TEM TI03X€ OTPaXXEHHBIU CUTHAJI JOXOMUT 0 JaTYn-
Ka. ITo BpeMeHU MosIBJIeHUSI OTPaKeHHbBIX CUTHAJIOB
IO TaTYNKOB MOXHO CYIUTh O CTEIICHU PACILIMPEHUS
CTPYyU, TIPU YCJIOBUHU, YTO PACHOJOXEHNE NATIYNKOB
no ocu abcuucc oguHakoBo. Kpome 3TOro, mno Bpe-
MEHHOMY ITPOMEXYTKY MEXIY OTPaXKCHHBIMU CUTHA-
JJaMU F|1 ¥, MOXHO PACCUUTATh M1OJOXEHUE IPAHULL,
€CJIM U3BECTHBI TTapaMeTPhl TA30KUIKOCTHOU CMECH.
OTMETHM, YTO aMIUINTYy[a OTPAXKEHHBIX CUTHAJIOB F,
pacTeT ¢ yBeIUYEHUEM KOOPAUHATHI Y, T.€. JATUYUK
D, peructpupyeT CUTHAI F,, OOJNBIIUIN MO aMILTATY-
Ie, yeM peructpupyet natuuk D,. Takoe yBeandyeHue

(6)

Puc. 2. Dmopsl maBieHus B MOMeHTHI (a) — 1.62 mc, (6) — 2.5 mc, (B) — 3.5 mc. ITapameTpsl pacyera: XXHUIKOCTb — B 00-
JIACTH Fa30XUAKOCTHOI 30HBI: CMeCh HE(DTH 1 BOJIbI ¢ OGBEMHBIMU CONEPKAHUAMU O, = 0.75 u a,,o= 0.25, ra3 — meTaH:
@y =0.001, @ = 1.25 MM, x; = 2.95 M, X, = 3.05 M, xJ= 3.3 M, x{= 2.7 M, x§ = 3.2 M, xf = 2.8 M, Apjy= 0.5 MITa, p,) = 830 kr/m’,
0,0 = 1000 kr/™M>,v, = 102 m?*/c, v, = 10~° m*/c, C,= 1225 m/c, C, = 1500 m/c, p, = 50.19 /™%, ¢, = 2220 Ix/xr K,

A,=0.03 Br/m K, T, = 300 K, p,= 7.0 MIla.
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Puc. 3. OcumnnorpamMmsl uig natuyukos D, D,, D|, ume-
01X KoopauHaTthl (2;2), (2;1) u (2;0) M, OykBamu r,
U r, 0003HAYEHBbI CUTHAJIbI, OTPaXXEHHBIE OT I'PAHULL
“Boga—BoJIOHE(TSIHAs CMECb—Tra30KUIKOCTHOE SIApO”
U “Ta30XUIKOCTHOE SIIPO-BoAOHE(TSIHAsI CMeChb-Boaa”.
Bce mapaMeTpnl Takue Xe, Kak IS puUc. 2.

AMIUIATYIBI CBSI3aHO C TEM, YTO BPEMS IIPOXOXKICHMUS
UMIYJbCOM Y3KOW 00JIaCTU CTPYU MEHbIIIe BPEMEHU
MPOXOXIESHUS IIMPOKOUN YacTu U, ClIeAOBaTEJIbHO,
MOSBJISIETCSI BOJIHOBOE OBUXKEHUE, HAIIpaBIIEHHOE
BBEpPX MO KOOPAMHATE ¥, YACTU UMIIyJIbCca, KOTOPBII
MPOXOIUT B 30HY CTpyU. Jlasee MpOUCXOaUT HaloXKe-
HUeE BOJIH, IMPOIIEIIINX Yepe3 IMIMPOKYIO YaCcTh CTPYH,
¥ BO3MYIIIEHUI, KOTOPBIE YK€ MPOILILJIN Y3KYIO 4acTh
CTPYM U PACIPOCTPAHSIIOTCS BBEPX MO KOOPAUHATE Y.
Kpome atoro, otMmeTuM, 4T0 001aCTh MHOTO(A3HOM
CTPYM U3-3a aKyCTUYECKOM MSITKOCTHU IO CpaBHe-
HUIO C OKpYyXalolleil Bomoii o0JiagaeT CBOMCTBAMU
MOABOAHOIO 3BYKOBOTO KaHaia [11], T.e. BOMTHOBEBIE
BO3MYIIECHUS MIPU MaJeHUU MO YIJIOM Ha TPaHULIbI
“IIy3BIpbKOBOE SIIPO—BOAOHEPTIHAs cMech” U “BO-
JToHe(dTsIHAasg cMechb—BOJa” MPOXOISAT 3TU TPaHU-
bl He3HauuTeabHo. Ha puc. 4 npeacraBiaeHo moJie
CKOpOCTEi, U3 KOTOPOIro CleAyeT, YTO B MOMEHT
2.8 Mc MosIB/IsIeTCSsl BOJIHOBOE ABMXKEHUE, HAalpaBJIeH-
HOE BBEpX M0 KOOPAMHATE Y.
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Puc. 4. IMone ckopocreit B MoMeHT 2.8 Mc. O6beMHOE
comepxanue rasa 0, = 0.01. OcTabHbIe TAPAMETPbI TAKKE
XKe, Kak Ha puc. 2.
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Puc. 5. OcumuiorpaMMbl OTPaXkeHHBIX CUTHAJIOB IS
natyuka D;: XMpPHBIE IMHUU COOTBETCTBYIOT 0OBbEeM-
HOMY COJepXXaHUIO ra3a B My3bIpbKOBOM sifipe (a) —
ag, = 0.001 1 (6) — a,,= 0.01, TOHKME JIUHUHU COOT-
BETCTBYET CIydalo OTCYTCTBUS Iy3BIPHKOBOTO SIIpa
B cTpye (0, = 0). O6bemHOE comepxaHue HedTU
U raza B obsactu MHorodasHoi ctpyu: a,, = 0.75,
a,0= 0.25. OcranbHble MapaMeTpbl TaKue Xe, Kak
Ha puc. 2.
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Puc. 6. To ke, yto Ha puc. 5. ZKupHast TuHus Ha 00enx
KapTUHKAX COOTBETCTBYET CITydalo, KOTIa 00beMHast TOJIsT
HedTH B XUAKO# dase My3bpbKOBOK 30HBI O,y = 0.75
(a,=0.25), ToHkasa — a,, = 0.25 (a,,, = 0.75). O6BEM-
HOE coziepxkaHue rasa (a) — o,y = 0.001, (6) — a,,=0.01.
OcTasbHbIe TapaMeTphl TaKKe Xe, Kak Ha puc. 2.

Bnusinue o0beMHOTO colepkaHus ra3a B My3bIpb-
KOBOM sIIpe Ha IMHAMUKY OTPakeHHBIX CUTHAJIOB
OT rpaHuIl MHOTOMa3HOM CTPyHM ITOKa3aHO Ha puc. 5.
Hist MasibIx OOBEMHBIX COlepKaHMil rasa o, < 0.001
HaJIMYHe ITy3bIPhKOBOTO SApa MTPAaKTUIECKH HE BIUSICT
Ha IMHAMUWKY OTPakeHHBIX OT TPAHUIl CTPYW CUTHA-
JIoB (pHuc. 5a), B 3TOM cjly4ae OTpakKeH1e BOJIHOBOTO
UMITyJIbca MTPOMCXOIUT Ha IpaHUIaX “Boja—BOJOHE-
(rsanast cMech” U “BogoHedTsIHas cMecb—Boaa”. Tak
KaK aKyCTUYEeCKMIi MMIIeaHC BOIOHE(MTIHONW CMECHU
MEHBIIIE, YeM aHAJIOTMYHBIN IMapaMeTp Y BOIBI, TO MM-
MyJIbC OTpaxaeTcs KaK OT cBOOOmHOM rpaHusl [10].
B ciayyae Gosbliiero o0beMHOIO COIAEpXXKaHUS rasa
B MY3BIPbKOBOM SIIPE Olyy = 0.01 (puc. 56) u3 aHanuza
OTPaXX€HHOTO CUTHAJIA | CIEAYET, YTO CHayanaa BOJHO-
BOI MMITYJIbC OTpaxKaeTcsl OT IPaHUIIbl “BOIa—BOJOHE-
(TaHas cMech”, a TOTOM OT rpaHUIIEI “BOmXOHEMTIHAS
CMEChb—ITy3BIPBKOBOE SIAPO~ . AMIUINTYIA OTPaKeHHO-
ro CUrHajia Ha rpaHulie “Boma—BoAoOHEedTsIHAS CMeCh”
npubau3uTenabHa paBHa 0.5 6ap, gajee curHaja oTpa-
>KaeTcsl OT My3bIPbKOBOTO SiApa, MO3TOMY aMILIUTYAa
OTPaXEHHOTO CUTHAaJja #; JOCTUTaeT 3HayeHus 1 6ap.
AMIUIUTYAA OTPaK€HHOTO CUTHasa F, TPU HaJTUYUU

T'MMAJTAWHOB u ap.

ITy3bIPEKOBOTO SIApPA MTOCTUTAET 3HaUeHU 2 6ap. Takum
00pa3oM, aHaJIM3UPYS OTPaKEHHbIE CUTHAJIBI OT MHO-
ro¢a3Hoil 3aTOIJIEHHOU CTPYM, MOXHO MPUOIU3U-
TE€JIbHO OMNpeNeIuTh 00beMHOE CoaepkKaHue HeDTU
U rasa B 30HE CTPyH.

C yBenumuyeHUEeM OOBEMHOTO ColepKaHUus HedTU
B 30He MHOTO(A3HOW CTPYHW aMILIUTYIbl OTPaKeH-
HBIX CUTHAJIOB 7| U F, [U1s1 00BEMHOTI'0 COJEPXaHMUsI ra3a
= 0.001 He3HAUMTETBHO YBEIUIMBAIOTCS (pHC. 6a).
B ciyuae a,,= 0.01 yBenmueHue noau HehTH IPUBOAUT
K TOMY, YTO OTPaKEHHBII CUTHAJ F; CTAHOBUTCS 3aMeT-
HBIM, aMILUIUTYyHa ero coctapisgeT 0.5 6ap. B ciyuae
MaJioit 101 HeTU B 30He MHOTO(Ma3HOI CTpyu NpuU
= 0.01 ummysIbC HE YyBCTBYET IrPaHULIBI “BOJAa—BO-
JToHe(MTsIHAs cMech”, OTpaXkeHUE MPOUCXOAUT TOJIBKO
OT ITy3BIPBKOBOTO SIIIpa.

3AKIIIOYEHUE

HMccnenoBaHa AuHaMMKa BOJHOBOIO HMMITYJIbCa
B KaHaJIe, coAepKallleM Ta30XMIKOCTHYIO 30HY, IIpe/I-
CTaBJIAIONIYI0 CO0OIf ceueHrUe MHOroga3Hol 3aTo-
MJICHHOW CTPYH.

YcraHoBieHO:

1) o aHANIM3y BpeMEHU IIPUX0a OTPaKeHHBIX CUT-
HAJIOB MOXHO OIPEeIUTb CTENIeHb PACKPBITUS CTPYU;

2) 10 aMIUIMTYAE OTPakK€HHBIX CUTHAJIOB MOXHO
NPUOIU3UTENBHO ONPENLTIUTh OOBEMHOE COEPKAHUE
HedTH 1 ra3a B 30He MHOro(pa3HoOIi CTpyHu;

3) MHorodas3Hasl 3aTomnjeHHas CTpysl objamaer
CBOICTBOM aKyCTHUYECKOIO BOJIHOBOJA.

PaboTa BeImOJIHEHA IIPU MOAAEPXKKE TOC3aTaHuUs
MunoopHayku P® Ha teMy “Pa3paboTka u co3gaHue
MaJIOTOHHAXXKHBIX IIPOAYKTOB M peareHTOB (MHTUOU-
TOPHBI KOPPO3UHU U COJIEOTIIOKEHUS, aHTUOKCHUIAHTHI,
OMOUMILI, TPUCAIKK U AP.) IS IIPOIecCOB HedTera-
30XMMUU U OYUCTKU BOAHBIX Cpell OT 3arpsI3HEHUN,
3aMelIaloNINX UMIIOPTHBIE BellleCTBA M MaTepualbl.
TeopeTnueckue M 3KCIEpUMEHTANIbHBIE TTOIXOIbI
(FEUR —2023—-0006)".
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Acoustic Diagnostics
of Underwater Emissions Propagating
in the Form of a Multiphase Jet
I. K. Gimaltdinov', M. V. Stolpovsky!, E. Y. Kochanova!
'FSBEI HE Ufa State Petroleum Technological University, 450064, Ufa

iljas_g@mail.ru

The interaction of a pressure pulse with a gas-liquid zone, which is a section of a flooded multiphase
jet consisting of a mixture of water and oil and containing a bubble core of methane, is numerically
investigated. The possibility of determining the degree of expansion of the jet, the volume content of oil

and gas in the jet from reflected signals is shown.

Keywords: pressure pulse, reflection from boundaries, multiphase jet, gas-liquid zone, mixture of oil and

water
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