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AnHoTanusa

UccnenoBana quHaMuKa UMIIYJIBCHOTO CATHAJIA, PACHPOCTPAHAIONIETOCH IO YTJIEBOJIOPO/-
HOH KUJKOCTH, KOTOPOH 3aIojHeH HedTenpoayKTonpoBod. llocienuuit Haxogurcss B TpyHTE
U UMeeT YYacCTOK, IOJBePKeHHbI Koppo3uu. llomaraercs, 9To JjnHa BOJIHBI CKAHUPYIOIIETO
AMITYJIbCA MEHBIIE JJIMHBI TOPAXKEHHOI'0 yYaCcTKa U YTO MHTEHCUBHOCTD YTEUKH YTJIEBOIOPOI-
HOM YKUJIKOCTHU MOJTHOCTHIO JIMMUTHUPYETCS IPOHUIAEMOCTBIO IpyHTa. lloydensr gucuepcuon-
Hble BBIParKeHUs JJIsI PACIHPOCTPAHEHUs! MMITYJIbCHOI'O CUTHAJIa Ha yYACTKe C KOPPO3MOHHBIM
noBpexienreM. [[poanan3upoBanbl 3aBUCUMOCTH (ha30BOM CKOPOCTH, KOIDMUIINEHTa, 3aTyXa~
HUASA 1 KOIDDUIIMEHTA OTPAKEHUs HA TPAHUIIE TTOBPEXKIEHHOTO YYACTKA OT YaCTOTHI CHUTHAJIA.
VccnenoBano BustHEE paguyca KaHaja U IPOHUIIAEMOCTH I'PYHTa Ha KO3 DUINEHT 3aTyXaHu],
a TakKe BJIUsIHUE PAJINyca KaHaa Ha (Pa30BYI CKOPOCTb.

KutroueBsble ciioBa: nMiryiibc, TpyOOIIPOBO/L, XKHUIKOCTh, (DUIBTPAINs, TPYHT

Bsegenue

Jlj1st TpaHCIIOPTUPOBKH ChIPOil HePTH U HePTEIPOLYKTOB U3 PAOHOB JOOBIYH, IIPO-
M3BOJICTBA U XPAHEHUsI JI0 MECT MOTPEOJIeHNUsI, TAKIX KaK HedTeba3bl, IIYHKTHI Pa3/inBa
B [UCTEPHBI ITPOMBINLIEHHBIX MPEANPUATAN Wi HedTermepepadaThBAIINX 3aBOIOB
UCIIOJIB3YIOTCA HeTenPOLyKTOIPOBOILL 1], KOTOpBIE XapaKTepU3yIOTCsl 3HAYUTEIILHOM
IPOTSXKEHHOCTBIO JIMHEHHO YacTu (IecsaTKU KUJIOMETPOB), BBICOKOII IIPOILYCKHOII CII0-
cobHocThIO, muamerpamu Tpy6 oT 30 10 140 cM, TONMIIMHON CTEHOK TPYO, onpeesseMoil
IIPOEKTHBIM JiaBjienueM or 1.2 mo 10 MIla.

IIpobiemamu sxcITyaTanun HeTEIPOIYKTOIPOBOIOB SBJISETCsI CBOEBPEMEHHOE 00~
Hapy2KeHIUEe MeCTOHAXOXKJIeHUs MOBPEXKJEHHBIX YYaCTKOB, UYepe3 KOTOPbIE IIPOUCXOIAT
YTEUKHN KUJIKOCTH, 3arPA3HSIONINE OKPYKAIOITyio cpey. HemocraTkn COBpeMeHHBIX Me-
TOJOB MOHUTOPHUHIA COCTOSHUS II€JIOCTHOCTH HEMTENPOILYKTOIPOBOJIOB CBA3aHBI C Ma-
JIOIl OTIEpPaTUBHOCTBIO OIIPEIEJIEHNs ITOBPEXKIEHHOTO yYacTKa, JOPOTOCTOAINM 060py-
JOBaHUEM.

IIpencrasiisiercs, 9T0 METOJI AKyCTHIECKOTO CKAHUPOBAHWS, MPEIIIOJIATAIONIAN CO-
3JIaHUe MMITYJIbCHOTO CUIHAJIA KOHEYHOM JJINTEJbHOCTH B YKUAKOCTU (HALIPUMED, C II0-
MOIIIBIO TIOPIIHEBO} CHCTEMBI), IO3BOJIUT AHAJIU3UPOBATE JedeKThl TPYO AUCTAHIOHHO
C TIOMOTIIHIO CUCTEMbI KOHTPOJIS C MCIIOJIb30BAHIUEM OCODEHHOCTEH 3aTyXaHus CKAHUPY-
IOIIEro UMITYJILCHOT'O CUTHAJIA IIPU PACIIPOCTPAHEHUU II0 2KUJKOCTH U JHUCIIEPCAN TOTO
CUTHAJIA HA TOBPEXKJICHHOM yJIacTKe. Teopust aKyCTUIeCKOIO CKAHMPOBaHus TPyO 06cai-
HBIX KOJIOHH He(MDTAHBIX M ra30BbIX CKBAXKUH IPEJCTaBjeHa B paborax [2—7], HazeMHbIX
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Puc. 1. Cxema TpyObI ¢ TPOTSIKEHHBIM TTOBPEXKJICHHBIM YIACTKOM

Tpy6orpoBosios B [8, 13]. B paborax [9, 10] noka3aHo, 4T0 ¢ MOMOIIBIO HHTEJIEKTYAIb-
HOI1 cucreMbl KOHTPOJIst [11, 12] MOXKHO «yJIOBUTB» yTeUKy B TPYOOLPOBOJE HA PAHHUX
CTaNAX MMAJEHUS JABJICHUS 110 UMITYJIHCAM, OTPaXKEHHBIM OT IIOBPEXKJIEHHOI'O y4IacTKa.
B paGore [14] paccMOTpeHO aKyCTHIECKOE CKAHUPOBAHKE TI0[3eMHOTO TPYOOIPOBOIA, 3a-
HOJIHEHHOI'O YKUJKOCTHIO (MM Ta30M), B JVIMHHOBOJIHOBOM IIPUOJIMKEHUN, KOLJA JJIMHA
BOJIHBI CKAHUPYIOIIETO UMILYJIbCA TPEBOCXOIUT JJINHY MOBPEXKICHHOIO YIaCTKa, U yIa-
CTOK TPYOOIIPOBO/A C TIOBPEXKICHUEM MIPUHSIT 38 OTPAYKAIONLYIO IIOBEPXHOCTD.

B nacrosimeit pabore uccieayercs IMHAMAKA aKYCTUIECKOTO UMIIYJIbCA B IIO/I3EMHOM
HePTEIPOIYKTOIIPOBO/IE, UMEIOIIEM ITPOTSKEHHBIN [IOBPEXKIEHHBIN yIaCTOK.

1. IlocranoBKa 3amayu

Wsyvaercsa ropusoHTAILHBIA 110/Iy6ecKOHeUHbIH TpyOUaThlil Kanaa (HedrenpomyK-
TOIIPOBOJL), OKPY2KEHHBIN [IOPUCTOI CPEJION U COMEPIKAIIUI IOBPEXK ICHHBI yYaCTOK, 110-
paxkeHHbLt Kopposueil (puc. 1). B ucxonuom cocrosinnu (¢t < 0) BHE KaHAJIA HOPMAJILHOE
aTMocdepHOe JaBJIEHNe PABHO P, , CAM KaHAJ 3aIO0JHEH YIJIEBOIOPOIHON KUJIKOCTHIO,
JIABJICHUE B KOTOPOM TOYKE PABHO Pg: Po = Pq -

IIpeamonaraercs, 9T0 B HAYAJIBHBIN IEPUOJT HA TPaHUIE He(DTEIIPOIyKTOIIPOBOIA CO-
3718€TCs UMILYJIbCHBIH CUIHAJ KOHEYHOM JJIUTeIbHOCTH ¢ JAyinHOoi BoJHbL A (A = C'At,
C' — ckopocThb 3ByKa, At — BpeMeHHasl IPOTIKEHHOCTb CUTHAJIA), IPEBBIIIAIONIEH 1ua-
metp KaHasa (A > 2a) [15]|. VIMImysibCHBIH CUTHAM PACTIPOCTPAHSETCS B JKUKOCTH BJIOJIb
HedTEPOYKTOIPOBO/IA B BUJIE ILJIOCKOOIHOMEDPHOI BOJIHBI BJ0JIb ocu Oz.

Ha 3aryxanue mMITyJIbCHOTO CUTHAJIA, BJIUSIET CHUJIA BI3KOT'O TPEHUS YKUJIKOCTHU, KO-
TOpasl TPOSIBJISIETCS B TOHKOM IOTPAHUYHOM CJIO€, BOJIM3M MOBEPXHOCTH CTEHOK Ka-
HaJa, IOITOMY JJisi FADMOHMYECKHUX BOJIH JOJKHO BBINOJHATHCs ycsoBue (8, 13, 14]:
a > 2\/v/w, tae v — Ko3bOUIUEHT KHIHEMATHIECKON BI3KOCTH JKUIKOCTH, W — KPY-
roBasl 4acTOTa.

Tlonaraercst, 9To JyIMHA BOJIHBI CKAHUPYIONIEIO HMMITYJILCA MEHBINE MPOTIKEHHO-
cru nospezkaennoro yuacrka [(D(\ < (D), Tiny6una nporukrOBeHuSs (hUIBTPAIIOH-
HBIX BO3MYIIEHUN B TPYHTE IPU PACIPOCTPAHEHWN BOJH B KaHAJE OT IMOBPEXKIECHHOTO
yJacTKa 3HAUUTETBHO MEHBIIEe, YeM JINHEWHbIE PACCTOSHUS IIOBPEXK JEHHOH IIOBEPXHOCTH
Ha CTeHKe KaHaJa.
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Ha puc. 1 npeacraBiieHbl JaTYNKH-aHATU3ATOPBI curHaIoB Dy, Do, D3, Dyu Ds,
a TaKKe YKa3aHbl 30HBI JJIsi UMITYJIbCHOTO CATHAJIA!

1) =l <2z <0;

2) 0 <z <@

3) 1D < 2 < o0,
e 3oma 0 < z < 19 — noBpexIeHHBIH yIacTOK. I PAHHIS MOBPEXKICHHOTO YIaCTKa
z2=0u z =1 npumem 3a 0TparKAIONIE TOBEPXHOCTIL.

2. MaremaTrudyeckasi MOJIeJIb

CucreMa OCHOBHBIX YPaBHEHHUI, OIUCHIBAIOIIAS PACIIPOCTPAHEHNE UMITYJILCHOTO CUT-
HAJIa TI0 KAHAJLY, 3aII0JHEHHOMY KHUJIKOCThIO Ha MOBpexkIeHHOM yuacTke (0 < z < [ (@) ),
BBIpazKaeT 3aKOHBI COXPAHEHUs MacC M UMIIYJIbCa U B OJHOMEPHOM CJIydae MMeeT BU/I

13, 17]

1 9p ow _ 2puf gy 8p /Ot kgypoC?
_ — == 1
02 at +pPo 5 62 a U = M anr o dr, Kgr Mg il 3 ( )

rIe p U w — BO3MYIIEHUsS JaBjeHust u ckopoctu, C' — CKOPOCTb 3ByKa B KUIKOCTH,
U — CKOPOCTh (PUIIBTPAIAN KUJIKOCTH B TPYHT, (3 — OTHOCHTEJIbHAS ILIOIIAIb TOBEPX-
HOCTH TOBDPEXKJICHUH, Kgr — KOIDOUIMEHT NHE30IPOBOTHOCTH TPYHTA, Kgr U Mgy
KO3 OUIUEHTHI TPOHUTIAEMOCTH W TTOPUCTOCTU TPYHTA COOTBETCTBEHHO;

ow

ow 20 o Bw/aT
Po ot

9 _ _
+$— — J—\/ﬁ \/7d u—po, (2)

rle 0 — KacaTeJbHOe HallpsrKeHHe Ha TMOBEPXHOCTH CTeHKH KaHaJa, BhIPasKeHWe I
KOTOPOTO 3aIMCaHo cormacHo (8, 13, 14, 16].

Ha rpanunax moBpexieHHoro yaactka z = 0 u z = (9 [10/KHbBI GbITH HEIPEPBIBHbI
BO3MYIIEHUS JAaBJICHAS U CKOPOCTU

1 ~ 2 = 1 ~ 1 =
p( ) \zzoz b, P( ) |z:l(d):p7 w® |z:0: w, w® |z:l<d>= w, (3)
rjae ﬁ U W — BO3MYIIEHUE JABJIEHUSI M CKOPOCTU HA OTParKaromeit rpaHHue z = 0;
D U W — BO3MYIIEHHE ,IL&BJIGHI/IH U CKOPOCTHU Ha OTpazKalolllell rpaHule 2 = 7 . 3necn

u jasee BepxHuMu uHuekcaMu “(1)” u “(2)” oTMedeHbl BO3MYIIEHUsI JJIsl ABJICHUS D
¥ CKOPOCTH W COOTBETCTBEHHO Ha yuyacTkax — < z < 0 u I(D < z < c0.
Perenus cucremsl (1)—(2) umem B Bijie 3aTyXaroMuX FApMOHAYECKIX BOJIH

p=A,expli(Kz —wt)], w=A,exp[i(Kz—wt)]. (4)

Bnech K = k+id — Bosmosoit BekTop, i = v/—1, A, 1 A, — aMIUTETY/IBI BO3MYTIEHUI
JIQBJIEHUST ¥ CKOPOCTH COOTBETCTBEHHO.

TTocsie HecsoKHBIX npeobpazosanuii cucremsl (1)—(2) ¢ yuerom (4) moaydaem Juc-
[EPCHOHHOE yPABHEHHE HA ITOBPEXKJICHHOM yYacTKe

W 1 [2v . ﬁmgr Zng .
Kfic 1+a\/w(1+z) 1+ . 1/ " (1+414) |, (5)

rie 3Haku “+7 m ‘-’ mepes MpaBoil YaCThIO COOTBETCTBYIOT BOJIHAM, PACIPOCTPAHSIO-
IUMCS CJIeBa B MPABYI0 CTOPOHY M CIPaBa B JIEBYIO CTOPOHY; G — PAJNYC KAHAJIA;
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Puc. 2. ®azoBas cKOpocTh (Crutomuas Juausa) U Ko3hhUIMEeHT 3aTyxanus (IyHKTHPHAS JIA-
HUs1) B 3aBUCHMOCTHU OT YaCTOTBI HA TIOBPEKICHHOM Y9IACTKE JJIsl PA3JINIHBIX PAILYCOB KAHAJIA,
3amnojiHeHHOro Kepocuuom: juauu 1-3 a = 0.3; 0.5; 0.7 m

BEJINIUHA aEZ )) = /V/w BBIPAKAIOT XAPAKTEPHYIO TJIyOUHY IIPOHUKAHUS ITOIEPETHBIX
BOJIH B BA3KOIt 2Kuikoctu [15]. 13 ypasuenus (5) npu S = 0 nosy4aercs JUCIEPCUOHHOE
ypasnenue [13] as son —1 < 2 <0 u [(D < 2 < 00,

s koaddunmentos orpaxkenus N u N, npoxoxaeans M u M uMITyJIbCHOrO
CHTHAJIA OT TPAHUI[ MOPAXKEHHOT0 KOpposmeil yuactka z = 0 u z = (9 ¢ yuerom
ycosust (3) nmeeM

v [2Kgr .
D= 14 Bmer [P g )
a w

B kauecTBe IMArHOCTHYECKOTO CUTHAJIA HUCIOJB3YETCS JIABJIEHUE KOJIOKOJOOOPA3HOM
dopMbl ¢ amuTyI0i Apg :

2
t—1t
PO = Ap(t) = A - 0
p p(t) = Apo exp (AtO/G

s pacueTa paKTOPOB, HCKAXKAIOIIUX MMITYILCHBII CUTHAJ IIPU PACIPOCTPAHEHHUHU II0
KaHaJLy, MCIIOJIb30BAINCH Ipeobpasosanne Pypbe [18] u mporpaMma GBICTPOrO mpeod-
pa3oBaHus Jis YUCIeHHON peasm3anuu [19, 20].

3. PesyabTraThl pacueToB

Ha puc. 2 nokazano Bimsinue pajmyca KaHaja Ha 3aBUCUMOCTH (Ha30BOil CKOPOCTH
(crtomHast suHMs) 1 KoadduImenTa 3aTyxannst (IyHKTUPHAs JIUHUSA) OT 9aCTOTHI HA
[MOPaYKEeHHOM KOPpO3Heil yJacTKe: JIMHUU 1—3 COOTBETCTBYIOT pajiiycaM KaHAJa a4 =
= 0.3; 0.5; 0.7 m. PaccmarpuBaercsa Tpyba ¢ BeqmumHOU moBpexierus G = 0.5,
3amnoHeHHas KepocuoM (po = 820 kr/m3; p = 1.49 - 1073 Ila-c; C = 1330 m/c;
v =1.8-1075 m? /c), okpyenHas nponunaemoit nopucroii cpeoit (kg = 10710 M2,
Mgy = 0.2). YBenudenne paauyca KaHaja IPUBOIAT K CHIKEHHIO KO3(bdUIIeHTa 3a-
ryxanus. Tak, npu Kpyrosoit wacrore w = 4 - 103 ¢! yBenuuenume pajuyca Kazaa
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Puc. 3. BaBucumocru kosdpdunmenta 3aryxaHus OT YaCTOTHI HA TOBPEXKJIEHHOM YYaCTKe JIJIst
KaHasa pajuyca a = 3- 107! M, 3aI0JHEHHOrO KEPOCKHOM, TOCTPOEHHBIE JIJIsI PA3IHIHBIX 3HA-
geHnii KoaddurmenTta nponnnaeMoctu rpyura. Jlunmu 1-3 COOTBETCTBYIOT 3HAMEHUSM Koy =
=107 10719 1079 m?

upuMepHo B aBa pasa (or 0.3 go 0.7 M) IpUBOAUT K CHUKEHUIO KO3 dunuenTa 3ary-
xaHug B a8a pasa (ot 0.2 mo 0.1 M1 ), TO eCTh XapaKTePHOE PACCTOSIHUE, Ha KOTOPOM
aMITUTY/Ia CUTHAJIA yMeHbIaeTcs B “‘e” pa3, yBesmuausaercst ¢ 5 1o 10 m. Kpowme Toro,
[IPY YBEJIMYEHUU PaJUyca KaHaJia HaOJIIOJAeTCs MeHbIee orindne (ha30BOil CKOPOCTH
OT CKOPOCTH 3ByKa B Kepocuue. Tak, Ipu Kpyrosoii uactore w = 4-10% ¢! ypemmuenue
paguyca kanama ot 0.3 mo 0.7 M npuBoguT K yBesndeHuio ¢pa3oBoii ckopoctu ot 1200
10 1300 m/c.

Ha puc. 3 npoanajmsupoBano Biusinue (GUIBTPAIMOHHBIX XapPAKTEPUCTUK I'PYHTA Ha,
3aBUCUMOCTH KO DUITUEHTA 3aTyXaHUS OT YaCTOTHL: JTUHUHU 1—3 COOTBETCTBYIOT 3HAUE-
HIAM Koy = 10711 10719 107 M2, OcrasbHble pacyeTHBIE TAPAMETPHI TAKHe JKe, KaK
i puc. 2. BugHo, 94TO yBeJIMYeHNe IPOHUIIAEMOCTH I'PYHTA IIPUBOIUT K YBEJIUIEHUIO
3aTyxanus curnaia. Tak, Ipu Kpyrosoit uacrore w = 4 -10% ¢~ nsmenenne nponmuia-
emocTr rpyHTa B 100 pa3 (or 107" g0 1077 M2) MIPUBOJUT K POCTY KO3 purmenTa
3aTyXaHus TPUMEpHO B jiecathb pas (ot 0.05 mo 0.5 m~1).

Ha puc. 4 na ocuose dopmyibl (6) IpOAHATM3UPOBAHO BIMSIHUE BEJIMYUHBI IOBPE-
JKZeHHsl Ha 3aBUCHUMOCTH MOJLyJIst Koadduimenra orpazkeHus | N | or wacToTBL: JIMHUK
1-3 coorserctBytor S = 0.3; 0.5; 0.9. I3 pucyHka BHIHO, 9TO C YBEJUYEHUEM OTHO-
CUTEJIbHOM TLJIOMIAIU TOBPEXKIEHNS MOJLYJIb KO3(DpUIMeHTa oTpaskeHust cjaabo pacrer.
Tak, mpu Kpyrosoit gacrtore w = 4 - 10° ¢~ yBeJmyenme BeIMYMHLI OTHOCHTEJILHOIR
womaau noBpexaenus B pu pasa (or 0.3 go 0.9) upusomur K pocTy MOyJs KO-
dunuenta orpaxkenus B asa pasa (or 0.05 mo 0.1), u coorBercTByer CjaaboMy <«IXy»
CUrHAJIA.

Ha puc. 5 mpuBesieHbl pacueTHbIE OCIUJLIOTPAMMBI, MJLTIOCTPUPYIOIIUE SBOJIIOIUIO
HMITy/IbCHOI'O CHTHAJIA, C XapaKTepHOI BpeMeHHOH IpoTszkeHHOCTBIO Aty = 1073 c.
Paccrostaue 10 Havasia MOBpEXIEHHOrO ydacTka | = 1 KM, JJIMHA TOBPEXKJIEHHOTO
yaactka (D = 3 w1, xapakTtepucTura mospexenus = 0.7. OKpyzKaiomas KaHa
nopucTas cpeia kg = 1071 w2, Mgy = 0.2 omHopognas. Ha ocnmmorpamme gaTanka
D1 1mepBbIil BCIJIECK TIPEJICTABISIET COOON HAYAIBHBIN MMITY/JILC, KOTOPBIH JTOXOMUT J10
noepexjerns (z = 0) HeCKOIBKO 0cJabIeHHBIM (IIepBBIil BCIUIECK HA OCIMIIIIOTPAMMe
narauka Do ). Jlajee 3T0T UMILYJIbC OTPAXKaeTcst (BTOPOH BCILIECK HA OCIUJLIOIDAMME
D5) ot rpanunpt z = 0 u Bo3Bparnaercs K garauky Di (Bropoii Bemieck). Iomormeammit
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Puc. 4. BaBucumoctu mozynsa kosdduipenTa orpaykenusi OT YACTOThI DU PA3IUIHBIX 3HAYE-
HUSIX BeJUYMHBI NoBpexjenus 3, muauu 1-3 coorBercreyror S = 0.3; 0.5; 0.9 (a = 0.3 M,
kge = 10710 M%) m = 0.2)

j\ o

S G
i

Puc. 5. Pacuernbre ocrmmiorpaMMbl 9BOJIONUM HUMITYJIBCHOTO CHTHAJA OT KOPPO3MOHHOTO

ydacTKa B KaHaJe 3alloJHEeHHOIO KepocHHOM pajuyca a = 0.3 M, OKPY>KEHHOI'O IPOHUIAe-
. . . —11 2

MOt TTIOPHUCTO# cpefoit kg = 10 M7, mg = 0.2

K rpafruie z = 0 IMIIyIbC PACIIPOCTPAHAECTCS B 30HY TOBPEXKICHNUSA U (PUKCUPYETCS TaT-
9uKOM D3, JIOXOIUT 10 TPAHUIBI 2 = [ (d) (mepBbIil Beruteck Ha ocrputorpamme Dy ) u
orpazkaercst (Bropoii Berureck Ha octmuiorpamMe Dy ). OTpasKeHHBIH UMITYIIbC JTOXOUT
1m0 z = 0 u panee dpukcupyercs gardaukoM D (TpeTuii BCILIECK HA OCIUJLIOIPAMME).
Ha ocrimytorpamme Ds — mporeamuii 4epe3 MpaByo IPAHUILY MOBPEXKICHUS 2 = (D)
UMIYIbC. [lepeoTpasuBIniicss IMITY/IbC B MIOKA3aHAAX HaTInka Dy UMeeT CHILHBIE WC-
KarKeHust (POPMHBI.

3akJjrouyeHne

IIpenioxkena mMaremMaTudeckass MOJETb AKYCTUYIECKOTO 30HIMPOBAHUS TOJI3EMHBIX
HeDTEIPOAYKTOMPOBOJIOB € IPOTSKEHHBIMU TIOBPEXK/IEHHBIMI yYacTKaMu. AKTyasib-
HOCTh TPOBEJEHHBLIX HCCICIOBAHUN OOYCIOBIEHa HEOOXOANMOCTHIO B PEKOMEHIAIINAX
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10 YCOBEPIIEHCTBOBAHUIO METO/IOB OIEpaTUBHOIO ODHAPYKEHUs MOBPEXKIeHUT HedTe-
IIPO/LYKTOIIPOBOJIOB HA PAHHUX ITAMTAX UCTEUCHUsT YTIIEBOJIOPOIHON KIUIKOCTH Iepe3 Mo-
BPEXKJIEHHBIE YUACTKH B IPyHT. PaccMoTpeHa 3a/iada 0 B3aUMOAEHCTBUNA UMITYJIHCHOTO
CUTHAJIA C TOBPEXKJICHUSIMU W3-33 MPOPXKABJIEHUs] CTEHOK KAHAJIA. BBISBIEHBI 0COOEH-
HOCTH JIMCIIEPCUU MMILYJIbCHOIO CUTHAJIA HA [MOBPEXKIEHHOM YyYaCTKe B 3aBUCHMOCTH OT
paamyca KaHaja, (puIbTPAnOHHBIX XapaAKTEPUCTUK I'PYHTA U BEJIMYUHBI IOBPEXKIEHUS
CTEHKU KaHAJIA.

VCTaHOBJIEHO, 9TO «3X0» CHTHAJA OT HMOBPEXKICHUI caaboe, MOIyIb Koadduimenta
OTpayKeHHUsl CUTHAJIA OT FPaHUIIbI IIOBPEXKIEHHOI0 yYacTKa cocTapjser He 6ostee 10% ot
CKAHUPYIOIIEro UMITYJIbCHOI'O CUTHAJIA. TakuM 00pa30M, YTOOBI YJIOBUTH «39X0» CUTHAJIA
Ha PAHHUX TAAX UCTEYEHUs YKUJIKOCTH Yepe3 IOBPEXKJIEHHBIN yIACTOK C KOPPO3HUeil,
HEOOXO/IMMBI JIOCTATOYHO TOYHBIE YCTPONCTBA /71l 00Pa30BaHNsl CKAHUPYIOIIEr0 CUTHAJIA
3a/IAHHON JJINTEJILHOCTH U AMILUIATYIbI, 8 TaKKe BBICOKOIYBCTBUTEIbHBIE TATINKN-
AHAJIM3ATOPBI CUTHAJIOB.
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Abstract

The research is of increasing relevance due to the need for recommendations on improving
the existing methods for rapid detection of pipeline damage at the early stages of hydro-
carbon liquid flow into the ground through the damaged areas. To detect possible pipeline
damage that occurs during the transportation of hydrocarbon liquids, a technique of pressure
pulse probing in the liquid filling the channel is proposed. A theoretical model of propaga-
tion of finite-duration pulses through an underground pipeline with corrosion-rusted damages
in the short-wave approximation is developed. Integro-differential equations that take into
account the manifestation of viscosity in a liquid in the boundary layer near the inner sur-
face of the pipeline wall are obtained. Dispersion expressions for the distribution of the pulse
signal within the corroded area are induced, and the reflection and transmission coefficients
are determined based on the boundary conditions for the damage. The dynamics of pulses in
the pipeline is studied using the fast Fourier transform. The features of pulse signal dispersion
in the area of corrosion depending on the channel radius, soil filtration characteristics, and
the amount of damage to the channel wall are revealed. The theoretical calculations show that
the “echo” of the signal from the damage is weak, and the modulus of the coefficient of signal
reflection from the border of the damaged area is no more than 10% of the scanning pulse
signal. Therefore, in order to catch the “echo” of the signal at the early stages of the liquid
flow through the corroded section of the pipeline, sufficiently accurate devices are needed to
generate a scanning signal of a given duration and amplitude, as well as highly sensitive sen-
sors — signal analyzers. The theoretical results of the research serve as a basis of the patent
for the invention.

Keywords: pulse, pipeline, liquid, filtration, soil

Figure Captions

Fig. 1. Scheme of the pipeline segment with a damaged area.

Fig. 2. Phase velocity (solid line) and attenuation coefficient (dashed line) depending on
the frequency range within the damaged area for different radii of the channel filled with
kerosene: lines 1-3 a = 0.3; 0.5; 0.7 m.

Fig. 3. Dependencies of the attenuation coefficient on the frequency range within the dama-
ged area for the channel radius @ = 3 - 107! m filled with kerosene that are constructed



SOBOJIIOINA AKYCTUYECKUX UMIIVJIBCOB. .. 57

for different values of the soil permeability coefficient. Lines 1-3 correspond to kg =
=10"1% 10719 1079 m?2.

Fig. 4. Dependencies of the modulus of the coefficient of signal reflection on the frequency
at different damage values (3, lines 1-3 correspond to 8 = 0.3; 0.5; 0.9 (a = 0.3 m, kg =
=107 m?, m =0.2).

Fig. 5. Calculated oscillograms showing the evolution of the pulse signal from the area of
corrosion in the channel filled with kerosene, having the radius a = 0.3 m, and surrounded by
the porous saturated medium kg = 107 m?, mg = 0.2.
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