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AHHOoTauua / Abstract

Bo3byxaeHune cencmmyecknx konebaHui asnaerca
Hanbonee 3aTPaTHOM YACTbIO CEMCMOPA3BEaKM.

MpeanorKeHo Ucnoib3oBaTb BO3OYKAEHUSA B
BO34yXe WIN B BOAE Ha 3HAUYNTE/NbHbIX YAANEHUAX OT
NMOBEPXHOCTM TBEPAOTO NOAYNPOCTPAHCTBA C
nocneayrouwein GoKyCUpPOBKOM sHeprum B 1tob6oi Touke
NOBEPXHOCTM TBEPAOrO NONYNPOCTPAHCTBA
npPeanoYTUTENIbHO C CEACMONPUEMHUKOM AaBNEHUA ANs
TOYHOM PerncTpaLmmn BCTYNIEHUNA aKyCTUYECKUX
MMMY/IbCOB.

[laHHble ANA KaXKA0ro CEMCMONPUEMHMKA Ha
NOBEPXHOCTU TBEPAOIO TENA CYMMUPYHOTCSA C
onepexeHMAMU, onpeaeneHHbIMU B TOUYKE GOKYCUPOBKY,
c obpasoBaHMeM GUKTUBHbIX CEMCMOTPamMMm C
BO30OYKAEHMEM B TOUYKE GOKYCUPOBKM.

MogenbHbli 3KCNEPUMEHT NOKa3aa BO3MOXKHOCTb
bOKYCUMPOBKM IHEPIMN Ha MAIOM YHACTKE NOBEPXHOCTU
ANaMEeTPOM MeHee YeTbIpex MeTPOB.

I'Ipe,u,naraelv\aﬂ TEXHONOINMA AO0/1XKHA AaTb
3Ha4YUTE/IbHOE COKPaALLLlEHWE 3aTPaAT, BpEMEHU U
9KOJI0r’M4eCcKne npenmmyLlecrtea.

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. BeegeHue [/ Introduction

Bo3byxaeHue ynpyrux kosebaHuii npu
ceMcmopasBegKe TpebyeT 3HaUNTeNbHbIX 3aTparT,
0CO6EHHO Npn HEOBXOAMMOCTUN CTPOUTENLCTBA A0POT
M MPOCEK , YTO HAHOCUT IKOJIOTUYECKUIA YPOH.

B ropHbIX ycnoBUSAX, KyN1bTYPHOM 30HE U B
3anoBeAHWKax OTPaboTKa perynsapHbIX cuctem Boobuue
HeBO3MOXHa. [pu Bo3b6yKaeHUn konebaHun B
BO34yXe Ha 3HAYUTE/IbHOM BbICOTE HE BO3HMKaEeT
TPAHCNOPTHbIX M 3KONOrMYEecKux npobiem, Ho n3-3a
CUNIbHOTO NPEIOM/IEHUA NULb HEe3HAYMUTebHaA YacTb
3Heprnn NAET Ha popmmMpoBaHMe MYyOUHHbIX
OTpPa*KeHUM.

MpeanorkeHo popMmnpoBaTb Ha NOBEPXHOCTHU
TBEPAOM Cpeabl NOKANN30BAHHbIN MMMYNbC AaBNEHUA
NYTEM HaKanMBaHUSA UMMNYNbCOB OT MHOTUX
BO34EMNCTBUI C ONEPEKEHNAMM, PAaBHbIMM BPEMEHMN
NPMXoAa akyCTUYECKOM BOHbI B TOUKY 10KaN3aLMmn

[1].

Ha mogenbHom npumepe NoKasaHo, YTo npu
BO30OYyKAeHMM Ha BbicoTe 800 M. BO3MOXKHa
KOHLLeHTpauma IHeprmm Ha naowagKke gmameTpom
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. leomeTpusa HabnogeHum / Acquisition geometry

AKYCTHNHECKAA
CPEOA

YIIPYIAsI
CPEJIA

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

Ana nposeneHUs cermcmopasBeaKu
CEMCMONPUEMHMKIN PACMoNaratoTcs Ha BCEN MAWM YacTu
nccnegyemom naowagu. B Kaxkaol Touke npuema
BegeTcs IM60 HenpepbIiBHAA perucTpauma ¢ pukcaumnen
aCTPOHOMWYECKOro BpemeHu, nuMbo peruncrpaums,
CUHXPOHM3MPOBAHHAA C BO3OYXKAEHMEM. Ha
3HAYMTENIbHOW BbICOTE B TOYKax 6 MNPoOU3BOAUTCS
BO30OYKAeHME 3BYKOBbIX KOebaHM N1106bIM B3PbIBHbIM
WAN HEB3PbIBHbIM MCTOYHMKOM BO MHOMECTBE TOYEK
TaK, 4TOObl Ka)kAbl U3 CEeNCMOMPUEMHUKOB Obin
06/ly4eH CO BCEX asMMYTOB W 3EHUTHbIX YI/I0B.
MHaekcom 5 0603HayeHbl MyTM 3BYKOBOW BOJIHbI U3
MCTOYHWMKA K NPUEMHMKaM, MHAekcom 10 — nyum ana
npeAenbHbIX yaaneHun oT GUKTUBHbIX WUCTOYHWUKOB 4.
MHoekcom 9 o603HauyeHbl AManas3oHbl yAaneHui ot
OUKTMBHbBIX MUCTOYHUKOB 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



3. PopmuposaHue PpuKTUBHbLIX cercmorpamm / Combining of artificial

seismograms

®PUKTUBHbIE CeNcMorpaMmbl MOryT ObiTb
chOpMMPOBaAHbI B KaXKA0M TOYKE MOBEPXHOCTMU
TBEPAOro MOAYNPOCTPAHCTBA, Hag, KOTOPbIM
npoun3BeaeHbl BO3OyXKaeHMS.

MpeanoyYTUTEeNbHO COBMELLATb 3TU TOYKU C
MeCTaMWn PacnoNOXKeHUA CEMCMONPUEMHUKOB,
roe K obbl4HbIM AaTyMKam nose3Ho Jo06aBuTb
JATYNKM  OaBNEHUA C  LUEeNbild YTOYHEeHuA
BPEeMeHM NPUXoaa 3BYKOBOW BOJIHbI.

Ana NMNOJIHOIo MCMNoJ1b30BaHUA
3036y>Kp,aeN\of/'1 IHeEprmMn, a TaKxKe AO4A4
ocnabnenHus BOJIH-NOMEX LI,el'IECOO6pa3HO

dopmunpoBaTb (PUKTUBHbIE CENCMOrpPamMmbl C
ManbiM LIAroM TaKXKe WM B TO4YKax, rae
OTCYTCTBYIOT CEMCMONPUEMHUKN. ITO NO3BOINT
cbopmmnpoBaTb nnowaaHble rpynnbl
MCTOYHMKOB, MPUMbIKaloWmMe Apyr K Apyry u
MONHOCTbIO  MOKPbIBalOWME  MOBEPXHOCTb
nnaowaan HabntoaeHnn 6es cryueHna cucTemsl
HabaaeHUN.

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 cericmorpamm / Generation of artificial

seismograms
CpopmmnpoBaHHbIE Ana KaXaoro Groups of primary seismograms combined
OUKTUBHOIO MNYyHKTa BO3OY)XAEHMA NaKeTbl for each artificial shot point have to be stacked
NepBUYHbIX CEMCMOrpaMmm HaKan/auBaloTCca Mo in accordance with:
dbopmyne:
rae |- kpyrosas uactora; where - circular frequency;
Sl(w) - npeobpasoBaHune Pypbe ans Sl(w) - Fourier transform of stacked trace
n CYMMapHOW Tpacchbl, NpeacTaBaAtoLen n which is approximation of trace in
cobol NnpmbnmkeHne K Tpacce B TOUYKe point “n” from artificial shot in point
«Nn» OT GUKTUBHOIO UCTOYHUKA B TOUKE n=l;

n=l; - Fourier transform of real seismic

S (w)
- npeobpazosaHune dypbe oT trace, registered by geophone in point
n

peanbHOM CEMCMNYECKOM TPaCChlI, “n” from real source in point “m”;
3aperncTpMpoBaHHON
CENCMONPUEMHUKOM B TOUKE «N» OT ét - travel time for sound wave from real
P€asIbHOro NCTO4YHMKA B TOHKE «mM»; m, | source in point “m” to artificial source
o in point “I”.
ét -BpemsA npobera 3ByKOBOW BOJIHbI OT

m, | pPeanbHOro UCTOYHMKA B TOUYKE «M» A0
GUKTUBHOIO UCTOYHMKA B TOUKE «I».



4.MonyyeHne GUKTUBHbLIX cericmorpamm / Generation of artificial
seismograms

CyMmMmapHble CEMCMOrpamMmbl, MOSyYeHHble
TakMm obpasom, MoryT 6bITb UCMO/Ib30BaHbI B
AanbHenwen obpaboTke Kak obblyHbIE.

Ceicmorpammbl C MasibiM LIArom MOryT
CYMMMPOBATLCA AN1A 0cabneHna nomex nocne
BBOAA KUHEMATUKM, obpasyto
NPOCTPaHCTBEHHbIE FPYNMbI.

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.Moaenuposanue / Modeling
5.1 Cxema mogenbHoro akcnepumeHTta / Geometry of the model
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(V = 340 m/c)

INpnemHukn
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Ynpyras cpega

Puc.2. leomempusa mooenbHo2o aKkcnepumeHma. / Fig.2. Modeling geometry

MoaenbHbI 3KCNEPMMEHT BbINONHEH Ha
cxeme, Wu300paxkeHHOM Ha Puc.2. Touku
BO3OYy)KAEHMA pacnonarainucb Ha yaaleHuax
A0 5 KM OT TOYKM pacnosiokeHna GUKTUBHOIO
MCTOYHMKA Ha NPAMOJMHENMHOM npoduae Ha
BbicoTe 600 m ¢ warom 50 m. [na oueHKu
pacnpegeneHna AasneHUA Ha MNOBEPXHOCTU
nocne bOKYCUMPOBKHU CEMCMONPUEMHMUKN
pacnoso)eHbl Ha yaaneHun o 20 m ot
OUKTUBHOIO NCTOYHMKA C LWArom 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 CymmapHaa cencmorpamma 3B8yKOBOTO AaB/IeHUA HA NOBEPXHOCTb
/ Stacked seismogram of acoustic pressure on the surface
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Puc.3. Pe3ynbmam HAKanaueaHus aKycmu4eckux cueHasno8 Ha nosepxHocmu. / Fig.3. Result of acoustic
signals stacking on the surface

Pe3ynbraT HaKan/MBaHUA MMMY/1IbCOB Stacking result shows that sound pressure
NAaBNEHNA Ha MOBEPXHOCTM MNOKa3bIBAET, YTO pulse may be concentrated on area with
3BYKOBaA BO/IHA MOKeT ObITb diameter less than 4 m. (Fig.3.)

CKOHLEHTPUPOBAHA Ha NaowaaKke meHee 4 m.
(Pnc.3.)



5.3 AMNAuTyAa nmnynbca 3ByKOBOro gasneHus / Sound pressure
impulse amplitude

PacyeT MaKCMManbHOro YpOBHA 3BYKOBOIO AaB/1IeHUA
®BC Bubpartop

1. MNopor cabiwmmocTtn (0 Db). 20 pPa

2. Npepen HeTpaBmupytoulero 3syka (120 Db). 20 Pa (2 Kkrc/m?)

3. Yny4lueHmne OTHOLLIEHUA CUTHaN/LWYyM Npu 200 Krc/m?
HakanauBaHmu. Hanpumep, 10000 Bo3aencTeumn
(10x10 km c warom 100 m).

4. MnowaaHoe rpynnupoBaHue 6e3 nckaxkeHusa
none3HbIX BO/H (C npeaBapuTebHbIM BBOAOM
KMHEMaTMUYeCKMX nonpasBokK). Hanpumep, 50m x
50m = 2500 m?.

5. Bbimrpbilw B reomeTpnUYeCcKOM PacxXoxKaeHnmn 5000 T1c
OTHOCUTENbHO BMbpaTopa (npumepHo B 10 pa3).

MNpenmywectsamu PBC asnaerca:

1. BO3MOXHOCTb NAOLAAHOIO rmPynnpoBaHnNA, KOTopoe ABAAETCA 3KOHOMUYECKU 3aTPATHbIM
B C/Zlydae NCnosib3oBaHUA CTaHAAPTHbLIX NCTOYHUKOB BO36y)K,CI,eHI/IFI.

2. B0O3MOXHOCTb peructpaumm UCTUHHOM GOpPMbI CUrHA/Ia C YCTaHOBKOM AaTYMKa AaBAEHMUA.



5.4 BonHoBoe noJse ynpyrux BosH Ha nosepxHoctu / Wavefield of
elastic waves on the surface

AO0 GO0 800 AO00 A 200 A A0 A 600

ace: Z

Puc.4. BonHogoe rosne ynpyaux 80sH Ha nosepxHocmu. / Fig.4. Wavefield of elastic waves on the surface

Puc.4. UNNIOCTPUPYET BO3MOXHOCTb This concentrated pulse provides
nony4yeHna OObIYHOM CencMorpammbl  OT seismogram similar to that from traditional
CKOHUEHTPUPOBAHHOIO NOBEPXHOCTHOIO surface source.

MCTOYHUKA.



5.5 CuHTeTHMUYecKoe rpynnuposaHue / Synthetic mixing
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Puc.5. UcxoOHoe sonHosoe none (1) u pesynbmam epynnuposaHuA (2). / Fig.5. Source wavefield (1) and
result of mixing.

BO3MOKHOCTM KOPPEKTHOIO Possibilities of correct spatial mixing are
NPOCTPAHCTBEHHOrO rPYNNMpPOBaHUSA shown on fig.5.
npuBeAeHbl Ha puc. 5.



6. BbiBoabl / Conclusions

MNpeactaBneH HOBbIW crnocob
P oKycMpoBaHHOM Bo3aywHomn
CeicmopasBeaKu (®BC), HOBW3Ha n
TeXHUYecKas OCYLLECTBUMOCTb KOTOpOro

noaTBeprKAeHa nateHTom P® u akcnepTU3omn
PCT.

Ha MoaenbHbiXx 3KcnepuMmeHTax MNoKasaHa
BO3MOXHOCTb GOKYCMPOBKMK, AOCTaTOYHON ANNA

Lenem CcencmopasBedKku, a TaKXe HoBaA
BO3MOXHOCTb NPOCTPAHCTBEHHOIO
rPYyNNMPOBaHMUA.

Ncnonb3oBaHue npeasoXKeHHOoM
TEXHONOIMM  MOXKeT obecnedyntb KpaTHoe

COKpalleHMe 3aTpaT Ha celicmopasBedKy npwu
PE3KOM COKpaLLLEHNM 3KOIOrMYECcKoro yuiepba.

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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