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AHHoTauua / Abstract

Bo3byKaeHue celicmmnyeckmx KonebaHui senseTca
Hanbonee 3aTPaTHOM YACTbiO CEMCMOPA3BEAKM.

MpennoXeHo Ucnoib3oBaTb BO3OYKAEHMA B
BO34yXe UM B BOAE HA 3HAUYUTENbHbIX YAANEHUAX OT
NMOBEPXHOCTM TBEPAOro NOMYNPOCTPAHCTBA C
nocneayouweinn GoKycMpoBKOM SHEPTUM B 110OOI TOUKe
NMOBEPXHOCTM TBEPAOro NONYNPOCTPAHCTBA
npeanoYTUTENIbHO C CEMCMONPUEMHUKOM AaBAEHUA ANA
TOYHOW PerncTpaumnm BCTyNIEHUA aKyCTUYECKUX
MMMNYNbCOB.

[laHHble ANA KaXKAoro ceMCMonprUeMHHMKa Ha
NMOBEPXHOCTM TBEPAOrO TeNa CYMMMUPYHOTCA C
onepeXKeHUAMN, onpeaeeHHbIMU B TOUKe GOKYCUPOBKM,
c obpa3oBaHMEM PUKTUBHbIX CEMCMOTPaMm C
BO3OYKAEHMEM B TOUKE POKYCUPOBKMU.

MogaenbHbI 3KCNePMMEHT NOKa3al BO3MOMXKHOCTb
(bOKYCUPOBKM IHEPTUM HA MA/IOM y4acCTKe MOBEPXHOCTH
ANAMETPOM MEHEE YETbIPEX METPOB.

I"Ipep,naraefv\aﬂ TEXHONOIMA AO0J/1XKHA AaTb
3Ha4YNTE/IbHOE COKpaLleHNE 3aTpPaT, BpeEMEHU U
9KoJiormyeckme npenmyLecrtBa.

Generation of seismic energy is one of the
most expensive parts of seismic prospecting, especially
under complicated surroundings.

It is proposed to use shots in air and water
media on remote distances from the surface of solid
semispace with later focusing of energy on any point of
solid surface preferably with pressure geophone to
register time of acoustic arrivals.

Records for each geophone on the surface of
solid semispace are stacked to provide fictitious
seismogram with shots in the points of focusing.

Model simulation has shown possible
concentration of energy on small area less than four
meters in diameter.

Proposed technology promises high shortening
of expenses and ecological advantages.
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1. BeBepeHue [/ Introduction

Bo3byxaeHune ynpyrmux konebaHmm npu
cericmopa3sBeake TpebyeT 3HaYUTeNbHbIX 3aTPaT,
0cobeHHO Npu HeobxoaMMOCTU CTPOUTENbCTBA A0POT
M NPOCEK , YTO HAHOCUT 3KOJIOTMYECKUIA YPOH.

B ropHbIX YyC10BUAX, KyNbTYyPHOM 30HE U B
3anoBeaHMKax oTpaboTKa perynapHbIXx cuctem Boobuye
HeBO3MOXHa. [Mpun Bo3byKaeHUn konebaHun B
BO34yXe Ha 3HAYUTE/IbHOM BbICOTE HE BO3HUKAET
TPAHCNOPTHbLIX N 3KONOTUYECKMX Npobaem, HO 13-3a
CUNbHOTO NPEIOMAEHNA NULWb HE3HAYNTENbHAA YaCTb
sHeprum naet Ha ¢opmmposBaHue rMyObUHHbIX
OTPaXKeHUN.

MpeanoxeHo popmmpoBaTb Ha NOBEPXHOCTH
TBEPAOW Cpeabl NOKANU30BAHHbIA MMMYbC AaBAEHMUA
NYTEM HAaKaNAMBAHUA MMMNYNbCOB OT MHOTUX
BO34ENCTBUIN C ONepeeHNAMMN, PpaBHbIMN BPEMEHM
NPUX0Aa aKyCTUYECKOM BO/IHbI B TOYKY 10KaIN3aumm

[1].

Ha mogenbHOM npumepe noKasaHo, 4To npu
BO36yKaAeHMM Ha BbicoTe 800 M. BO3MOXKHA
KOHUEHTpaumMa SHeprMn Ha NaAowaaKke AnameTpom
meHee 4 m.

Seismic shots especially under severe
surface conditions when roads have to be
provided for heavy vehicles are very expensive
and ecologically damaging.

In mountains, strongly inhabited and
reservations regular geometries cannot be
provided. For shots in the air or water there are
not transport or ecological problems but most
of exited energy is converted to surface waves.

It is proposed to provide concentrated
pulse of pressure on the surface where artificial
shots have to be placed by stacking of pulses
from distributed in space real shots with
negative delays equal to arrivals of acoustic
pulses to the point of artificial shot[1].

It is shown on the model, that air shots
800m height may be focused to area less that
4m in diameter.




2. leomeTpua HabnoaeHui / Acquisition geometry

Elastic medium

Puc.1. leomempus cucmemsi HabaroeHus. / Fig.1. Observation system geometry

Ans npoBeaeHMs cenmcmopasBeaKu
CEMCMONPUEMHUKM pacnonaratoTca Ha BCEM MU 4YacTu
nccnegyemon nnowaau. B KaxkgoW Touyke npuema
BegeTcAa nMbo HenpepbiBHAA perncrpaunsa ¢ dukcaumen
aCTPOHOMWYECKOTO BpemeHun, nubo perucrpauus,
CUHXPOHM3NPOBaAHHaA C BO3OYKAEHMEM. Ha
3HAUUTENbHOM BbICOTE B TO4YKax 6 npomusBoauTcA
BO30OYKAeHMe 3BYKOBbIX KonebaHnii 1106biM B3PbIBHbIM
MAN HEB3PbIBHbIM MCTOYHUKOM BO MHOMECTBE To4eK
TaK, 4YTOObl KaxKablh U3 CENCMONPUEMHUKOB Obin
obnyyeH CO BCeX asMMYTOB WM 3€HWUTHbIX YI/IOB.
MHpoekcom 5 0603HayYeHbl NyTU 3BYKOBOM BOJIHbI W3
MCTOYHMKA K NMPUEMHMKaM, MHaekcom 10 — nyum ans
npeaenbHbIX yaaneHui oT GUKTUBHbLIX UCTOYHUKOB 4.
MHpoekcom 9 o0603HauyeHbl AManasoHbl yAaNeHuih oT
GUKTUBHbBIX MCTOYHUKOB 4.

Geophones are placed on the investigated area as
usual. Seismic records in each receiver points are
made either continuously with fixing of astronomical
time or synchronized with shots. The shots (6) are
regularly distributed on sufficient height above
investigated area providing full set of space incidence
directions for each receiver (3).

Other indexes on the figure:

4- artificial sources;

5- ray path source to receiver;

9- offset ranges for artificial seismogram;

10- boundary ray paths for remote sources




®PUKTUBHbIE CeNcMOorpaMmmbl MOTYT ObiTb
chopMUpPOBaHbI B KaXKA0l TOYKE NOBEPXHOCTU
TBEPAOro MOAYNPOCTPAHCTBA, HaJ KOTOPbIM
npousBeeHbl BO3OYKaeHUs.

I'Ipep,nhoMTeano coBMelwaTtb 3TU TOYKN C
MeCTaMUN pPacnosloKeHnA CEVICN\OHpMEMHMKOB,
rae K 0bObIYHbIM AaTYNKaM MO/1Ee3HO [1,06aBMTb
AaTYNK1  AgasaeHna C uUenbko YTOYHEHWUA
BpeMeHu Nnpumxoda 3ByKOBOl\/JI BOJIHbI.

nna NOJIHOTIO
BO3Oy)KJAaeMOM 3Hepruu, a TaKkKe Ans
ocnabneHna  BonH-Nnomex uUenecoobpasHo
bopMmnpoBaTb PUKTUBHbIE CEMCMOTPaAaMMbl C
Ma/ZibiM LIAaromM TaKXe W B TOYKax, rae
OTCYTCTBYIOT CEMCMOMNPUEMHUKN. ITO NO3BOSIUT
chopMmnpoBaTb nAoLwaaHble rpynnbi
MCTOYHMKOB, MPUMbIKAOWME APYr K Apyry U
NO/IHOCTbIO NOKpbIBAalOWME  MOBEPXHOCTb
naowaan HabaoaeHnin 6e3 cryuweHmna cMcTtembl
HabnogeHun.

MCMNoJ1b30BaHUA

3. dopmuposaHue puKTUBHbLIX ceicmorpamm / Combining of artificial
seismograms

Artificial seismograms may be combined for
shot in any point of solid half space which was
illuminated by adequate system of covering
shots.

The best position for artificial shot points
are receiver points.

It is useful to put artificial shot points all
through the area of investigation with small
step, where geophone may be absent.

Finally areal groups of artificial shots may
be combined providing continuous coverage of
investigated region’s surface.




4.MonyyeHne GUKTUBHbLIX ceicmorpamm / Generation of artificial
seismograms

CpopmupoBaHHbIe anAa KaxKao0ro Groups of primary seismograms combined
OUKTUBHOIrO MNyHKTA BO30OYyXAEHUA NaKeTbl for each artificial shot point have to be stacked
NepPBUYHbIX CEMCMOrpPaMMm HaKanaMBatoTcA No in accordance with:

dopmyne:

S] ( w ) = > S::I ( w )e “m,I-

rae |- kpyrosas uactora; where - circular frequency;

ot

- npeobpasoBaHue Pypbe Ans
CYMMapHOMN TpaccChbl, NPeACcTaBaAtoLLLEN
cobon npubnmkeHune K Tpacce B TOYKe
«Nn» OT PUKTUBHOIO UCTOYHUKA B TOYKeE
n=l;

- npeobpasoBaHune Pypbe oT
peanbHOM CEMCMUYECKON TPaCChl,
3aperncTpupoBaHHOMN
CEMCMONPUEMHMKOM B TOYKE «N» OT
peasibHOro NCTOYHMKA B TOUKE «mMY;

-Bpemsa npobera 3ByKOBOM BOJIHbI OT

m, [ peaNibHOro MCTOYHMKA B TOUKE «m» A0

GUKTUBHOIO NCTOYHMKA B TOUKE «I».

- Fourier transform of stacked trace
which is approximation of trace in

point “n” from artificial shot in point
n=I;

- Fourier transform of real seismic
trace, registered by geophone in point
“n” from real source in point “m”;

- travel time for sound wave from real
source in point “m” to artificial source
in point “I”.




4.MonyyeHne GUKTUBHbLIX ceicmorpamm / Generation of artificial
seismograms

CymmapHble cencmorpammbl, NOJYYEHHble
TaKUm obpasom, moryt 6bITb UCNONb30BaHbI B
panbHenwen obpaboTke KaK 0bblYHbIE.

CelicmMorpamMmmbl C Ma/JibiM LIAroM MOryT
CYMMMPOBATLCA AN1A 0cabneHna nomex nocne
BBOJA KUHEMATUKM, obpasyto
NPOCTPAHCTBEHHbIE FPYMMbl.

Stacked seismograms obtained in this way
may be later used like traditional ones.

Space mixturing after dynamic shifts may
be used for nearby shots to provide space
spreads for attenuation of noises.




5.MoaenuposaHue / Modeling
5.1 Cxema moaenbHoro saKcnepumeHTta / Geometry of the model

Real sources (imax. distance 5000 m, step 50 m)

Acoustic medium
(V = 340 m/s)

Receivers

(max. distance 20 m, step 2 m)

Elastic medium

Puc.2. [eomempusa mooesnbHo20 skcnepumeHma. / Fig.2. Modeling geometry

MopaenbHbi 3KCNEPUMEHT BbINOJIHEH Ha
cxeme, wu306parkeHHoM Ha Puc.2. Touku
BO30OYyXXAEeHMA pacnosiiaraimcb Ha yaaneHuAax
A0 5 KM OT TOYKM PacnosioKeHus GUKTUBHOIO
MCTOYHUKA Ha NPAMOJIMHEMHOM npodune Ha
BbicoTe 600 m ¢ warom 50 m. [InAa oueHKwH
pacnpegeneHna p[aB/leHUA Ha MNOBEPXHOCTU
nocne bOKYCMPOBKMU CEMCMONPUEMHUKHN
PaAcnosioXeHbl Ha yaganeHun go 20 m ot
OUKTUBHOIO MCTOYHMKA C LWIArom 2 M.

Geometry of modeling is depicted on Fig.2.
Shots were put on profile 600m height every
50m with offsets up to 5000m. Geophones
were on position 2m apart.




5.2 CymmapHana cercmorpamma 3ByKOBOTO AaB/1eHUA HAa NOBEPXHOCTb
/ Stacked seismogram of acoustic pressure on the surface
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Puc.3. Pe3ysbmam HaKanaueaHUA aKycmuy4yecKux cu2Has108 Ha nosepxHocmu. / Fig.3. Result of acoustic
signals stacking on the surface

PesynbraT HaKan/AnMBaHUA MMMY/1bCOB Stacking result shows that sound pressure
NAB/NIEHMS HAa MNOBEPXHOCTM MOKa3bIBAET, YTO pulse may be concentrated on area with
3BYKOBasA BO/IHA MOXeT ObITb diameter less than 4 m. (Fig.3.)
CKOHLIEHTPMPOBaHa Ha nNaouwaaKke meHee 4 m.

(Puc.3.)




5.3 BonHoBoOe noJse ynpyrux BosiH Ha nosepxHoctu / Wavefield of
elastic waves on the surface

OO0 [=1uln] 800 A OO0 A 200 A A0 1600

Surface: =Z

Puc.4. BonHosoe nosne ynpyaux 8osaH Ha nosepxHocmu. / Fig.4. Wavefield of elastic waves on the surface

Puc.4. WNNIOCTPUPYET BO3MOXHOCTb This concentrated pulse provides
nony4YyeHna OObIYHOWM CeMcMOorpammbl  OT seismogram similar to that from traditional
CKOHLLEHTPMPOBAHHOIO NOBEPXHOCTHOIO surface source.

NCTOYHUKA.




5.4 CuHteTnuyecKoe rpynnuposaHue / Synthetic mixing
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Puc.5. icxoOHoe sonHosoe none (1) u pesynomam epynnuposaHus (2). / Fig.5. Source wavefield (1) and
result of mixing.

BO3MOXHOCTU KOPPEKTHOTO Possibilities of correct spatial mixing are

MPOCTPAHCTBEHHOrO rPYyNMNMpPOBaHUSA shown on fig.5.
npueeaeHbl Ha puc. 5.




6. Bbieoabl / Conclusions

MpeacTtaBneH HOBbIN cnocob
doKycupoBaHHOM Bo3ayLiHoM
CenicmopasBeaku (PBC), HOBW3HA n
TeXHU4ecKas OCYLLLECTBUMOCTb KOTOporo
noAaTeseprKaeHa nateHTom P® u sKcnepTU30M

PCT.

Ha mopenbHbIX 3KCMepMMeHTax MoKasaHa
BO3MOXHOCTb POKYCMPOBKN, AOCTAaTOYHON ANSA
Luenen cenmcmopasBellkM, a TaKXKe HoBaf
BO3MOXHOCTb NMPOCTPAHCTBEHHOIO
rpynnupoBaHus.

Ncnonb3oBaHue npeasioXKeHHoM
TEXHOJIOTUM  MOMKET obecneynTb KpaTHoe
COKpallleHne 3aTpaT Ha celicMopasBeaKy npwu
PE3KOM COKPaALLLEHMN SKOJIOTMYECKOTO Yylepba.

New Focused Airborne Seismic Prospecting
(FASP) is presented and confirmed by RF patent
and PCT expertise.

Modeling showed that focusing is adequate
to provide concentrated shot on the surface
and additional feature of space mixturing is
available.

Proposed technology provides multiple
shortage of expenses plus better ecological
safety.
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