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s pacuiipeHust BO3MOXHOCTEM pellieHUsI reo(pU3nIecKrX 3a1a4 C TTOMOIIbIO OTITOBOJIOKOHHBIX pacripe-
NIeJICHHBIX CUCTEM PETUCTPallUM aKyCTUYECKUX BOJIH BBITIOJIHEHO CpaBHEHNE CUTHAJIOB, MOJIYYEeHHBIX Tpa-
IULUMOHHBIMU TUAPOGOHAMU U paclpeneIeHHON ONTOBOJOKOHHON CUCTEMOI ¢ MpUMEHEHUEM Kabesl,
cofepxalllero TpsiMoe U CriMpajibHOe BosloKHA. MccienoBaHust ipoBeieHbl CIOCOO0M MEXCKBaXKMHHOTO
CeiCMUUYECKOTro MpocBeYrMBaHMsI. PaccMoTpeHa BO3BMOXKHOCTh BbIIEIEHUs TIPSIMbIX U MPEJIOMJIEHHBIX TO-
JIOBHBIX BOJIH, 3apETUCTPUPOBAHHBIX pacIpelesIeHHON ONTOBOJOKOHHOW CUCTEMOM, U TTOJyYeHUS C UX
IIOMOIIIBIO Fe0JIOro-reodu3ndeckoi nH(hopMaluyu 0 COCTOSSHUM MaccuBa. [1okaszaHo, 4YTO pU UCIIOJb30-
BaHUM CIIMPAJIbHO YJIOXKEHHOTO BOJIOKHA TIepBble BCTYTUICHUS MPSIMOM MPOAOJIbHON BOJTHBI MOTYT OBITh
MPOCEXEHBI JUISI TPOBEASHUST MEXCKBaXKMHHOTO MPOCBEYMBAHMSI MACCUBA U OLICHKU CKOPOCTHOM Xapak-
TEPUCTUKHN CIIOCOOOM MEXCKBaXXKMHHOI ToMorpaduu Ha npsiMbIx BojiHax. Kak mjis mpsiMoro, Tak W JJist
CMUPaJIbHOTO BOJIOKHA CyMMUPOBAHME TOJJOBHBIX BOJIH MTO3BOJISIET MOJTyYaTh JOCTAaTOYHO YETKHE BCTYTUIE-
HYS TOJIOBHOI BOJIHBI IaXKe B CYXOM 4aCTU CKBaXKMHbBI M UCIIOJIL30BATh €ro JJIsl ONpeaeIeHUs] CKOpOCTei
MPOJOJIbHBIX BOJH OKOJIOCKBaXKMHHOTO MaccuBa. CocTaB BOJIHOBOTO IMOJIsSI MEXCKBaXKMHHOTO TTPOCBEYM -
BaHUS 3aBUCUT OT IMarpaMM HaIlpaBJIEHHOCTU KaK MCTOYHUKA, TaK U TIPUEMHMKA YIIPYTUX KOJIeOaHUIA.
ITpuMeHeHUe CUCTEM MHOTOKPATHBIX MEPEKPBITUI MO3BOJSET BapbUPOBATh COCTAB PETUCTPUPYEMOTO
BOJIHOBOTO TTOJIST 32 CYET B3aMMHOTO PACITOJIOXKEHUSI TPUEMHOM 1 BO30YKIarollei TMHUM B 3aBUCUMOCTH

OT peIacMbIX 3a1a4.

DOI: 10.31857/S0032816223050087, EDN: ZJFDCJ

BBEAJEHUWE

CucreMa pachnpenejieHHbIX ONTOBOJIOKOHHBIX
akyctmyeckmx gataukoB (Distributed Acoustic Sens-
ing — DAS) — akTUBHO pa3BUBaIOIIASICSI TEXHOJOTUSI,
IO3BOJISTIONIAS B IIEPCIIEKTUBE CYIIIECTBEHHO PACIII-
PUTh BO3MOXHOCTU CEMCMUYECKUX HCCICAOBAHUM.
PacnpeneneHHble JaTYUKU ¢ TPUMEHEHHUEM OIITOBO-
JIOKHA ITO3BOJISIIOT Ha HECKOJIBKO IIOPSIIKOB YBEJIM-
YUTh KOJIUYECTBO KAaHAJIIOB, OMHOBPEMEHHO BBIIIOJ-
HSIOLIMX PErvucTpaluio aKyCTUYEeCKMX CUTHAaJIOB.
B nmocinenHue ronbl MOSIBIISIETCS BCe OOJIbIIE COOOIIIE-
HI1 0 BHeApeHn DAS B ITpakTnKy ceiicMopa3BenKn
[1, 2]. IIpeumyliecCTBEHHO PabOTHI MPOBOASTCS IO
METOIMKE BEPTUKAIBLHOIO CeicMOIpOMMIMPOBAHUS
B CKBaxkuHax [3—5].

1 MexxnyHaponHasi KoHdepeHuus: “OnTtuyeckasi pehJeKTOMeT-
pusi, MeTposiorusi U ceHcopuka 2023”, Poccus, [1epmb, 24—26
mas 2023 r. (International conference “Optical Reflectometry,
Metrology & Sensing 2023”, Russia, Perm, 24—26, May 2023).
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Ha BepxHekamMcKoM MeCTOPOXISHUM OOHUM W3
METOMOB KOHTPOJISI yCTOMYMBOCTH MacCHMBa Ha aBa-
PUITHBIX M IpeTaBapUIAHBIX YIaCTKaX SIBISIETCS MEX-
CKBaXXMHHOE IMPOCBEUYMBAHUE HA ITPOXOISIINX, OT-
paXXeHHBIX M MPEJIOMJICHHBIX BOJIHAX [6].

IIpenpiayliye uccaeaoBaHUs TTOKa3alu MPUHIM-
MUAJIbHYI0 BO3MOXHOCTb IIPUMEHEHMS CHUCTEMBI
DAS nyisg BeITTOIHEeHUS padboT Takoro pona [7]. OnHa-
KO CYIIECTBYET psili IPaKTUYECKMX MOMEHTOB, KOTO-
pbie B HACTOsIIEe BpeMsl 3aTPYAHSIIOT IIpUMEHEHUE
TexHonoruu. Bo-mepBbIX, auarpaMma HallpaBJICHHO-
CTU IIPSIMOTO BOJIOKHA OrpaHMYMBaET OUAIla30H YIJIOB
MaaeHNsI BOJIHBI, TP KOTOPBIX BO3MOXKHA pETrUCTpa-
S TToJIe3HOTo cuTHaza [8]. Bo-BTOPBIX, aMIIUTYTHO-
YaCcTOTHAsI XapaKTEePHMCTUKA PErUCTPUPYIOILEC CUCTE-
MBI 3aBUCHUT OT COOTHOIIEHUST 0a3bl rmpueMa DAS u
BUAUMOM mInHBI BOJMHEL. ITockonbky cuctema DAS
pETUCTPUPYET MHTETPajbHOEC 3HAUCHUE PACTSIKEHUS
BOJIOKHA Ha BEIOpaHHOI 0a3e IpreMa, TO OHa BBICTY-
MaeT B KA4eCTBE IMPSIMOYTOJBHOTO OKOHHOTO (bUJIb-
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Puc. 1. Cxema Bo30yXKIeHHUS CeICMOAKyCTUUECKUX KOJIeOaHU U perucTpaunu cucteMoit DAS.

Tpa, KaKuUM SBJISETCS MNPOTSXKEHHBIA JIMHEUHBIN
MMPUEMHUK, aHAJIOTUYHO TPYIITMPOBAHUIO TOUESYHBIX
JaT4ukos [9].

[ BBIMONHEHUSI MEXCKBAXXUHHOTO aKyCTUYe-
CKOTI'O MPOCBEYMBAHUS C MOMOIIBIO cucTeMbl DAS
HeoOXO0AUMO PEeIINTh 3aJa4i U3MEHEHMS e HarpaB-
JIEHHOCTM JIJISI IOBBIIIIEHUSI YYBCTBUTEJIBHOCTHU B OT-
HOIIICHUU LIEJICBBIX CECMNYSCKUX BOJIH M BEIPABHU -
BaHMSI aMIUIUTYIHO-YaCTOTHOM XapaKTePUCTUKU pe-
TUCTPUPYIOLIEI CUCTEMBL.

ITPUMEHEHUE KABEJIA
CO CIIMPAJIBHBIM BOJIOKHOM

M3MeHeHue AuarpaMMbl HallpaBJIEHHOCTH BO3-
MOXHO MIyTeM IIpUMEHEeHMs Kabelsi ¢ 0COOBIM YIIO-
XeHneM BoJiokHa [10—12]. TexHomormyeck caMbIM
JIOCTYITHBIM CITOCOOOM SIBJISIETCSl CIIMpaJibHasl Ha-
motKa. [Ipu cimpanbHOM HaMOTKe IUIMHA BOJIOKHA B
Kabeje OymeT yBeIWYMBATBLCS, CIENOBATEIbHO, IIPU
COXpaHEHWU ONTUYECKOU ITUHBI 0a3bl mprema 3 dek-
THBHas 0a3a IpueMa (JIMHEHMHBIA pa3Mep MaccuBa,
TIPIJIETAIONIETO K Kabelrro) yMeHbInaeTcsd. OnTrnaeckoe
BOJJOKHO B TakKoM KaOejie JODKHO oOecreunBaTh
YCTOMYMBOCTh K M3TMOYy U COXpaHEHHE ITPUEMIIEMOTO
3HaueHMs 3aTryxaHus. 1 BOJOKHA CcTaHmapTa
G657.A2 3(peKTUBHBIN pagnyc U3ruba, Ipu KOTOPOM
HE IPOUCXOOUT 3HAYUTEIILHOIO YBEJIWYCHUS 3aTyXa-
Hus, coctaBisgeT 30 mMm. Mcxonst m3 Takoro 3HaYeHUS
panuyca ¥ yriaa HamoTku 40°, 17151 BBIOJTHEHUSI KaK M0~
BEPXHOCTHBIX, TAK 1 CKBAXKMHHBIX CECMMYECKUX U3-
MepeHM1I CIPOSKTUPOBaH Kabenb, cCoaepKaIlnii oa-
HOBPEMEHHO TMpsSIMOE€ U CIUPaJIbHOE BOJOKHA.
Bremrnuit nunameTp KabGesst cocTaBiasieT 32.6 MM,
macca 721 xr/km. 3atyxaHue B peajJbHOM Kabeje co-
craBwio nopsiaka 0.3 1b Ha KUIOMETp ONTUYECKOM
IUIMHEIL criipanbHoro BonokHa u 0.17 1b Ha kuiiomeTp
IS TIPSIMOTO BOJIOKHA.
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TeopeTnyeckast nmarpaMma HarpaBJICHHOCTH Ka-
GeJist MpY perucTpaluy MPOAOJIbHBIX BOJIH CUMMET-
pHUYHA OTHOCUTEILHO OCH KaOeJIsT ¥ 3aBUCUT OT yTIjia
HaMoTtku 6 (0° 11 mpsIMOro BOJIOKHA) U yIvia Iaje-
Hus1 BOJIHBI 0L (0° TIpu pacTpocTpaHeHUH BIOJIb Kabe-
JISI) B COOTBETCTBUM C BhIpaxkeHueM [10]:

2 2 .2 .2

Dp(0,8) = cos” o cos” 0+ (sin” o sin” 0)/2.

(1)

AMHJ'II/ITY,I[HO-‘{E[CTOTHB.H XapakKTCpuCTuKa Kabers
CO CIIMpaJIbHbIM BOJIOKHOM MOXKET ObITH HaligeHa

Kax [13]
(1 —cos (2n—lff")) Dy (0,0), (2)

AL (0(‘5 ea f ) = A()
e f, =f|coscl| — Bummmas yacrora curHaia, ¥ — cko-
POCTb BOJIHBI B cpefie, L — onTrdeckas 6as3a nprema.
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. PETUCTPALIUA
CEMCMOAKYCTHUYECKHNX CUTHAJIOB

Jnasg m3ydeHUs Bo3MOXHOCTell cucteMbl DAS ¢
NIpUMEHEHUEM KaleJsl, ComepXKalllero CIupajbHOe
BOJIOKHO, BEIIIOJIHEHA CEpUsl IKCIIEPUMEHTOB ITO pe-
TUCTpAIIMM aKyCTUIECKNX CUTHAJIOB, BO30Y:KIaeMBIX
WCTOYHUKOM YIIPYTMX BOJIH C U3BECTHBIMU NapaMeT-
paMu, U TIPOBEIEHO CPaBHEHME CO CTaHIAPTHBIMU
CeliCMUYECKMMU JaT4MKaMu. B jaHHOM ciiydae uc-
MOJB30BAIMCh  ITbe30KepaMUUYeCKue T'MIPO(OHBI
COBMECTHO C ceiicMoaKycTrudecKoii ctanuueii 1S-128.

Peructpauus DAS ocymiecTBisiiiach ¢ TIOMOIIBIO
nHTepporatopa iDAS2 Silixa 1 oITOBOJIOKOHHOW JIN-
HUU, CMOHTUPOBAHHOI OHOBPEMEHHO B ITSITU CKBa-
xkuHax (puc. 1). [Tapamerpsl cucTeMbl HaOJIOAESHUS
(Tabs. 1) obecriednBagii BOSMOXHOCTh PETUCTPALIUUN
aKyCTUYECKUX CUTHAJIOB C BepXHEl rpaHUIIbl CHEK-
tpa go 1250 It.

Onruyeckasi JIMHUS OpraHm3oBaHa IIO CXEMCE
KoJiblia, T.€. KOHLbI JIMHUUN Q)I/ISI/I‘ICCKI/I IIpUXoIAT B
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OIMH OTITUYECKH mKad. DTO, BO-TIEPBLIX, 00JIeTJa-
eT TECTMPOBaHUE JUHWM Ha 1LIEJIOCTHOCTb, & BO-BTO-
pBIX, TIO3BOJISIET IIPOBOAUTH 3alMCh ITOOYEPEOHO B
00e CTOpOHBI, yMeHbIIasI 3@ eKT 3aTyXaHUs ONTH-
YeCKOTo CUTHaa.

AXyCTUYECKWIA CUTHAJI B CKBaXKMHE BO30YKIaICs
IEKTPOUCKPOBBIM UCTOUYHMUKOM C €IMHUYHBIM BO3-
nmeiictBueM 2.5 xJIxx. HakomwTenb 31€KTpUYECKOM
DHEPIrUM, PacIlOJIOXEHHBIN Ha IIOBEPXHOCTH, 10 Ma-
TMCTpaJIbHOMY KaOeJsiio moaaBajl pa3psia Ha U3jIyda-
Tellb B CKBaxuHe. M3iydyarelb InepeMellancs II0
CKBaxkrHe B nHTepBayie nryonH 105—195 m. Ha kax-
JIOM TIyHKTEe BO30YXIEHUS BBITTOJIHSIOCH 16 HaKOI-
JIEHUI1 peruCTpUPYEMOTO CUTHAIA JIJIST IIOC/IEAYIOIIC-
r0 CYMMMPOBAHUS 1 TIOBBIIIIEHUS] OTHOIIEHUS CUT-
Hajl/miyMm. B MOMEHT BO30yXXIeHUSI HaKOIUTEIb
noaaBajl CHHXPOHM3UPYIOIINI UMITYJILC IO IIPOBOI -
HOI TMHUU Ha BXxonI mHTepporatopa DAS nng Havana
peructpauuu. Bce ckBaxknMHBI 00CakKeHBI TIACTUKO-
Boii KosoHHoii I[1BX 1 3amonHeHbl BOJIOM, HAaUYMHAas C
rnyounsl 100 M. Berre 100 M Bombel HET HU B TpyoOe,
HY B 3aTpyOHOM MPOCTPAHCTBE.

AHanu3 BOJIHOBOIO T0JIS1 MTOKa3aJl, 4YTO MPU MEX-
CKBa>XMHHOM MPOCBEYNBAHUY Ha N3y4aeMOM y4yacT-
Ke Haubojiee WMHTEHCHUBHBIMM SIBJISIOTCS MpsMasi
MPOXOAsIIAasi U TOJIOBHAS BOJIHbI, TAKXKE TIPUCYTCTBY-
0T OTpaXXeHHbIe BOJHBI [6]. lmarpaMMBl HarpaB-
JIECHHOCTU M cXeMa MOoIxoja Jy4yell Mpu MeXCKBa-
KMHHOM TPOCBEYMBAHUHN MMPUBEIEHBI HA pUC. 2.

Cxema xoja Jiydeil IS IpsSIMOTO ITapajuieIbHOTO
IIPOCBEYMBAHMS UM TOJIOBHBIX BOJIH IIpMBeElIeHa Ha
puc. 3. Heo6xoguMo OTMETHUTh, YTO AUATPAMMBI Ha-
MPaBJICHHOCTH U3JIydaTesst U TUIPO(MOHOB IIpaKTUIe-
CKU COBITAJIAIOT, B TO BPeMsI KaK JIJIs OITTOBOJIOKOHHBIX
JATYMKOB TUarpaMMbl HAMPaBIEHHOCTU CYILLIECTBEHHO
OTJIMYAIOTCS, UTO HEOOXOANMO YIUTHIBATH ITPU aHAIH -
3¢ BOJIHOBOTO TTOJISI.

CPABHEHUME BOJIHOBBIX KAPTHUH

st cpaBHEHUsI BOJIHOBBIX KapTUH HEOOXOAMMO
npeo0pa3oBaTh CUTHAJ PACTSKEHUSI BOJIOKHA, MOJY-
YEHHBII ONTOBOJIOKOHHOW CUCTEMOM perucTpaluu,
K TPaAWILIMOHHOMY TIPENCTABIIEHUIO CKOPOCTU CMeE-
LIECHUS YaCTULl IPU €€ PETUCTPALMU BEJIIOCUMETpa-
mu. st aToro curHan DAS Heob6xoguMo MpOuHTe-
TpUpPOBaTh I10 BpeMeHU [ 14].

HpﬂMble B60J/IHbL npUu napaiieabHom npoceevueanuu

Ha puc. 4 npuBeneHo cpaBHEHUE celicMOrpamMM,
MOJIy4eHHBIX TUApOodoHaMu, cucTeMoii DAS Ha crin-
PaJIBHOM U IIPSIMOM BOJIOKHAX B COPTUPOBKE IIPSIMO-
o MapasjieabHOro MpoCBeYMBaHUS, KOTIa UICTOUHUK
U IIPUEMHMK pAacIiojiaraloTcsl Ha OIHOI ITyOuHe.
CeiicMorpamMMma, mojJyd4eHHas C IIOMOIIbIO CUCTEMBbI
DAS Ha criupanbHOM KabeJsie, MO3BOJISIET YBEPEHHO
BBIIEIISITh IEPBbIE BCTYIJICHUS IIPSIMOM IIPOIOJILHOM
BOJIHBI, IPUIIEAIIIEH ITO HOPMAJIM K KabdeJro. 3aIich,

IMPUBOPHI U TEXHUKA DKCIIEPUMEHTA  Ne 5
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Tabomuna 1. [TapameTpbl cucTeMbl HAOIIOAEHUS

HaumenoBanue napamerpa 3HauyeHue
OO011as onTuyeckast JjnHa 6300
MPUEMHOM JIMHUU, M
CyMMapHast JIJIMHA MOJIE3HBIX 3100
y4acTKOB MTPUEMHOM JUHUU, M
Ilar myHKTOB mpremMa, M 0.5
KonnuecTBo peructTpupyoimx 6200
KaHaJIOB B CKBaXKMHaX
Oo6I11ee onTnYecKoe 3aTyxaHue 3.5
Ha JTuHuH, 1b
baza npuema (Gauge length), m 10
JlnvHa 3ammcu, Mc 300
Hlar nuckpetusauuu 0.2
110 BpEMEHM, MC

cleaymolasi 3a NEePBLIMU BCTYIICHUSIMU TIPSIMOit
BOJIHBI, UMEET CYLLIECTBEHHBIC OTJINUMS, TTO BCEii BU-
JIMMOCTH, CBSI3aHHbIE C PAa3JIMYHBIMU aMIUIATYIHO-
YACTOTHBIMU XapaKTEPUCTUKAMMU CUCTEM PETUCTpa-
nuu. Ha ceiicMorpamme ¢ IpssMOro KaoOessl TiepBbIe
BCTYIUICHMUS TIPSIMOM BOJIHBI He HAOJII0JaI0TCS.

YacTOTHBIE COCTaBbl CUTHAIOB TUAPOGOHOB U
CITMPAJILHOTO KabeJsl B IIeJIOM BecbMa OJIM3KM, MaK-
CUMYMBI CIIEKTPOB COBMNAIAIOT, B TO BpeMsl KaK IS
MPSIMOTO Kabessl CIeKTp CMellleH B obJiacTh Goee
HU3KMUX YaCTOT.

Taxoke BBIMOJIHEHO MOTPACCHOE CPAaBHEHUE CUT-
HajoB (puc. 5). [lepBble BCTyMeHWS TIPSIMOIA BOJHBI
MPaKTUYECKU COBMNAJAIOT JISI TUAPO(GOHOB U CIU-
pajbHOro KabeJisi, B TO BpeMsl Kak ISl MpsIMOro Kabe-

0° [Ipsimoe

BOJIOKHO

CnupanbHoe
BOJIOKHO

Kab6enb
/

Puc. 2. [InarpaMMbl HaripaBJICHHOCTH KaOeJsi, comepka-
mero npssmoe (0°) u crimpaibHoe BojiokHO (40°), ¢ Ha-
MpaBJICHUMU MTPUX0aa HauboJiee MHTEHCUBHBIX BOJIH.
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Puc. 3. Cxema xozna aydeit mpu npsiMOM MapaijieIbHOM MPOCcBeYMBaHUM. P — nipsimasi mponosbHast BojiHa, PP — oTpaxkeHHast
npoznonbHas BonHa, PPP — ronosnast npenomnenHast BonHa, PPPP — mpenomneHno-otpaxeHnHast BoinHa. PPP|S — o6MeHHas
TIpoXofs1Ias rojoBHas BonHa, PPP,S — o6MeHHas npetoMiieHo-0TpaXkeHHas BOJTHA.
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Puc. 4. BBepxy — ceiicMOrpaMMBbl TPSIMOTO TTapaJlIeIbHOTO MPOCBEYMBAHMS ITPY PETUCTPAIIUN C TOMONIBIO THAPOMOHOB (a) U
ONTOBOJIOKOHHOI crctemoii DAS Ha criupaibHOM (0) 1 IIpsIMOM (B) BOJIOKHAX; BHU3Y — UX CIIEKTPBbI.

JIsT KOppeJsiiusl oTCyTCTByeT. Ha HeKOTOphIX ydyacT-
Kax, B YaCTHOCTHU I1pu BpeMeHax 82 1 95 mc (puc. 5a),
CHUTHAJTBI BCEX TPEX CUCTEM UMEIOT BBICOKYIO CTETICHD
koppessiuu. [Ipu 3TUX BpeMeHax perucTpupyroTcs
OTpakKeHHbIE BOJIHBI, MOMAaAalole B 30HY BbICOKOIt
YYBCTBUTEJBHOCTH KaK CIIMPATBLHOTO, TaK U TIPSIMOTO
BoJiokHa. CpaBHEeHME CUTHAJIOB TUAPOMOHOB U CIIN-
pajabHOro KabeJsis Ha pa3IuIHbIX IyOnHax (puc. 50)
JlaeT BO3MOXHOCTb OLIEHUTb OTKJIOHEHHE BpeMeHU
perucTpalnuu MepBbIX BCTYIICHUI, KOTOPOE COCTaB-
jsteT He 6osee 0.6 Mc. B mmocnenyronieii 3armcu BUI -

MNPUBOPHI U TEXHUKA BKCITEPUMEHTA  Ne 5

HO pacXoXIC€HHNE KPUBLIX 3a CYET pa3JIMYHOIO 4Ya-
CTOTHOTO CcoCTaBa.

HpeflOM./leHHble 20/106Hble 60/1HbL

CpaBHeHYE TOJIOBHBIX BOJH BBITIOJTHEHO IO CyM-
MHUPOBAHHBIM ceiicMorpaMMam, IO3BOJISIOIIM CYy-
IIECTBEHHO MOBBICUTH OTHOIIIEHUE CUTHAJ/IIIYM T10-
JISI TOJIOBHBIX BOJIH IO CPABHEHUIO C OMHOKPATHBIMU
ceiicMorpaMMaMu. DTOT CITOCOO OCHOBaH Ha CBOMCTBE
TOJIOBHBIX BOJIH, OTHOCUTEJIbHASI BOJTHOBAs KapTUHA
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Puc. 5. CpaBHeHMe ceiicMOTpacc Mpy MapauieJJbHOM MPOCBEYMBAHUM: @ — TUAPOGOHOB, CIIUPATIBLHOTO U TIPSIMOTO BOJIOKOH
pu IyGHMHE UCTOYHMKA U TpueMHuKa 170 M; 6 — ruipohOHOB 1 CITUPAJIbHOTO BOJIOKHA Ha Pa3JIMYHBIX [TyOUHAaX.

KOTOPBIX MPAKTUYECKU HE MEHSIETCS TpU IepeMellie-
HUM UCTOYHMKA KOJIeOaHMIi BIOIb U3JTydJarolleii CKBa-
XuHBI [15]. Mcrionb3yst CBOMCTBO B3aMMHOCTH MCTOY-
HUKa Y IPUEMHMKA, TaKUE CyMMapHbIEe CEMCMOTrpaMMBbI
MOXKHO TIOTyYUTh KaK ISl IPHEeMHOM (puc. 6a, 6B, 611),
TaK W Ui U3JIy4darolleil CKBaKWHEI (puc. 60, 6r, 6¢).
KpaTHOCTh cyMMUpOBaHUS 3aBUCUT OT KOJIUYECTBa
IMYHKTOB MpHUeMa U1 BO30YXKIECHUSI U MOXET COCTaB-
aatb 10 200 HakomjeHUi. YUUTBHIBasE KOJIUYECTBO
HAKOIUJICHUI Ha OOHOM IIYHKTE BO30YXIEHUS, 00-
mast KpaTHOCTh MoXeT npeBbimath 1000.

B ycnoBusix miockoii mpesiomsionieid rpaHuibl
(B paccMmarpuBaeMOM TMpUMEpe IIpelcTaBIeHHOMN
KpOBJIEI COJIei1) TOJIOBHBIE BOJHBI MMEIOT IJIOCKUIA
¢pOHT, NajgamKnii Ha TPUEMHYIO JUHUIO B CKBaXKU -
He 1o yrioM ~60°. I1pu mageHUH TOJI0BHOI BOJHBI
HA TOPU30HTAIIBHYIO aKyCTUYECKYIO TPAaHUILY BO3HU-
KaeT KJIaCCUYEeCK1it Habop MPOXOMSIIUX U OTPaKeH-
HBbIX MPOMOJBHBIX P U OOMEHHBIX MOINEpeYHBIX §
BOJIH (puc. 60, cxeMy xona jay4eit cM. Ha puc. 3). ITo-
CKOJIbKY perucTpanusi MonepeuyHbIX BOJIH TUAPOdO-
HaMHM B CKBaXXWHHOM (irronae (PU3NIEeCKN HEBO3-
MOXHa, 10 BCEl BUIUMOCTH, HA CTEHKAX CKBaXKWHBI
MPOWCXOAUT ellle OIUH OOMEH U3 ITONePevyHOM B Mpo-
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JOJIbHYIO BOJIHY, UTO ITO3BOJIACT HaO0I00aTh 3TU BOJI-
HbI Ha CeﬁCMOI‘paMMaX.

BomaHOBBIE KapTUHBI, TOJTYIEHHBIC THIAPOGOHAMM
y IPUEMHON M M3JIydalolleil CKBaXXMH, BECbMa CXO-
K1, Ha HUX IPUCYTCTBYET BECh HAOOP OTpakeHHBIX U
OGMCHH])IX BOJIH, YTO JIETKO O6’b${CHI/ITb CXOOHBIMHA
JMarpaMMaMy HampaBiIeHHOCTH 3JIEKTPOUCKPOBOIO
M3JIy4yaTes B CKBaXXKMHE U THIPO(GOHOB, UMEIOIINMU
MaKCHMMYM YYBCTBUTEJIBHOCTH II0 HOpMalau K CKBa-
XuHe. JluarpamMmMa HampaBJIEHHOCTH ONTOBOJOKOH-
HOT0 Ka0eJIsI CYIIIeCTBEHHO OTIMYACTCS 1 MMEET MaK-
CUMYM YyBCTBUTEJIBHOCTH BIOJIb OCH CKBa>KMHEIL.
DTUM 00YCIIOBIMBACTCS OTCYTCTBHE OOMEHHBIX BOJTH
(PPP,Swu PPP,S, cM. puc. 3 u 60) Ha ceiicMorpaMmMax
DAS B mpueMHoO#1 ckBaxkmHe. B To 3Ke BpeMsI ripu riepe-
COPTUPOBKE K OOILIEMYy MyHKTY IpuemMa (puc. 6r, 6e)
BOJIHOBasl KapTUHAa 0oJjiee TT0XoxXKa Ha Ty, YTO HaOII0-
JTaeTCs TTPU UCTIOJIb30BaHU Y TUAPOPOHOB. B yacTHO-
CTH, CTAHOBSTCSI OTYETIMBO Pa3IMYUMbl OOMEHHEIC
MIPOXOISIINE U OTPaKeHHbIE ITONIEPEYHBIC BOJIHEIL.

Takum o6pa3zoM, BOJTHOBOE MOJIE OIIPEACIISIETCS
IruarpaMMOII HaIpaBJICHHOCTU KaK PErdCTPHPYIO-
e CUCTEeMBI, TaK U U3ydaTeisl, YTO ITO3BOJISIET Ba-
PBUPOBATh €T0 COCTaB 3a CYET B3aMMMHOTO PAaCIIOJIO-
KEHUS IMHUI BO3OYKICHUSI 1 IIpUEMa.
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Puc. 6. CpaBHeHe CyYMMUPOBAHHBIX CEICMOrPaMM TOJIOBHBIX BOJIH: a, 6 — rTuIpO(hOHOB; B, I — CITUPAJILHOTO Kabess; i, e —
MIPSIMOro KabeJist — [JIsl IPUEeMHO CKBaXXUMHBI (a, B, A) U U3JIydalolleil CKBaXXuHHI (0, r, €). PPP — nponojibHast FOJIOBHAs BOJI-
Ha; PPPP — npononbHast TOJIOBHAs BOJIHA, OTPaXkE€HHasl OT TOPU30HTAIbHOM rpaHuuel; PPP(S — npoxonsnias oOMeHHas ro-

JloBHad BonHa; PPP,S — oTpaxeHHO-0OMEHHAas IOJIOBHAsl BOJIHA.

Eure omHUM BaXXHBIM pe3yJITATOM SIBJISICTCS] Ha- BbIBOAbI
JINYMe perucTpupyeMoro CUrHaia 3a npeaejiaMu 00-
BOMHEHHOI 4YacTU CKBaXXMHbI (1yorHbl 70—100 M Ha
puc. 6B, 61). PaxkT MPUCYTCTBUS CUTHAJIA B CyX0ii Uya-

Hcnbitanue paCHpC,Z[eJ'ICHHOﬁ OIITOBOJIOKOHHOM
CHUCTEMbI CO CITMpaJIbHbBIM YJIO0XKCHUEM BOJIOKHA I103-
BOJIMJIO SKCIICPUMMECHTATBbHO ITOATBEPAUTH BO3MOXK-

CTU CKBaXUHBI MOXHO 061)ﬂc?510T§ BBICOKO# KPATHO= /ot S e i akyCTMECKIX CHTHAOB, HAZAIOIIIX
CTbIO CyMMHUpOBaHuUs (Gosee ), ATAKXKe TeM, YTO 14 popmanu K Kabemo. MHTEHCMBHOCTh CUTHAA

TSDKEJIbI Kabeab TUIOTHO IIpuJIera€T K CTCHKE, 4TO MpU perucTpauuu cuctemoit DAS CYLLIECTBEHHO HU-
SIBJISIETCSL JOCTATOYHBIM TSI TIpUE€Ma aKyCTUYECKOTO ke, YeM MHpU HUCIOIb30BaHUM rUApPOo¢GOHOB, TEM HE
CHUTHaJa. MCHEC TICPBBLIC BCTYIUICHUA OOCTATOYHO YBCPEHHO
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OLLEHKA BO3MOXHOCTEW PACITPEJAEJIEHHOWM OIITOBOJOKOHHOWM

KOPPEJUPYIOTCSI M MOTYT OBITh IPOCICKCHEI.
DTO MO3BOJISIET TIPOBOAUTbL MEXCKBAXUHHOE IPO-
CBEYMBaHME MaccuBa JJis OLIEHKU CKOPOCTHOI Xa-
PAKTEPUCTUKU C UCITOJIb30BAHUEM MEKCKBaXKMHHOI
ToMorpaduu Ha IIPSIMbIX BOJTHAX.

IIpu perucTpalu OPSIMBIX IIPOJOJBHBIX BOJIH
KabeJjieM C IIPSIMBbIM BOJIOKHOM KOPPEALIMS IPaKTH-
YyeCKM OTCYTCTByeT. OIHOBPEMEHHO C 3TUM Ha Ceii-
cMorpaMmax MnpUCYTCTBYIOT OTpPaX€HHBIC BOJIHBI.
Heo6xonuMo nanbHeiilee n3y4eHre BOJTHOBOTO MO~
JIST 711 OLIEHKHM BO3MOXHOCTY MOCTPOEHUSI paspesa
OTPaXXeHHBIX BOJIH, 3apETUCTPUPOBAHHBIX MPSIMbIM
Kabenem.

IIpu u3ydyeHUM roJOBHBIX BOJH Ha CIIMPaIbHOM
BOJIOKHE PETrMCTPUPYETCSI MeEHEe MHTEHCUBHBIN CUT-
HaJl, YeM Ha MPSIMOM, OJTHAKO €ro YaCTOTHbII cocTaB
IIMPE 32 CYET MEHBIIIETO MHTEPBaJja IIOPOAHOIO Mac-
CHUBAa, IPUXOISIIETOCsI Ha ONITUYECKYIO 0a3y Impuema
cnpanbHoro Kaoens. Kak mist mpsaMoro, Tak M ISt
CIUpaIbHOTO Kabejss CyMMHUpPOBaHME TOJIOBHBIX
BOJIH IIO3BOJISIET PErMCTPUPOBATh JOCTATOYHO 4YET-
K1e BCTYIUICHHSI TOJJOBHOM BOJIHBI B CYXOil 4acTu
CKBaXXMHBI, YTO ITIO3BOJISIET MCIIOJIB30BaTh €TI0 IS
ompeneNeHNsI CKOPOCTEM MPOIOJbHBIX BOJIH OKOJIO-
CKBaXXMHHOTO MacCHBa JaXKe B CyXUX CKBaXKMHaX.

CocTaB BOJTHOBOTIO MO MEXCKBa>KMHHOTO TIPO-
CBEYMBAHUS 3aBUCUT OT AUarpaMMm HaIpaBJIEHHOCTU
KaK UCTOYHWKA, TaK U TIPUEMHUKA YIIPYTUX KoJieba-
Huli. [IpuMeHeHne CUCTeM MHOTOKPATHBIX Tepe-
KPBITUI TTO3BOJISIET BAPbUPOBATh COCTAB PETUCTPU-
PYEMOTO BOJTHOBOTO MOJIS 34 CYET B3AUMHOTO PacIio-
JIOXXEHUsI TIPUEeMHOU W BO3OYXHarwolleil JUHUU B
3aBUCUMOCTH OT pelTaeMbIX 3a1a4.
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