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ȨɈɋɊɋɓɎɋ Introduction

ÅȸɋɛɓɔɑɔɉɎɥ ȷȨȽ Ɉ ɔɇɖɆɇɔɘɐɋ  ɊɆɓɓɡɛ Ȩȷȵ 
ɕɖɋɊɓɆɍɓɆɝɋɓɆ Ɋɑɥ ɈɡɊɋɑɋɓɎɥ ɕɔɑɋɍɓɔɏ 
ɎɓɚɔɖɒɆɜɎɎ Ɉ ɒɆɐɗɎɒɆɑɢɓɔ ɞɎɖɔɐɔɒ 
ɊɎɆɕɆɍɔɓɋ ɝɆɗɘɔɘ.

ÅȪɑɥ ɊɔɗɘɎɌɋɓɎɥ ɊɎɆɕɆɍɔɓɆ ɕɔɖɥɊɐɆ ɗɋɒɎ 
ɔɐɘɆɈ ɕɖɎ ɔɇɖɆɇɔɘɐɋ ɕɖɎɒɋɓɥɋɘɗɥ ɆɊɊɎɘɎɈɓɡɏ 
ɎɘɋɖɆɘɎɈɓɡɏ ɆɓɆɑɎɍ ɎɗɛɔɊɓɔɉɔ ɕɔɑɥ ɒɋɘɔɊɔɒ 
ɕɖɔɋɐɘɎɖɔɈɆɓɎɥ ɓɆ ɔɇɑɆɗɘɢ ɊɔɕəɗɘɎɒɡɛ 
ɍɓɆɝɋɓɎɏ ɕɆɖɆɒɋɘɖɔɈ Ɉ ɓɋɗɐɔɑɢɐɎɛ ɝɆɗɘɔɘɓɡɛ 
ɊɎɆɕɆɍɔɓɆɛ.

ÅȳɆ ɕɖɎɒɋɖɋ ɔɇɖɆɇɔɘɐɎ ɖɋɆɑɢɓɡɛ ɈɔɑɓɔɈɡɛ 
ɕɔɑɋɏ Ȩȷȵ ɗ ɈɡɗɔɐɎɒ əɖɔɈɓɋɒ ɞəɒɔɈ ɕɔɐɆɍɆɓɆ 
ɈɔɍɒɔɌɓɔɗɘɢ ɕɔɑəɝɋɓɎɥ ɖɋɍəɑɢɘɆɘɔɈ Ɉ 
ɊɎɆɕɆɍɔɓɋ 1-130 ȩɜ.

ÅȵɖɋɊɑɆɉɆɋɒɆɥ ɘɋɛɓɔɑɔɉɎɥ ɕɔɍɈɔɑɥɋɘ 
ɔɇɋɗɕɋɝɎɘɢ ɘɔɝɓɔɗɘɢ ɕɖɎɈɥɍɐɎ ɔɘɖɆɌɋɓɎɏ Ɋɔ 
ɕɋɖɈɡɛ ɋɊɎɓɎɜ ɒɋɘɖɔɈ.

ÅȪɔɗɘɔɈɋɖɓɔɗɘɢ ɖɋɍəɑɢɘɆɘɔɈ ɕɔɊɘɈɋɖɌɊɆɋɘɗɥ 
ɗɔɕɔɗɘɆɈɑɋɓɎɋɒ ɗ ɊɆɓɓɡɒɎ ȩȮȷ Ɏ 
ɗɋɏɗɒɔɖɆɍɈɋɊɐɎ 3D.

ÅHDS technology has to provide reliable results 

for wide  spectral window.

ÅAdditive iterative analysis of wave fields in 
several spectral windows is applied to obtain 
useful width of spectrum up to seven octaves.

ÅThe reliable results in spectral window 1-130 Hz 
are obtained for noisy VSP data.

ÅThe technology proposed provides better 
accuracy of time-to-depth correlation up to first 
units of meters.

ÅThe results are compared to LOG and Surface 
3D data to confirm their reliability.
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ȮɗɛɔɊɓɔɋ 
ɈɔɑɓɔɈɔɋ ɕɔɑɋ
P-ɐɔɒɕ.

Initial wave field 
P-comp.

ȮɗɛɔɊɓɔɋ 
ɈɔɑɓɔɈɔɋ ɕɔɑɋ
R-ɐɔɒɕ.

Initial wave field
R-comp.

ȮɗɛɔɊɓɔɋ 
ɈɔɑɓɔɈɔɋ ɕɔɑɋ
T-ɐɔɒɕ.

Initial wave field 
T-comp.

ȵɔɑɋ ɞəɒɔɈ Ɏ 
ɖɋɉəɑɥɖɓɡɛ 
Ɉɔɑɓ-ɕɔɒɋɛ 
P-ɐɔɒɕ.

Wave field of 
noises and 
regular waves 
P-comp.

ȵɔɑɋ ɕɔɗɑɋ 
ɈɡɝɎɘɆɓɎɥ ɞəɒɔɈ 
Ɏ ɖɋɉəɑɥɖɓɡɛ 
Ɉɔɑɓ-ɕɔɒɋɛ 
P-ɐɔɒɕ.

Wave field after 
subtraction noises 
and regular waves 
P-comp.

ȵɔɑɋ ɕɔɗɑɋ 
ɈɡɝɎɘɆɓɎɥ ɞəɒɔɈ 
Ɏ ɖɋɉəɑɥɖɓɡɛ 
Ɉɔɑɓ-ɕɔɒɋɛ 
R-ɐɔɒɕ.

Wave field after 
subtraction noises 
and regular waves 
R-comp.

ȵɔɑɋ ɕɔɗɑɋ 
ɈɡɝɎɘɆɓɎɥ ɞəɒɔɈ 
Ɏ ɖɋɉəɑɥɖɓɡɛ 
Ɉɔɑɓ-ɕɔɒɋɛ 
T-ɐɔɒɕ.

Wave field after 
subtraction noises 
and regular waves 
T-comp.

ȵɔɑɋ ɞəɒɔɈ Ɏ 
ɖɋɉəɑɥɖɓɡɛ 
Ɉɔɑɓ-ɕɔɒɋɛ 
R-ɐɔɒɕ.

Wave field of 
noises and 
regular waves 
R-comp.

ȵɔɑɋ ɞəɒɔɈ Ɏ 
ɖɋɉəɑɥɖɓɡɛ 
Ɉɔɑɓ-ɕɔɒɋɛ 
T-ɐɔɒɕ.

Wave field of 
noises and 
regular waves 
T-comp.
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ȵɔɑɋ ɕɔɗɑɋ 
ɈɡɝɎɘɆɓɎɥ 
ɞəɒɔɈ Ɏ 
ɖɋɉəɑɥɖɓɡɛ 
Ɉɔɑɓ-ɕɔɒɋɛ 
P-ɐɔɒɕ.

Wave field after 
subtraction noises 
and regular waves 
P-comp.

ȵɔɑɋ ɕɔɗɑɋ 
ɈɡɝɎɘɆɓɎɥ ɞəɒɔɈ 
Ɏ ɖɋɉəɑɥɖɓɡɛ 
Ɉɔɑɓ-ɕɔɒɋɛ 
R-ɐɔɒɕ.

Wave field after 
subtraction noises 
and regular waves 
R-comp.

ȵɔɑɋ ɕɔɗɑɋ 
ɈɡɝɎɘɆɓɎɥ ɞəɒɔɈ 
Ɏ ɖɋɉəɑɥɖɓɡɛ 
Ɉɔɑɓ-ɕɔɒɋɛ 
T-ɐɔɒɕ.

Wave field after 
subtraction noises 
and regular waves 
T-comp.

Dp ɈɔɑɓɆ P-ɐɔɒɕ.

Dp wave P-comp.

Dp ɈɔɑɓɆ R-ɐɔɒɕ.

Dp wave R-comp.

Dp ɈɔɑɓɆ T-ɐɔɒɕ.

Dp wave T-comp.

ȵɔɑɋ ɕɔɗɑɋ 
ɈɡɝɎɘɆɓɎɥDp 
Ɉɔɑɓɡ, P-ɐɔɒɕ.

Wave field after 
Dp wave 
subtraction, 
P-comp.

ȵɔɑɋ ɕɔɗɑɋ 
ɈɡɝɎɘɆɓɎɥDp 
Ɉɔɑɓɡ, R-ɐɔɒɕ.

Wave field after Dp 
wave subtraction, 
R-comp.

ȵɔɑɋ ɕɔɗɑɋ 
ɈɡɝɎɘɆɓɎɥDp 
Ɉɔɑɓɡ, T-ɐɔɒɕ.

Wave field after Dp 
wave subtraction, 
T-comp.
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ɈɡɝɎɘɆɓɎɥDp 
Ɉɔɑɓɡ,
P-ɐɔɒɕ.

Wave field after 
Dp wave 
subtraction,
P-comp.

DpUs ɈɔɑɓɆ,
P-ɐɔɒɕ.

DpUs wave,
P-comp.

DpUs ɈɔɑɓɆ,
R-ɐɔɒɕ.

DpUs wave,
R-comp.

Dpus ɈɔɑɓɆ,
T-ɐɔɒɕ.

DpUs wave,
T-comp.

ȵɔɑɋ ɕɔɗɑɋ 
ɈɡɝɎɘɆɓɎɥDpUs 
Ɉɔɑɓɡ,
P-ɐɔɒɕ.

Wave field after 
DpUs wave 
subtraction,
P-comp.
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Ɉɔɑɓɡ,
R-ɐɔɒɕ.

Wave field after 
Dp wave 
subtraction,
R-comp.

ȵɔɑɋ ɕɔɗɑɋ 
ɈɡɝɎɘɆɓɎɥDp 
Ɉɔɑɓɡ,
T-ɐɔɒɕ.

Wave field after Dp 
wave subtraction,
T-comp.

ȵɔɑɋ ɕɔɗɑɋ 
ɈɡɝɎɘɆɓɎɥDpUs 
Ɉɔɑɓɡ,
R-ɐɔɒɕ.

Wave field after 
DpUs wave 
subtraction,
R-comp.

ȵɔɑɋ ɕɔɗɑɋ 
ɈɡɝɎɘɆɓɎɥDpUs 
Ɉɔɑɓɡ,
T-ɐɔɒɕ.

Wave field after 
DpUs wave 
subtraction,
T-comp.
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ȵɔɑɋ ɕɔɗɑɋ 
ɈɡɝɎɘɆɓɎɥDpUs 
Ɉɔɑɓɡ, P-ɐɔɒɕ.

Wave field after 
DpUs wave 
subtraction, 
P-comp.

DpUp ɈɔɑɓɆ,
P-ɐɔɒɕ.

DpUs wave,
P-comp.

ȵɔɑɋ ɕɔɗɑɋ 
ɈɡɝɎɘɆɓɎɥDpUs 
Ɉɔɑɓɡ, R-ɐɔɒɕ.

Wave field after 
DpUs wave 
subtraction, 
R-comp.

ȵɔɑɋ ɕɔɗɑɋ 
ɈɡɝɎɘɆɓɎɥDpUs 
Ɉɔɑɓɡ, T-ɐɔɒɕ.

Wave field after 
DpUs wave 
subtraction, 
T-comp.

DpUp ɈɔɑɓɆ,
R-ɐɔɒɕ.

DpUs wave,
R-comp.

DpUp ɈɔɑɓɆ,
T-ɐɔɒɕ.

DpUs wave,
T-comp.

ȨɔɑɓɔɈɔɋ ɕɔɑɋ 
ɔɗɘɆɘɐɔɈ ɕɔɗɑɋ 
ɗɋɑɋɐɜɎɎ,
P-ɐɔɒɕ.

Wave field of 
residuals after 
selection,
P-comp.

ȨɔɑɓɔɈɔɋ ɕɔɑɋ 
ɔɗɘɆɘɐɔɈ ɕɔɗɑɋ 
ɗɋɑɋɐɜɎɎ,
R-ɐɔɒɕ.

Wave field of 
residuals after 
selection,
R-comp.

ȨɔɑɓɔɈɔɋ ɕɔɑɋ 
ɔɗɘɆɘɐɔɈ ɕɔɗɑɋ 
ɗɋɑɋɐɜɎɎ,
T-ɐɔɒɕ.

Wave field of 
residuals after 
selection,
T-comp.



DpUp ɈɔɑɓɆ Ɏ ɋɋ ɗɕɋɐɘɖ Ɋɔ ɊɋɐɔɓɈɔɑɤɜɎɎ

DpUp wave and itôs spectrum before 
deconvolution

DpUp ɈɔɑɓɆ Ɏ ɋɋ ɗɕɋɐɘɖ ɕɔɗɑɋ
ɊɋɐɔɓɈɔɑɤɜɎɎ

DpUp wave and itôs spectrum after 
deconvolution

ȴɘɖɆɌɋɓɓɡɋ Ɉɔɑɓɡ Ɏ Ɏɛ ɗɕɋɐɘɖɡ / Reflected waves and itôs spectrum



ȹɈɥɍɐɆ Ȩȷȵ ɗ ɊɆɓɓɡɒɎ ȩȮȷ Ɏ ȴȩȸ/ Tying of VSP with well logging data and CDP



ȭɆɐɑɤɝɋɓɎɋ Conclusion

ÅȴɇɖɆɇɔɘɐɆ ɊɆɓɓɡɛ Ȩȷȵ ɕɔ ɘɋɛɓɔɑɔɉɎɎ ȷȨȽ 
ɕɔɍɈɔɑɥɋɘ ɗəɟɋɗɘɈɋɓɓɔ ɕɔɈɡɗɎɘɢ ɊɔɗɘɔɈɋɖɓɔɗɘɢ Ɏ 
ɝɋɘɐɔɗɘɢ ɕɔɑəɝɆɋɒɡɛ ɖɋɍəɑɢɘɆɘɔɈ (Ɋɔ 7 ɔɐɘɆɈ) ɗ 
ɊɔɗɘɎɌɋɓɎɋɒ ɘɔɝɓɔɗɘɎ ɕɖɎɈɥɍɐɎ ɔɘɖɆɌɋɓɎɏ ɓɆ 
ɕɔɈɋɖɛɓɔɗɘɎ Ɋɔ 1-2 ɒ. Ɏ ɈɔɍɒɔɌɓɔɗɘɎ ɖɆɗɞɎɖɋɓɎɥ 
ɗɕɋɐɘɖɆ ɔɘɖɆɌɋɓɎɏ ɓɆ ɕɔɈɋɖɛɓɔɗɘɎ.

Åȸɔɝɓɔɗɘɢ əɈɥɍɐɎ ɊɆɓɓɡɛ ȩȮȷ Ɏ ɗɋɏɗɒɔɖɆɍɈɋɊɐɎ ɓɆ 
ɕɔɈɋɖɛɓɔɗɘɎ ɝɋɖɋɍ Ȩȷȵ ɕɔ ɘɋɛɓɔɑɔɉɎɎ ȷȨȽ 
ɗəɟɋɗɘɈɋɓɓɔ Ɉɡɞɋ, ɝɋɒ ɕɔ ɖɆɗɕɖɔɗɘɖɆɓɋɓɓɔɒə 
ɒɋɘɔɊə ɒɔɊɋɑɎɖɔɈɆɓɎɥ ɕɔ ɊɆɓɓɡɒ ȩȮȷ.

ÅVSP data processing according to HDS technology 
makes it possible to appreciably increase reliability and 
definition of obtained results (up to 7 octaves), allows 
to reach better accuracy of time -to-depth correlation 
up to first units of meters and to extend spectrum of 
reflections on surface.  

ÅAccuracy of tying LOG and Surface 3D data with VSP
by HDS technology considerably better as compared 
with diffused method of modeling using LOG data.
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ʚʦʣʥʦʚʳʭʧʦʣʝʡ,ʨʝʰʝʥʠ ʦ̫ʙʨʘʪʥʳʭ

ʢʠʥʝʤʘʪʠʯʝʩʢʠʭʠ ʜʠʥʘʤʠʯʝʩʢʠʭʟʘʜʘʯ,

ʨʘʟʨʘʙʦʪʘʥʥʳʭʚʩʠʩʪʝʤʘʭʦʙʨʘʙʦʪʢʠʜʘʥʥʳʭ

ɺʉʇ.

ɺ ʵʪʦʤʩʣʫʯʘʝʢʦʤʧʝʥʩʠʨʫʶʪʩʷʥʝ

ʚʩʝʛʜʘ ʦʧʨʘʚʜʘʥʥʳʝʫʧʨʦʱʝʥʠʷ,

ʧʨʠʤʝʥʷʝʤʳʝʚ ʉʇ, ʠ ʧʦʷʚʣʷʶʪʩʷ

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ,

ʨʘʟʨʘʙʦʪʘʥʥʳʝʚɺʉʇ.

High Definition Seismic (HDS) is

introduced to present integration of Surface

Seismic (SS) and VSP.

Integration of acquisition means

simultaneous registration of surface and

downhole data plus nonresonance coupling of

geophones to the soil.

It is proposed to apply methods of

wavefield analysis, velocity and dynamic

inversions developed in VSP in SS data

processing.

In this case some inadequate

simplifications adopted in SS are coupled and

some additional applications developed for VSP

become available.



ʊʨʝʭʤʝʨʥʘʷ ʩʠʩʪʝʤʘ ʥʘʙʣʶʜʝʥʠʡ / 3D acquisition system

ʊʨʝʭʤʝʨʥʘʷ ʩʠʩʪʝʤʘ ʥʘʙʣʶʜʝʥʠʡ 3D+ɺʉʇ 

ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʷʪʴ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʩʢʦʨʦʩʪʥʳʝ ʤʦʜʝʣʠ ʠ ʠʩʪʠʥʥʫʶ ʬʦʨʤʫ 

ʩʠʛʥʘʣʘ.

3D acquisition (3D+VSP) provides true 

velocity models and true signatures



Cʠʩʪʝʤʘ ʥʘʙʣʶʜʝʥʠʡ 3D+ɺʉʇ/ 3D+VSP acquisition system

ʊʨʝʭʤʝʨʥʘʷ ʩʠʩʪʝʤʘ ʥʘʙʣʶʜʝʥʠʡ/ 3D acquisition system



ɸʥʘʣʠʟ ʚʦʣʥʦʚʳʭ ʧʦʣʝʡ / Wavefield analysis

ɸʥʘʣʠʟ ʚʦʣʥʦʚʳʭ ʧʦʣʝʡ - ʵʪʦ ʨʘʟʣʦʞʝʥʠʝ 

ʧʦʣʥʳʭ ʠʩʭʦʜʥʳʭ ʚʦʣʥʦʚʳʭ ʧʦʣʝʡ ʥʘ 

ʨʝʛʫʣʷʨʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʠ ʥʝʨʝʛʫʣʷʨʥʳʝ 

ʦʩʪʘʪʢʠ. ʇʦʣʝʟʥʳʝ ʚʦʣʥʳ ïɻ ʪʦ ʠʩʭʦʜʥʦʝ 

ʚʦʣʥʦʚʦʝ ʧʦʣʝ ʤʠʥʫʩ ʚʩʝ ʚʳʜʝʣʝʥʥʳʝ 

ʨʝʛʫʣʷʨʥʳʝ ʧʦʤʝʭʠ.

Wavefield analysis is decomposition of 

original seismogram into the ensemble of 

regular events and irregular component. 

Useful wavefield is difference between full 

and all regular noises.



ʉʝʣʝʢʮʠʷ ʚʦʣʥʦʚʳʭ ʧʦʣʝʡ/ Wavefield selection

ʉʝʣʝʢʮʠʷ ʚʦʣʥʦʚʳʭ ʧʦʣʝʡ / Wavefield selection



ʂʦʥʩʪʨʫʢʪʠʚʥʳʡ ʂʦʥʪʨʦʣʴ ʂʘʯʝʩʪʚʘ / Cunstructive Quality Control

ʇʦʣʥʳʡ ʘʥʘʣʠʟ ʚʦʣʥʦʚʳʭ ʧʦʣʝʡ 

ʧʦʟʚʦʣʷʝʪ ʚʳʧʦʣʥʠʪʴ ʢʦʥʩʪʨʫʢʪʠʚʥʳʡ 

ʘʥʘʣʠʟ ʢʘʯʝʩʪʚʘ.

ʇʨʠ ʵʪʦʤ ʜʦʩʪʫʧʥʳ ʥʝ ʪʦʣʴʢʦ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʦʮʝʥʢʠ ʦʪʥʦʰʝʥʠʷ 

ʩʠʛʥʘʣ/ʰʫʤ, ʥʦ ʠ ʘʥʘʣʠʟ ʩʦʩʪʘʚʘ ʰʫʤʘ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʣʠʯʥʳʭ ʘʨʛʫʤʝʥʪʦʚ.

ʇʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʢʦʨʨʝʢʮʠʠ 

ʤʝʪʦʜʠʢʠ ʧʦʣʝʚʳʭ ʨʘʙʦʪ ʜʣʷ ʦʩʣʘʙʣʝʥʠʷ 

ʜʦʤʠʥʠʨʫʶʱʠʭ ʧʦʤʝʭ ʠ ʦʧʪʠʤʠʟʘʮʠʠ 

ʛʨʘʬʘ ʦʙʨʘʙʦʪʢʠ. 

Full wavefield analysis provides 

Constructive Quality Control

Not only quantitative estimates of s/n ratio 

are available but also the content of noises.

It becomes possible to correct field 

acquisition technique to eliminate dominant 

noises and optimize processing chain.



ʉʦʦʪʥʦʰʝʥʠʝ ʵʥʝʨʛʠʡ ʚʦʣʥʦʚʳʭ ʧʦʣʝʡ,

ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʝʣʝʢʮʠʠ:

ɸ) ʩ ʫʯʸʪʦʤ ʦʬʩʝʪʘ, B) ʧʦ ʧʫʥʢʪʘʤ ʧʨʠʸʤʘ, C) ʧʦ ʧʫʥʢʪʘʤ ʚʟʨʳʚʘ,

D) ʘʙʩʦʣʶʪʥʳʝ ʟʥʘʯʝʥʠʷ ʵʥʝʨʛʠʡ ʥʘ ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʦʪʘʭ,

E) ʧʦ ʯʘʩʪʦʪʝ. 

ʂʦʥʩʪʨʫʢʪʠʚʥʳʡ ʂʦʥʪʨʦʣʴ ʂʘʯʝʩʪʚʘ / Cunstructive Quality Control



ʆʧʨʝʜʝʣʝʥʠʝ ʩʪʘʪʠʯʝʩʢʠʭ ʩʜʚʠʛʦʚ ʧʦ ʩʠʩʪʝʤʝ çʇʆʃʀʂʆʈè

Static shifts by ñPolycorò method

ʄʝʪʦʜ çʇʦʣʠʢʦʨè ʧʦʟʚʦʣʷʝʪ ʚʳʨʦʚʥʷʪʴ 

ʢʘʢ ʚʳʩʦʢʦʯʘʩʪʦʪʥʫʶ ʪʘʢ ʠ 

ʥʠʟʢʦʯʘʩʪʦʪʥʫʶ ʢʦʤʧʦʥʝʥʪʫʩʪʘʪʠʯʝʩʢʠʭ 

ʩʜʚʠʛʦʚ ʧʦ ʇɺ ʠ ʇʇ ʙʝʟ ʠʭ ʚʟʘʠʤʥʦʛʦ 

ʚʣʠʷʥʠʷ ʠ ʙʝʟ ʟʥʘʥʠʷ ʩʢʦʨʦʩʪʝʡ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ ʵʪʦ ʧʝʨʚʘʷ ʥʠʪʴ, ʟʘ ʢʦʪʦʨʫʶ 

ʤʦʞʥʦ ʧʦʪʷʥʫʪʴ, ʯʪʦʙʳ ʨʘʩʧʫʪʘʪʴ ʢʣʫʙʦʢ.  

ñPolycoròapproach provides deviations 

from smooth static shifts along Sp and RP. 

SP and RP shifts not influence each other. 

No velocity estimates are used.

ɼʣʷ ʦʧʠʩʘʥʠʷ ʛʦʜʦʛʨʘʬʘ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʧʷʪʠʟʚʝʥʥʘʷ ʩʠʩʪʝʤʘ

Five members system is used to describe 

time graphs



ʆʧʨʝʜʝʣʝʥʠʝ ʩʪʘʪʠʯʝʩʢʠʭ ʩʜʚʠʛʦʚ ʧʦ ʤʝʪʦʜʫ çʇʦʣʠʢʦʨè

1 ïʈʷʜʳ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʬʫʥʢʮʠʡ ʜʦ ʢʦʨʨʝʢʮʠʠ, 

2 ïʨʷʜʳ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʬʫʥʢʮʠʡ ʧʦʩʣʝ 

ʢʦʨʨʝʢʮʠʠ. 

ʘ ïʨʷʜʳ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʬʫʥʢʮʠʡ ʧʦ ʧʫʥʢʪʘʤ 

ʚʦʟʙʫʞʜʝʥʠʷ,

ʙ ïʨʷʜʳ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʬʫʥʢʮʠʡ ʧʦ ʧʫʥʢʪʘʤ 

ʧʨʠʝʤʘ.

ʉʪʘʪʠʯʝʩʢʠʝ ʧʦʧʨʘʚʢʠ ʟʘ ʧʫʥʢʪ 

ʚʟʨʳʚʘ (ʘ, NSP) ʠ ʧʫʥʢʪ ʧʨʠʝʤʘ (ʙ, 

NRP) ʜʣʷ ʦʢʨʝʩʪʥʦʩʪʝʡ ʚʨʝʤʝʥ 2,5 ʩ 

ʠ 1,3 ʩ. 



ɹʳʩʪʨʦ ʤʝʥʷʶʱʘʷʩʷ ʚʦ ʚʨʝʤʝʥʠ ʢʦʤʧʦʥʝʥʪʘ ʧʦʣʷ ʚʨʝʤʝʥ.

Fast time variable component of time field.

ʆʙʳʯʥʦ ʥʘʟʳʚʘʝʤʳʡ ʘʥʘʣʠʟʦʤ 

ʩʢʦʨʦʩʪʝʡ ʧʨʦʮʝʩʩ ʦʧʨʝʜʝʣʝʥʠʷ 

ʛʠʧʝʨʙʦʣʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʧʦʣʷ 

ʚʨʝʤʝʥ ʜʦʧʦʣʥʝʥ ʦʮʝʥʢʦʡ ʘʜʜʠʪʠʚʥʦʡ 

ʣʠʥʝʡʥʦʡ ʠ ʢʚʘʜʨʘʪʠʯʥʦʡ ʩʦʩʪʘʚʣʷʶʱʠʭ 

ʜʣʷ ʦʧʠʩʘʥʠʷ ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʩʨʝʜ.

Usually referred to as velocity analysis scan 

of hiperbolyc component of time field is 

added by linear and square additive 

components to fit more variable media.



--

ʉʝʡʩʤʦʛʨʘʤʤʘ ʆʊʇ, ʩʧʝʢʪʨ ʢʦʛʝʨʝʥʪʥʦʩʪʠ ʠ ʢʨʠʚʳʝ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʦʪʨʘʞʝʥʥʳʭ ʚʦʣʥ

ɹʳʩʪʨʦ ʤʝʥʷʶʱʘʷʩʷ ʚʦ ʚʨʝʤʝʥʠ ʢʦʤʧʦʥʝʥʪʘ ʧʦʣʷ ʚʨʝʤʝʥ.

Fast time variable component of time field.



ʉʫʤʤʠʨʦʚʘʥʠʝ ʧʨʦʜʦʣʴʥʳʭ PP ʠ ʦʙʤʝʥʥʳʭ PS ʦʪʨʘʞʝʥʠʡ

PP and PS waves summing

ʂʦʵʬʬʠʮʠʝʥʪʳ ʦʪʨʘʞʝʥʠʷ PP ʚʦʣʥ 

ʩʠʣʴʥʦ ʟʘʚʠʩʷʪ ʦʪ ʫʜʘʣʝʥʠʷ, ʠ ʵʪʘ 

ʟʘʚʠʩʠʤʦʩʪʴ ʥʝ ʤʦʞʝʪ ʙʳʪʴ 

ʢʦʤʧʝʥʩʠʨʦʚʘʥʘ ʨʘʩʯʝʪʥʳʤ ʧʫʪʝʤ.

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʢʦʵʬʬʠʮʠʝʥʪ ʦʙʤʝʥʘ 

ʦʙʳʯʥʦ ʚʝʜʝʪ ʩʝʙʷ ʦʙʨʘʪʥʦ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʦʪʨʘʞʝʥʠʶ.

ʋʧʨʦʱʝʥʠʝ ʣʫʯʝʚʳʭ ʬʦʨʤʫʣ ʅʦʪʪʘ-

ʎʝʧʨʠʮʘ ʧʨʠʚʦʜʠʪ ʢ ʫʧʨʦʱʝʥʥʦʤʫ 

ʚʳʨʘʞʝʥʠʶ

)()sin(

2

1

)(
0

qqq
pspppp

AAA +=

ʧʦʟʚʦʣʷʶʱʝʤʫ ʩʢʣʘʜʳʚʘʪʴ ʠʟʦʙʨʘʞʝʥʠʷ 

ʧʨʦʜʦʣʴʥʳʭ ʠ ʧʦʧʝʨʝʯʥʳʭ ʚʦʣʥ ʜʣʷ 

ʢʦʤʧʝʥʩʘʮʠʠ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʘ 

App ʦʪ ʫʛʣʘ ʧʘʜʝʥʠʷ (ɗ) c ʦʜʥʦʚʨʝʤʝʥʥʳʤ 

ʨʘʩʰʠʨʝʥʠʝʤ ʩʧʝʢʪʨʘ ʧʨʠʤʝʨʥʦ ʚ 

ʧʦʣʪʦʨʘ ʨʘʟʘ.

ʕʪʘ ʧʨʦʮʝʜʫʨʘ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʦʞʝʥʘ ʚ 

ʦʩʥʦʚʫ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 3C ʥʘʙʣʶʜʝʥʠʡ.

PP reflection coefficients strongly depend 

on incidence and it cannot be calculated 

in real cases.

At the same time conversion usually is 

reversly proportional to reflection.

Simplification of ray expressions of Nott-

Zoeppritz gives the simplified expression

It let us stack PP and PS waves to 

compensate App variations versus 

incidence with simultaneous widening of 

spectrum approximately 1.5 times.

This procedure may be used as leading 

proof of efficient 2C application. 



ʉʫʤʤʠʨʦʚʘʥʠʝ ʧʨʦʜʦʣʴʥʳʭ PP ʠ ʦʙʤʝʥʥʳʭ PS ʦʪʨʘʞʝʥʠʡ

PP and PS waves summing

Vp1/Vp2=3

Vp1/Vp2=0.8

Vp1/Vp2=1.2

Vp1/Vp2=0.5

ɿʘʚʠʩʠʤʦʩʪʴ Kpp ʦʪ ʫʛʣʘ ʉʫʤʤʠʨʦʚʘʥʠʝ ʧʦ ʬʦʨʤʫʣʝ ʊʘʙʘʢʦʚʘ-ɹʘʝʚʘ
ʉʫʤʤʠʨʦʚʘʥʠʝ ʩ ʵʤʧʠʨʠʯʝʩʢʠ ʦʧʪʠʤʘʣʴʥʳʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ



ʂʦʤʧʝʥʩʘʮʠʷ ʦʪʨʘʞʘʪʝʣʴʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ P ʚʦʣʥ ʧʦʫʛʣʫ ʧʘʜʝʥʠʷ  

�G�Z�d�Z�i�e�b�\�Z�g�b�_���i�j�h�^�h�e�v�g�u�o��PP �b���h�[�f�_�g�g�u�o��PS �\�h�e�g:
�d�h�f�i�_�g�k�Z�p�b�y���i�h���m�]�e�m���i�Z�^�_�g�b�y���b���j�Z�k�r�b�j�_�g�b�_���k�i�_�d�l�j�Z

ʌʦʨʤʫʣʘʊʘʙʘʢʦʚʘ-ɹʘʝʚʘ


