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A Robust
Approach
to 4-D OBC
Acquisition

ith many developments and enhancements over
the years, ocean bottom cable (OBC) technology
has provided excellent data and value for many
geophysical and operational problems. However, due to var-

® Fig. 1. A VectorSeis Ocean Recording Buoy.
® Puc. 1. Peructpupyrowmii 6yi VectorSeis Ocean.

ious issues, image quality has not always met expectations,
and cost concerns (whether real or perceived) have limited
the widespread use of OBC data. In many cases, OBC users
have simply assumed that the technology is too expensive
and have made unwise cost-cutting compromises in survey
design, inevitably leading to frustrating imaging failures —
undersampled surveys with inadequate area for proper
structural migration.
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JIATOapsi MHOTOYMCJICHHBIM YCOBEPIICHCTBOBAHUSM,
CICJIAHHBIM B MOCJIeAHUE Tojbl, noHHble Kabemun (OBC)
[IO3BOJISIIOT MOJIYYUTh BBICOKOKAUECTBEHHBIE NAHHBIE U

peluTh MHOrUe reo(UusnyecKkue U TEXHOJOTHYecKue IpoobIie-

MbI. OJfHAKO, IO MHOTUM IPUYHHAM, KAYECTBO JAHHBIX HE

BCETZIa COOTBETCTBOBAIO OkuganusaM. Kpome Toro, cron-

MOCTBb paboT (peasbHas WIN CyObEKTHBHAS) OTPAaHIYNBA-

JIa I POKOE UCTIOIb30BAHME JJOHHBIX Kabeneil. Bo mHOrmx

CJIydasIx JUIst CHIDKEHUsSI CTOMMOCTH PaGoT ¢ JOHHBIMU KO-

caMM JOIYCKAINCh KOMIPOMUCCHI B IPOEKTAX IIOJEBBIX

PaboT, YTO HEU3OEHKHO IPUBOANIO K PA30IaPOBAHUIO I10-

cj1e 06pabOTKU JAHHBIX — Ch€MKHU C HEJOCTATOYHOH IIOT-

HOCTBIO HAOIIOACHAN 1 TUTONAABIO HEIIPUTO/HBI IS KOP-

PEKTHOI CTPYKTYPHOMU MUTPALIUN.

raBHast mpobiema ist CeCMONIAPTU ¢ JOHHBIMU KOCa-
MU — UCIIOJb30BaHHE CJIUIIKOM GOJIBIIOTO KOJUYIECTBA CY-
JIOB IIPH IOJIEBBIX paboTax. Tunmunas nmapTus BKIIOYAET
10 MeHbINeil Mepe Tpu cyaHa. OXHO WIN JBA CYAHA IpE-
HA3HAYEHBI JUI YKJIAJKU KOC, 4 €IIe OJHO CYJHO OCHAIEHO
HCTOYHUKOM KoJleGaHuil. B mjieanrsHOM cirydae, CyAHO C UC-
TOYHHKOM JOJDKHO pabOTaTh IOYTH HenlpepbIBHO. Emte ox-
HO CYAHO, OOBIYHO PACIIOJIOXKEHHOE B IIEHTPE IPUEMHOI
PaCCTaHOBKU, COCMHEHO CO BCEMU JOHHBIMU KOCAMU, pe-
THUCTPUPYIONUMH JaHHBIE. TO CYJHO COCTABJISAET 3HAUM-
TEJIBHYIO YaCTh CTOMMOCTU CEHCMONAPTUN, IIPA TOM UTO
OHO CaMO CO3/[AeT TPYAHOCTHU JUIS BBIIOJIHEHUs paboT U
c60pa BBICOKOKAYECTBEHHBIX JAHHBIX BCJIEJCTBHE:

* 3HAYUTEJHHOI'O BPEMEHU Ha IIEPEXOJ CyJHa Ha HOBbIE
TOYKH, BKJIOYAs BpeMs Ha CHATHE U YCTAHOBKY MapKep-
HBIX GYEB;

. BepOﬂTHOCTI/I CMEIICHUSI 9JaCTHu HpI/IeMHbIX JAOHHDBIX Ka-
Gesell IpU MePEHOCE COEAMHUTENBHBIX Kabelell Ha HOBOE
MECTO, YTO CO3JAaeT HEOIPEJeJICHHOCTh B KOHTAKTE IIPU-
€MHHUKOB C TPYHTOM U HEIOCTOSIHCTBO CTATIIOIPABOK, a
TaKKe JONOTHUTEJBHOTO BPEMEHU Ha IPOBEPKY HOBBIX
ITOJIOKEHUI CIBUHYTBIX IIPUEMHIKOB;

* MOBBIMICHHBIX 3aTPAT TOIUIMBA, 3arPSA3HEHUS OKPYXKa-
IOINEeil cpeabl U HeOOXOANMOCTH 33/eHCTBOBATH B IOJIE-
BBIX pabOTaX MHOTOYUCJICHHBIHN [IEPCOHAT, UTO YCIOXKHS-
et Bonpocsl Th.

Jlyywas meTtogmka pabot
C AOHHbIMM KOCaMU

DJIEKTPOHUKA C HU3KUM IOTpPEGIECHUEM YHEPrHH, GECIpPOBOA-
HbBI€ CETU M KOMIIAKTHBIE€ KOMIIBIOTEPHI JI€JIAI0T BO3MOXKHBIM CO-
3/[aHUE JUCTAHIMOHHOM PETUCTPHUPYIOMENH CHCTEMBI, CIOCO0-
HoH 3amuceiBaTh 1 000-kaHATbHDBIE ceficMOTPaMMBI B aBTOHOM-
HoM Oye (puc. 1). IIpu ucnonb3oBanun Takoil Texnonorun, 60-
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® Fig. 2. Data comparison showing OBC 2D line intersection. Note

enhanced resolution and amplitudes in VSO data. zon‘éeﬁtr%rms;?e%es?'}_me Tracli:igggl 0BC
® Pyc. 2. [Ipu cpaBHEHUM BUHO, YTO flaHHbIE, 3aperucTpupo- Vector Seis Ocean 1999
BaHHble ¢ ucnonb3oBaHuem komnnekca VS0, otnuyatotcsa 6onee Traclitional 0BC

2002 Prototype Test Line

BbICOKOIi MNOTHOCTLIO U NYYLIMM Pa3PELLEHUEM.

A major problem with many OBC crews is that there are
too many boats in the field. A typical configuration con-
sists of at least three vessels. One or more boats are used to

SOURCE: » UCTOYHUK: INPUT/OUTPUT

move cables, and another operates the source. For an ideal
operation, the source vessel should be shooting almost

continuously. Another boat usually sits in the middle of - - R

T

the active receiver spread, connected to all the cables,
recording the data. This vessel is a significant part of the
crew cost with several potential operations and data quali-
ty problems:

- Time spent moving the vessel from one location to
another, including dropping and picking up marker buoys.

- Risk of moving the front end of the sensor cables while
dragging jumper cables to a new vessel position, creating
uncertainty and inconsistency of sensor coupling and statics,
as well as the potential for additional time spent verifying
new shifted receiver locations.

- Additional fuel consumption, environmental emissions
and personnel required in the field, creating more HSE
exposure.

A Better Way to Acquire OBC Data

Low power electronics, wireless networks and compact
computing resources now make it possible to produce a

OHHOM CNYy

MonHoBONHOBaAsA cbeMka yxe 3aech. [lporpeccuBHbIE
celicMopa3BefoyHble KOMMNaHuu, nogpsaqvukn u 1/0
BCTPETUSIUCL — A5l TOr0, YTO6bl COBMECTHO U3BJEYb
BbIrOAY W3 MOJIHOBOJIHOBOM ChLEMKU. Kak mepBonpo-
X04eL, B AaHHOW OTPaCcav UHAYCTPUN, Mbl UICAOJIb3YEM
CBO€ HOBATOPCKOE MbIWIEHNE AN PELUEHUS CaMbIX
CNOXHbIX Npo6sieM Bawunx cbemok. Mbl npegocTaBns-
em obGopynoBaHue, NporpaMMHOe obecnevyeHue u

CepBUC Ans 0b6ecrnevyeHnst TEXHOJIOMNYHbIX peLLeHNin
MoA KOHKPeTHble 3aaa4n. Bce Bpems B COTpyaHUYECTBE
¢ Bamu ans ncnonbL3oBaHns BCEX MPENMYLLECTB MNONHO-
BOJIHOBOV CbeMKW. [IpyMeHeHne aTo CbEMKN NMO3BO-
JISET AOCTUYb 3HAYUTENBHOIO YyHLLIEHNS pa3peLleHns
1300paxeHnss BEpXHei Yactu paspesa. OTkpeiTne. [o-
Obl4a. 9ddekTmBHbIE NONEBLIE PaboThl. Bce aTo — 6na-
rogaps Bctpeye. Bac n 1/0.

[MfocTpoeHMe MHOrOBOJIHOBbIX OTO6pa>K9HI/Il7I. 3acTaBbTe TEXHONOTUIO pa6OTaTb Ha Bac.
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remote recording system capable of recording 1,000 chan-
nels of seismic data in a stand-alone buoy (Fig. 1). With
such technology, a 60-80 m recording vessel can be
replaced by a few recording buoys.

This can not only reduce crew operating costs, but it can
also improve productivity and image quality by eliminating
all the problems associated with dragging jumper cables and
moving the recording vessel.
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® Fig. 3. Buoy-based recording allows long and wide patches, even
around obstructions, with a limited number of vessels.

® Puc. 3. ABTOHOMHbIE Gy1 NO3BONAKT PErUCTPUPOBATL faHHbIE
Ha 60NbLIMX NNOWaAAX U BONU3N NPenaTCTBUIA NPU OrpaHNYeH-
HOM KONWYECTBE CY/0B.

Since the cables need not be arranged to connect to a
central recording vessel, cables can be deployed to meet
any requirement; long offsets and/or wide azimuths, as
well as acquisition near pipelines and other obstructions
(Fig. 3).

An additional benefit is that the number of cables and
receiver stations deployed is not limited by the capacity of
a central recording system, allowing survey designers to
create highly efficient large patches, further improving
the quality of images, while reducing operating costs. Very
efficient wide-azimuth survey designs can be easily
acquired using source lines oriented perpendicular to the
cables.

Modern Sensor Technology and
Issues

In recent years, several micro-elctro-mechanical (MEMS) digi-
tal accelerometers have been proven for seismic imaging appli-
cations. At least one of these sensors is now available for seabed
(OBC) applications. The right choice of sensor, with appropri-
ate processing techniques can significantly enhance the quali-
ty of a seabed seismic image. However, sensor selection is com-
plicated by the need to remove water column reverberations,
generally done by combining particle motion data (geophone
or accelerometer) with pressure (hydrophone) data.

Industry expectations for the quality of OBC data are
increasing. We expect to image deeper structures, while
increasing the resolution of shallower images. Shear wave
imaging is also providing more information about reser-

i 80-MeTPOBOE PETUCTPUPYIONIEE CYAHO MOKHO 3aMEHUTD He-
CKOJIBKIMU PETUCTPHUPYIOMUME GYSIMU.

9TO He TOJBKO CHIDKAET CTOMMOCTH IIOJIEBBIX PaboT, HO U
IOBBIIAECT UX IPOU3BOAUTEIBHOCTh U KAa4ECTBO HM300paske-
HUI cpenpl, Giarojaps MCKIIOUEHUIO BCEX IPOOGJIEM, CBI3AH-
HBIX C CO€JUHUTETbHBIMU KaOeAIMU U MePEXOJaMU PETUCTPU-
pyromero cygHa.

IToCKOJIBKY B 3TOM CIydae He HYXXHO COEAUHSTH BCE JOHHbIE
KOCBI C IEHTPAIbHBIM PETUCTPUPYIOLMIMM CYAHOM, UX MOYKHO VK-
JIAJ(BIBATh KAK YTOJXHO — JUISI IIOJy4eHUsI OYE€Hb GOJIBIINX yaJle-
HWIA 1/ WIN IITPOKHUX a3UMYTOB, a TAKXKE JUIS PETUCTPAIuH JIaH-
HBIX BOJIN3HU TPYyOOIPOBOJOB U JIPYTUX MPENATCTBUN (puc. 3).

JlonosHUTEIbHOE IPEUMYLIECTBO COCTOUT B TOM, UYTO KOJIU-
YeCTBO JOHHBIX KOC U IYHKTOB IIpHeMa He OrPAaHUYUBAETCS
BO3MOKHOCTSMHU LEHTPAIbHOM 3JIEKTPOHUKU, UTO IO3BOJSET
IIPOEKTHPOBATH JIOObIE IPUEMHBIC PACCTAHOBKH, YJIydIIast
n300paKEeHNE CPebl U CHUKASA CTOUMOCTDL paboT. Boicokoad-
(pexTHBHBIE MIPOKOA3UMYTATBHBIE CHEMKH OUEHB JIETKO OTPa-
6aTbIBATb C JIMHUSAMH BO3OY)XJICHUS, I€PIEHUKYIAPHBIMHU
JIOHHBIM KOCaM.

CoBpeMeHHble CENCMONPUEMHUKN

B nocsreanme roapl B celicMOpasBe/iKe HAIUTN IIPUMEHEHIE MUK-
poaaexTpoHHbIe IUdpoBbIe akceaepomeTpsl. ITo Menbeii me-
P€, OMH TaKO! JJATUMK YK€ MOKHO UCII0Ib30BATD ISl PErUCTpa-
LMY JAHHBIX Ha AHe Mops. [IpaBribHbIN BEIOOP AaTYMKA U IPO-
neayp o6paboOTKU MOTYT 3HAYUTEJBHO IIOBBICUTH Ka4eCTBO
ceiicMuueckoro n3obpaxkenns. OQHAKO, HY)KHO IIOMHUTDb O He-
0GXOZNMOCTH TMOJABJIECHUS PEeBEPOEPAINH B BOJHOM CJIOE€, UTO
OGBIYHO JIOCTUTACTCA IyTeM COYETAHHUsS reo(pOHOB MM aKcee-
POMETPOB C JaTYMKAMU JaBIeHUs (rUAPOPOHAMU).

OpueHTaumAa cemcMmonpueMHmnKa

Jlia monydeHUs: N300PaskeHNs HA IPOAOIBHBIX BOJTHAX HY)KHA
BEPTUKAJIbHAA COCTABJSAIONAs KOJI€GAHUI I'PYHTA, B TO BpeMs
KaK IOIIePeYHbIe BOJHBI PETUCTPUPYIOTCS HA TOPU3OHTAIBHBIX
KOMIIOHEHTAX JaT4uKa. [l TOro, 9To6bl TOUHO U OJHOBPEMEH-
HO 3aIIMCaTh BCIO NH(OPMAIIIO, COAEPIKALIYIOCS B IIOJHOM BOJI-
HOBOM II0JIe, HEOOXOJMMO 3HATh (PAKTHYECKYIO OPHEHTAIHIO
ceficMONIPUEMHHKA Ha MOPCKOM JTHE.

B nponuiom BepTUKaIbHAS OPUEHTAIUSA JOCTUTAIACH TPEMs
Iy TSIMU:

* KapJaHHBIM II0JBECOM — JOPOTUM MEXAHU3MOM, K TOMY e He
FapaHTUPYIOIMM TOYHOCTh PETUCTPALMH BEKTOPA KOJeGaHUI;

* YCTAaHOBKOM JATUMKOB C XXeJIAeMOW OpHeHTanHeil Ha Mop-
CKOM JiHE MPU ITOMOIIX JUCTAaHIIMOHHO-YIPABISEMBIX POGOTOB,
— 3Ta MPOIeAypPa OTHUMAET MHOTO BPEMEHU U CPEJCTB, A TOU-
HOCTb YCTAHOBKU OGBIYHO COCTABJISIET HECKOJIBKO IPAIYCOB;

+ OCHACTKU JOHHBIX IPUGOPOB MHKIMHOMETPAMH AJIS OlIpe-
JileJIeHUs] HAKJIOHA B OPTOTOHAIBHBIX HAIPABJICHUAX, HO 3TO
YBEJIMUYUBAET CTOMMOCTD, CJIOXHOCTh M pa3Mep MU3MEPHUTEIb-
HBIX IPUOOPOB.

IIpu mCroab30BaHUN HEHAIIPABJIECHHBIX Te¢0(OHOB UX OPH-
€HTAIUs] YCTAHABJIMBAETCS B PE3YJbTATE COIPSIKEHHOIO C
omnGKaMu U BpeMseMKoro mnpouecca. ITockoybky HeHampas-
JIeHHBbIE Te0(OHBI OOGBIYHO UMEIOT BBICOKHE COOCTBEHHBIE Yac-
torhl (12-20 IT1), HUBKOUACTOTHBIE JaHHBIE YACTO OOJAMAIOT
HHU3KUM OTHOHNIEHUEM CHUTHAJI/IOMeXa U CIOXKHBIMH (Pa30BBI-
MU XapAKTEPUCTUKAMH.

HoBasi ajgprepHaTHBA — HCIOJIb30BAHUE AKCEICPOMETPOB
BMecTO reo¢oHoB. [T0CKOIBbKY CHIA TSXKECTU SBJISAETCS HeU3Me-
HAEMOI coCTaBgIoNell yCKOPEHUs, TO IO TPEM HJIECHTUYHBIM
OPTOTOHATBHBIM AKCEJICPOMETPAM MOXHO ONPEAEIATh BEPTHU-
KaJIbHOE HAIPaBJECHHE MPOCTO MyTEM aHATH3a COCTABJSIONIEH
CHJIBI TSDKECTH B IVIOCKOCTHU KaXKJIOTO JATYUKA. AKCEJIepPOMETpP
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voirs, particularly in areas obscured by gas clouds.
In order to achieve success in these objectives,
system performance at all phases of the imaging
process must be optimized.

Particle Motion Sensor
Orientation

P-wave imaging requires the vertical component
of particle motion, while shear wave recording is
based on the horizontal components. In order to
accurately and simultaneously record all the
information contained in the full vector wave-
field, it is essential to know the true orientation of
the sensor on the seafloor.

Historically, vertical orientation has been
obtained in three ways:

« Gimbal mechanisms ensure vertical orienta-
tion, but are expensive, and create serious vector
fidelity issues.

+ ROVTs can plant sensors with a desired ori-
entation on the sea floor, but also result in expen-

4-D SEISMIC | CENCMMKA 4-D

® Puc. 4. [lemnchupyroLee ycTporucTBeo,
COE/IMHAIOLLEE YYBCTBUTEJIbHDIA 3IEMEHT
¢ [I0HHbIM Kabenem.

sive and slow operations and planting inaccuracy
of several degrees is still common.

+ The use of omnidirectional geophones allows orienta-
tion to be extracted from the data through an error-prone
and time-consuming process. Since omnidirectional geo-
phones usually exhibit high resonant frequencies (12-20
Hz), data below this frequency are often subject to reduced
signal to noise ratio and complex phase characteristics.

The use of accelerometers to replace geophones in seabed
applications offers a new alternative. Since the non-varying
component of acceleration is gravity, it is possible to config-
ure three identical mutually orthogonal accelerometers to
determine vertical orientation, simply by examining the
component of gravity experienced in the plane of each sen-
sor. The VectorSeis accelerometer has proven itself capable
of determining vertical orientation to an accuracy of a few
tenths of a degree. Since this measurement can be repeated
every few seconds, this method has the advantage of identi-
fying and correcting for any rolling of the sensors.

VectorSeis onpesenseT BepTUKAILHOE HANPABJIECHUE C TOUHOC
TBIO IO HECKOJIBKUX AECATBHIX JoJel rpajyca. ITockonbky nsme-
PEHUSI MOXKHO HOBTOPSTH KX/[bl€ HECKOJIBKO CEKYHJ[, 3TOT Me-
TOJ MMEET IPEUMYIIECTBO BBISBICHHUS M KOPPEKTUPOBKU JIIO-
60ro rnepeMeneHus (Ka4eHus) JaTIUKOB HA JTHE MOPSI.

CoueTtaHune ¢ AaTtymnKamun aaBneHnA

Hcnonb3oBanue gaTdnka VectorSeis JaeT onpejie/ieHHbIE IIpe-
UMyINEeCcTBa IIPH KOMIIEKCUPOBAHNN BEPTHUKAILHON KOMITIOHEH-
TBI C JATYNKAMH JTaBICHUA, A UMEHHO:

* B TO BpeMs Kak reopoH 061a/laeT CJI0KHOM (pa30BOI Xapak-
TEPUCTUKON BOJU3U COOCTBEHHON YaCTOTHI, AKCEIEPOMETP
VectorSeis 06;1a1a€T IOUTU IUIOCKOH XapaKTEePUCTUKON BO BCEM
CefiCMUYECKOM JIarla30He YacToT;

* B OJIMYME OT aKkcejsepomerpa VectorSeis, coGCTBEHHAA Jac-
TOTa reooHa 1 ero ¢a3oBas XapaKTEPUCTUKA ABJISIOTCA PYHK-
LIIeil TEMIIEPATYPBI U JAKE €r0 BO3PACTa.

ObOPVAOBAHME ANHA JINKBWAALWN

WCTOYHUK: INPUT/OUTPUT

SOURCE:

HEDIAHBIX PASIINBOB

SarpaaMTEnEHbIE W COPOHPYHOWME BOHOBRIE SarpamAeHHA;
D60pyROEaHKE fnA Chopa HEDTH C EOAKOH NOBEPXHOETH;
HinehHa W3 COpEHpYH WM MATEPHANGE
MoGMNbHbLIE EMEOCTH ANA BPEMEHRONO XPAHEHHA CODPAHHOR HEdTH;

YCTAHOBKM fNA 1'11”1”..1#”,'-’“‘ ;M HrAHHA) |'I-F'I'.1ITI:' COpepMALME OTEOA0E,
[-I'Itfll.H|..|'IHJ-|-'-]|L|I:-|.aHHhIL' nnagcpencrea
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Pressure Sensor Data Combination

The use of VectorSeis sensors also offers benefits to the P-Z
summation process:

- While a geophone exhibits a complex phase response
near its resonant frequency, the VectorSeis accelerometer
exhibits an almost flat response throughout the seismic band.

+ The geophone resonant frequency and associated phase
response can change with temperature and even age of the
sensor, whereas VectorSeis accelerometers are relatively
immune to these problems.

However, we face a challenge in combining pressure data
with accelerometer data. In order for the P-Z summation to
work, we must convert the data to the same domain. We must
cither integrate the acceleration data to make it look like geo-
phone data, or we must differentiate the hydrophone data
before summation. For a hydrophone, this differentiation can
be accomplished prior to A/D conversion very accurately
using standard hydrophone termination circuits. This results
in preservation of the maximum amount of the seismic signal
across the desired bandwidth. This approach has the further
benefit that all the signals can be subjected to identical instru-
ment transfer functions, permitting simpler and more accu-
rate P-Z summation.

Sensor Packaging

It is operationally advantageous to lay a cable under tension,
which offers several benefits:

- Better control on inline and crossline spacing.

- Improved coupling of the sensor to the sea bed (self-bur-
ial).

» Better control of the in-line orientation of the sensors,
allowing easier quality control of the data prior to full vector
rotation.

+ Reduced interstation cable costs and onboard cable stor-
age space.

However, a cable laid under tension can exhibit two unde-
sirable traits due to the rigid coupling of the sensor housing
to the cable. First, it is susceptible to noise as water currents
move across the cable. Second, it can act as an acoustic
antenna, creating an in-line array effect, which degrades vec-
tor fidelity and phase reliability.

One solution to this problem has been to eliminate cables
all together, and use independent sensor nodes. This
approach introduces logistical challenges in the field, and
suffers from other problems, such as flow noise around the
bulky nodes, deployment and positioning, etc.

For the VectorSeis Ocean (VSO) system, I1/0 has selected
an alternative approach. The sensor package is connected to
the cable using a unique and patented mechanical decou-
pling device (Fig. 4) to provide 20 dB of attenuation
between the cable and the sensor elements. This reduces
cable noise problems, while enhancing sensor coupling with
the sea floor and preserving all of the operational advan-
tages of cable deployment.

Field Results

A prototype VSO system was tested on the Ekofisk field in the
North Sea in the fall of 2002. The results of this test showed
good data quality and resolution (Fig. 2).

The first fully commercial VSO system with six cables is
currently operating in the Gulf of Mexico with approxi-
mately 1,500 4-component stations on 25-meter spacings.
At the time of this writing, processed data from this crew
are not yet available for publication.

Opnako, gaHHbIEe TUAPO(OHA HEIb3d HANPAMYIO KOMOUHH-
poBaTh C JAHHLIMU aKceaepoMeTpa. YTobsl cymmuposanue P-
Z 6b110 3(P(HEKTUBHBIM, HYKHO MEPECUUTATH JAHHBIE B OJHY
o61acThb. Jlo TAKOro CyMMUpPOBaHUA HAM HYKHO JINOO HHTETPU-
poBaTh TaHHBIE AKCEJEPOMETPA, YTOOBI OHM BBITIAAETH KaK
«reo(OHOBBIE JaHHBIE», TN60 ANPPEPEHIUPOBATEL TUAPOPO-
HOBBIE JaHHBIE. B ciygae rugpodona guddepernuposanue
HY>XHO BBIIOJHUTD JO aHAJIOIO-IM(POBOro Npeodpa3oBaHUs
OYeHb TOYHO, C MCIOJb30BAaHUEM CTAHAAPTHOH TEXHOJIOTUU
KUX-puiprpanuu, ¢ MaKCUMaJIbHBIM COXPAaHEHUEM CEHCMU-
YECKOT'O CUTHAJIA B HY’KHOU I0JI0CE 9acTOT. DTOT MOJXOJ UMe-
€T elle TO MPEUMYIIECTBO, YTO BCE CUTHAIBI MOTYT OBITH MOJ-
BEPTHYTHI UACHTUYHBIM allapaTyPHBIM II€PEJATOUYHLIM (PyHK-
LIUSAM, UTO IO3BOJISIET BBIIOJHUTHL 60Jiee IPOCTOE U TOYHOE
cymmuposanue P-Z.

KomMmnoHoBKa gatymka

TeXHOJIOI‘I/I‘IeCKI/I HpeI[HO‘ITI/ITeIII)Hee yKJIaI[I)IBaTI) JOHHDbIEC KO-
Cbl C HATSXKEHUEM, YTO JAET OINpPEAEICHHbIC IIPEUMYIIECTBA,
TaKue KakK:

« JIydlree COXpaHeHHe PACCTOSHUI B IPOJOJIBHOM U ITOIeped-
HOM HaIpaBJIE€HUSX;

* VAYYIIEHHBIA KOHTAKT JATUYUKOB C JHOM MOPs (caMo3ariyo-
JeHue);

M leqmee COXpaHeHI/Ie OpI/IeHTaL[I/II/I AJAaTYHUKOB B l'IpO,Z[OJII)HOM
HAIIPABJICHUY, YTO YIPOIAET KOHTPOJb KA4eCTBA IO IIOJHOTO
IIOBOPOTA BEKTOPA;

* CHIDKEHHE CTOMMOCTHU COEJUHUTENBHOTO KabGeIsl MEKIy
HyHKTaMI/I an/IeMa n yMeHI)H_IeHI/IC IIOMEICHUA 1A Xpa.HeHI/IH
KOC Ha 6OPTY cyqHA.

OjHaKO, TOHHBINA KaGeJIb, YJIOKEHHDBIA C HATSHKEHUEM, MOKET
00J1a1aTh JBYMS HEXKEJIATEIbHBIMI OCOOCHHOCTSMU H3-3a XKECT-
KOrO KOHTAaKTa KOpIyca JaTYMKOB C KabeyseM. Bo-epBbIx, moj-
BEPKEHHOCTb IIOMEXaM, CO3/IaBA€MBIM MOPCKUMH TEUEHUSIMHU.
Bo-BTOpBIX, KabeIh MOKET BECTH C€0s KaK AKyCTHYECKas aHTEH-
Ha, co3aaBasg 3(PPEKT IPyNIUPOBAHUS B IPOJOJHHOM (MHIANHO-
BOM) HAIIPABJIEHUU, YTO CHIDKAET TOYHOCTDb BEKTOPA KOIeOaHUiT
U HAJ[€XKHOCTD (Pa30BOI XaPAKTEPUCTUKH.

OJ1HO U3 penreHuii 3Toi NPOGIEMBI — HCIIOIb30BATH HE3ABH-
CUMbIE JOHHBIE CTAHI[UU BMECTO JOHHBIX Kabeaeil. PaGoTsl ¢
JOHHBIMU CTAHIIUAMUAU COprI}KeHLI C OHPCI[CJICHHI)IMI/I prﬂHO'
CTAMU, TAKUMH KAaK IIOMEXHU OT BOJbI, OOTEKAIOIIell KPYITHbIE
JOHHBbIE CTAaHI[UM, UX YCTAHOBKA U OIIpejeJeHUe MeCTOIIOJIO-
JKEHUS.

ITpu pa6ore ¢ xominexcom VectorSeis Ocean (VSO), xomma-
s 1/0 npeamowra aJbTepHATUBHBINA NoAX0J. UyBCTBUTEB-
HBIIl 3JIEMEHT COECJMHEH C JOHHBIM KabeJeM IMOCPEACTBOM YHU-
KaJIbHOTO 3aIaT€HTOBAHHOTO JAeMII(UPYIOWErO YCTPOHCTBA
(puc. 4), ocnabasiomero BiausHue kadeasd Ha 20 1b. 1o cHmKa-
€T IIOMEXH, co3JaBaeMble KabejaeM, OJHOBPEMEHHO YJIydIlast
KOHTAKT JAaTYNKOB C MOPCKHM JHOM U COXPaHss TEXHOJOTHY-
HOCTb YKJIAJKH KaOeIs.

Pe3ynbTaTbl MNoneBbiX
paboTt

IIpororun xommiexca VSO TecTupoBaicsa Ha MECTOPOKACHUN
Ikopuck B CeBeproM Mope B kKoHIle 2002 roaa. b moydeHsr
JJAHHBIE XOPOIIETO KA4eCTBA U BLICOKOTO paspemeHus (puc. 2).

ITepsborit KoMMepueckuii kKomiuieke VSO ¢ 6-10HHBIMU KOCaMu
B HACTOSAINIEe BPEMs HCIOJIb3yeTcd B MEKCHKAaHCKOM 3aiuBe
(mpuGsusurensHo 1 500 4-KOMIIOHEHTHBIX IYHKTOB IIpHUEMa C
marom 25 M). Ko BpemMenn Hammcanua jaHHON CTaThH emie He
ObUTO TOJYyYEHO pa3peNIeHHe Ha MyGJUKAIUIo 06pabOTaHHBIX
IIOJIEBBIX JJAHHBIX.

Ne6 June 2005 WioHb



Mbi BCerga Ha BbiCOTe

Pe3ynsTaTUBHOCTL

Hopeexcxan komMnarms Manpo
MOCTABALIAK JHEPMA W MK MIHIA,
0 Npasy rMopAWTCH BLN0NHAaHNEM
ceoNX MaclmaiHei nposxToa.

bl Ha~anH QoGeray HE HBIWWEM

HOBO0M HOCHTRAROM MECTORONIEHAN
Mpare, oueseaswom 8 2.5 munnuwapaa
AONNAROA, Ha 3 HEQENW PasHbLLE
rpaditka W noTpatne #a 160 mannuoHoE
ACNMARDE MEHBLUIE JANNAHWAROBRHROD,

W onepexszagM rpa 4K HA raa0aos
MEBCTORPO=OEHAN LhpMed Masne,
CTOMMOCTERD 10 MHNMNEa0E Aonnapos,
ST ATALWA KOTOROMD HAYMHETCA

8 2007 roay

Celvac Hawsa usne — YHaCTHe

f paspaborie LWTosmas0acKoND
MECTOPOROEHWA B BapaHLBEE0s MOpa
OUSHWBSEMOID B 30 MANNHapL08
acnnapos. M CMOMBM BENOMHWTE
NPOSKT TOMHO ND PadMKy ¥ B pEMEAX
DBt

Yt yaHaTE SOMblie o HWww
NPpEaNoYEHAHE D0 NpoeETy pad 3|.'|EI’:'l'EI“~I"|
LUTOKRRHOBCEOND MEC TOROEE8HAR
JadguTe Ha© ww hydino comdshiokman

TexHonorn, PeiynuTaTHoNOC T,
DbuwecTen.

HYDRO




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 10%)
  /CalRGBProfile ()
  /CalCMYKProfile ()
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 72
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 72
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>







    /HEB <>
    /ENU <FEFF00530063007200650065006e0020003700320020004400500049>
  >>
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [612.000 792.000]
>> setpagedevice


