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1. BBegeHue / Introduction

Bo3byxaeHne cemcMmnyeckux konebaHum
siBNSeTca Hambonee 3aTpaTHOW 4acTblo
cencMopasBeaku.

[MpeanoXeH HOBbIM 3anaTeHTOBaHHbLIN
MeTod dPOpMUPOBaAHUS Ha MOBEPXHOCTU
TBEPAOU cpeabl noKarnn3oBaHHOIo
nMnynbca JaBNeHuns nyTem
HaKananBaHUS akyCTUYECKUX UMNYSbCOB
oT MHOTUX, HaXxoOsLLMXCA Ha
3Ha4YUTESNbHbIX yaaneHusx, BO34encTaum
B BO31yXe WU B BoAe.

[aHHble ans Kakgoro
CENCMOMNPUEMHMKA Ha  MOBEPXHOCTU
TBEpAoOro Tena CYMMUPYIOTCA C
OMepexXeHnsMu,  onpegesieHHbIMKU B
TOYKe (OOKYCUPOBKN, C 0bpasoBaHMEM
PUKTUBHBIX cencmorpamm C
BO30OyXXaAeHMEeM B TOYKe (DOKYCUPOBKN.

Generation of seismic energy is one of
the most expensive part of seismic
prospecting.

The new patented method of
concentrated pulse of pressure
generation on the surface is proposed.
The pulse is concentrated by means of
acoustic impulses accumulation from
many  excitations located on
considerable distances in air and water.

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



1. BeegeHue [/ Introduction

Mpon3BO/ILHOCTb BbIbOpa TOYeK
$GOKYCMPOBKM Ha MOBEPXHOCTM TBEPAOro
MONYNPOCTPAHCTBA  Aae€T  BO3MOMKHOCTb
dopMnpPoBaHUSA 3P PEKTUBHbIX
NPOCTPAHCTBEHHbIX CUCTEM HabaoaeHus,
MONHOCTbIO MOKPbIBAKOLWNX UCCAeayeMYO
obnactb, 6€3 cryueHms.

Mpeanaraemas TEXHONOrMA AOONXKHA [AaTb
3HayuTenbHoe COKpalleHue 3aTpar,
BPEMEHW U 3KONIOTMYECKNE NPENMYLLECTBA.

Ha MmogenM nokasaHa  BO3MOXHOCTb
bOKYCUMPOBKM 3IHEPTUM HA MaNOM Yy4acTKe
NMOBEPXHOCTU, a TaKXKe NpeAcTaBaeH Nnpumep
KOPPEKTHOTO MPOCTPAHCTBEHHOTO
rpynnupoBaHus.

Randomness of a choice of focusing points
on semi-infinite solid gives the chance of
effective  spatial observation systems
construction which are completely covering
the investigated area without condensation.

Proposed technology promises high
shortening of expenses and ecological
advantages.

It is shown on the model , that energy can
be focused on tiny area on the surface and
additional feature of space mixturing is
available.



2. leomeTpusa HabnogeHum / Acquisition geometry

AKYCTUNHECKAA
CPEOA

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

Ans npoBeAeHnA cencmopasBesKm
CEMCMONPUEMHMKM PACMNONAraloTCA Ha BCEM UM YacTu
nccnegyemom nnowapu. B Kapon Touke npuema
BegeTcAa nMbo HenpepbiBHAA perncrpaumsa ¢ Gukcaumen
BPEMEHU, MO0 perncrTpauma, CUHXPOHU3UPOBAHHAA C
BO3Oy)XaeHnem. Ha 3HaumTenbHOM BbiCOTE B TOYKAx 6
npou3BoaMTCA BO3OYy)KAEHMEe 3BYKOBbIX KonebaHui
Nto6bIM B3PbIBHbIM MM HEB3PbIBHBbIM MCTOYHMKOM BO
MHOXEeCTBe  TOYeK TaK, 4Tobbl  KaxKapll  u3
cencmonpuemHuKkos (3) 6b1n 061y4eH co BCeX a3MMyTOB
M 3eHUTHbIX yrnoB. NHAekcom 5 o0603HayeHbl MyTH
3BYKOBOM BOJIHbl M3 WCTOYHMKA K MNPUEMHUKaM,
nHaekcom 10 — nyum ana npepenbHbiX yAaNeHUn ot
OUKTUBHBLIX UCTOYHUKOB 4. MHAEeKcom 9 0603HayeHbl
ANana3oHbl yaaneHUm oT PUKTUBHbIX UCTOYHUKOB 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

ChopmMpoOBaHHble ANns
GUKTUMBHOTO MNYHKTa BO3OY)KAEHMA NaKeTbl
MepPBUYHbIX CEMCMOrpamm HaKanamMBaktoTCcA Mo

seismograms

dbopmyne:

rone w

Sy (w)

Sn (W)

Otm i

M

Ka)Xgoro

Groups of primary seismograms combined
for each artificial shot point have to be stacked
in accordance with:

Shw)= ) Sm(wel@m)

m=M1

- KpyroBas 4acTorTa;

- npeobpazoBaHme Pypbe ana
CYMMAPHOW TPacChbl, NPeACTaBAAIOLLIEN
cobol NnpmbnmkeHne K Tpacce B TOUYKe
«Nn» OT PUKTUBHOIO MCTOYHMKA B TOUKE
n=l;

- npeobpazoBaHme Pypbe oT
peanbHOn CEMCMUYECKON TPaccChl,
3aperucTpMpoBaHHOM
CEMCMONPUEMHMKOM B TOUKE «N» OT
peasibHOro NCTOYHMKA B TOUYKE «m»;

- BpemsaA npobera 3ByKOBOW BO/IHbI OT
peasibHOro UCTOYHKMKA B TOYKE «mM» A0
GUKTUBHOIO MCTOYHMKA B TOUKE «I».

Sn (W)

where w - circular frequency;

i _ .
S, (w) - Fourier transform of stacked trace

which is approximation of trace in
o7

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

- 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 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)
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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 MakCMManbHOTO YPOBHA 3BYKOBOro AaBnieHua /
Maximum level of sound pressure calculation

®BC Bubparop
1. Nopor cabiwmmocTu (0 Db). 20 pPa

2. Npeaen HeTpaBmupytoLero 3syka (120 Db). 20 Pa (2 krc/m?)

3. YnyJlleHne OTHOLWEHUA CUTHAN/WYM NPU HaKanJInBaHUMN. 200 krc/m?2
Hanpumep, 10000 Bo3aeiictanii (10x10 Km ¢ warom 100 m).

4. NnowaaHoe rpynnupoBaHue 6e3 nckaxeHmns nonesHoix BonH 500 Tc
(c npeaBapuTENbHBIM BBOAOM KMHEMATUYECKUX NMOMNPABOK).
Hanpumep, 50m x 50m = 2500 m?2.

5. BbIUrpbIL B reOMETPUYECKOM PACXOXKAEHMN OTHOCUTENBHO 5000 Tc
Bubpatopa (npumepHo B 10 pas).

MNpenmyuwectsamn OBC aBnaetca / FAS advantages:

BO3MOXHOCTb NAOWAAHOIO0 rPYNUPOBaHMUSA, 1. Areal grouping possibility  which s
KOTOpOe SIBNAETCA 3KOHOMWYECKM 3aTPaTHbIM economically expensive in case of use of
B CAy4ae WCNONb30BaHWA  CTAHAAPTHbIX standard sources .

MCTOYHUKOB BO36y)Kﬂ,eHI/IFI :

2. True signal form registration with the use of
BO3MOKHOCTb perncTpaumm MCTUHHOM GopMmbl pressure sensor.
CUrHaNa C YCTaHOBKOM AaTUYMKa AAB/IEHUA.



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

1000 1200 1400

L Surface: 2

Puc.4. Mone ynpyaux 8onH Ha nosepxHocmu. / Fig.4. Elastic waves on the surface

Bo3MOKHOCTb nony4yeHuA 06blyHOM This concentrated pulse provides
CeMCMOrpamMmmbl  OT  CKOHLEHTPUPOBAHHOIO seismogram similar to that from traditional
NOBEPXHOCTHOIO MCTOYHMKA. surface source.



5.5 CuHTeTHMUYecKoe rpynnuposaHue / Synthetic mixing

1000

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



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.

NutepaTtypa / References

MaTteHT P®: Cnocob cencmopasseakn, RU
2517010 C1 c npuoputetom ot 13.01.2013

Patent RF: Seismic prospecting, RU
2517010 C1 with a priority of 13.01.2013



