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Nowadays, a number of methods for predicting the 

geological section have been created. There are soft-
ware systems for processing and interpretation of 
seismic data, which widely use dynamic parameters 
of waves bound with the amplitude and the energy of 
reflections. The phase characteristics of reflections are 
used to a lesser extent [1]. 

Thus, there is an increased relevance for searching 
new ways to analyze seismic records in order to ex-
tend the number of informative parameters. Among 
such parameters there is the mutual phase spectrum 
(MPS) of reflected waves. 

The law of signal phase spectrum change contains 
information allowing the most reliable detection of 
signals against intense noise and assessment of their 
kinematic parameters. The MPS of reflections carries 
information about acoustic properties, heterogeneity 
of absorption and dispersion of geological environ-
ments [2]. 

The purpose of this work is the description of al-
gorithm for predicting properties of geological section 
basing on the MPS of reflected waves. To achieve this 
goal the following objectives should be accomplished: 

1. In order to isolate the information properties of 
MPS of reflected seismic waves a model of layered 
absorbing media should be considered. 

2. The algorithm for predicting geological section 
properties basing on the MPS of reflected waves 
should be described. 

δОЭ’Ь consider the model of layered absorbing 
formations. The construction of such a model with 
horizontal interfacial boundaries represents the whole 
thing in the form of a linear system, which introduces 
some changes in the oscillation [3]. The example of a 
simple model of a plane-parallel layered absorbing 
formation (fig. 1a) shows the essence of the approach 
(fig. 1b). 

 
a   b 

Fig. 1. The model of plane-parallel layered absorbing 
formation: )(0 tS  – the initial seismic signal, 

)(1 tS , )(2 tS  – signals reflected from top and bottom of 

the observed formation II, )(12 fk  and )(23 fk  
– the 

reflection coefficients from top and bottom of layer II, 

)(12 fr  and )(21 fr  – the refraction coefficients on the 

top of layer II, )( fH  – frequency characteristic of the 

absorbing layer 
 

The spectra of the waves reflected from the top and 
bottom of the layer II: 
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defines the phase spectrum of the reflected wave 
)(2 fS , )(1 fS , which depends on the arguments of the 

coefficients refraction )( fr  and reflection )( fk , 

as well as the phase-frequency characteristics of the 
system )( fH , and the initial phase of the incident 

wave )(0 f . 

An important factor used for the prediction of res-
ervoir rock properties is the absorption. In absorbent 
environments there is velocity dispersion. Absorbing 
and dispersive properties of layered media can be 
measured by the MPS of a wave. 

Assuming that the processes )(1 tS  
 and )(2 tS  are 

deterministic, then the mutual spectral density is: 
)(

122
*
112

12)()]()([)( fjefQfSfSfQ  , where 

)(1 fS  
and )(2 fS  complex spectra of the reflected 

waves )(1 tS  and )(2 tS , )(12 fQ  – mutual energy spec-

trum,
 )()()( 1212 fff    – MPS. (3) 

Substituting the values of (1) and (2), it is possible 
to obtain: 
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where )(

12
fk , )(

23
fk  – phase shifts introduced by 

the reflection of waves from the top and bottom of 
layers; )(

12
fr , )(

21
fr  – phase shifts associated with 

the refraction of the waves, which are directly linked 
to the petrophysical parameters of the environment. 

From the expressions (4) and (5) it is possible to 
deduce that the absorbing and dispersive properties of 
the environment II appear in the MPS of a wave. It 
ЬСШЮХН КХЬШ ЛО ЧШЭОН ЭСКЭ НТЬЭШЫЭТШЧ НШОЬЧ’Э КППОМЭ ЭСО 
evaluation of absorption and dispersion of the ob-
served formation, calculated through the MPS of 
waves. Therefore, the spectral characteristics of the 
mutual reflection of the observed formation provide 
more reliable and stable estimates. 

To assess the information content of MPS the fol-
lowing parameters can be introduced [1]: 
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Thus, the parameters (1-4) may be used as in-
formative while studying reservoir rock properties 
using the MPS of reflected waves. 

In accordance with the considered properties the 
MPS of waves, an algorithm for predicting the reser-
voir rock properties has been developed [1]. The 
flowchart of the algorithm is shown in Fig. 2. 

It shows the following: 
1. Seismic section is read from the file. 
2. The waves which reflect from the top and bot-

tom of observed formation are identified, and their 
temporary position is determined using the algorithm 
of phase-frequency tracking (PFT). 

3. The assessment of MPS is carried out with the 
help of PFT algorithm quality function. 

4. The results of PFT are used in building axes, 
called object-oriented sections. 

5. In accordance with certain predetermined axes 
and reflecting boundaries, the analysis windows are 
installed. 

6. The complex spectra of waves are deter-
mined

1 2( ),  ( )S t S t : 

1 ( )
1 1 1 1( ) ( ) ( ) ( )  j fFS t S t e A f jB f



  

  
 

2 ( )
2 2 2 2( ) ( ) ( ) ( )  j fFS t S t e A f jB f





  

   , 
where F – the operator of the direct Fourier transform. 

The phase spectrum of a signal
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where T – the size of the analysis window. 
In the discrete form of the Fourier transform: 
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 – number of samples of the discrete frequen-

cy step and time, ,f t   – discretization intervals in 

frequency and time. 

2 ( )kA f  and 
2 ( )kB f  for the second signal are de-

fined in the similar way. 

Then (6) can be rewritten as k
k

k

A
arctg

B
  . 

7. MPS
12 ( )f  is determined using the expres-

sion (3). 
8. The predictive parameters are calculated basing 

on the obtained values 
12 ( )f ,  They are later used for 

conclusions about reservoir properties of the observed 
formation. 

 
Fig. 2. The flowchart for the prediction of reser-

voir properties of sedimentary formation 
 

Currently, the proposed algorithm is implemented 
on a computer and the research of its effectiveness is 
carried out on the model of layered absorbing envi-
ronments. 
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ɇɚ ɫɨɜɪɟɦɟɧɧɨɦ ɷɬɚɩɟ ɪɚɡɜɢɬɢɹ ɦɟɞɢɰɢɧɵ ɜɨɡ-

ɧɢɤɚɟɬ ɩɨɬɪɟɛɧɨɫɬɶ ɜ ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɵɯ ɢɧɫɬɪɭ-
ɦɟɧɬɚɯ ɩɨɞɞɟɪɠɤɢ ɩɪɢɧɹɬɢɹ ɜɪɚɱɟɛɧɵɯ ɪɟɲɟɧɢɣ. 
ɉɪɢɦɟɧɟɧɢɟ ɞɚɧɧɵɯ ɫɪɟɞɫɬɜ ɨɫɨɛɟɧɧɨ ɜɚɠɧɨ ɩɪɢ 
ɩɪɨɜɟɞɟɧɢɢ ɞɢɚɝɧɨɫɬɢɪɨɜɚɧɢɹ ɡɚɛɨɥɟɜɚɧɢɣ ɭ ɩɚ-
ɰɢɟɧɬɚ. ɗɮɮɟɤɬɢɜɧɚɹ ɞɢɚɝɧɨɫɬɢɤɚ ɩɨɡɜɨɥɹɟɬ ɨɩ-
ɬɢɦɢɡɢɪɨɜɚɬɶ ɥɟɱɟɛɧɵɣ ɩɪɨɰɟɫɫ, ɱɬɨ ɜ ɞɚɥɶɧɟɣ-
ɲɟɦ ɩɨɥɨɠɢɬɟɥɶɧɨ ɨɬɪɚɡɢɬɫɹ ɧɚ ɪɟɡɭɥɶɬɚɬɚɯ ɥɟɱɟ-
ɧɢɹ. 

 ɋɪɟɞɢ ɢɫɫɥɟɞɨɜɚɧɢɣ ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɵɯ 
ɫɪɟɞɫɬɜ ɤɥɢɧɢɱɟɫɤɨɝɨ ɞɢɚɝɧɨɫɬɢɪɨɜɚɧɢɹ ɧɚɤɨɩɥɟɧ 
ɧɟɦɚɥɵɣ ɨɩɵɬ. ɉɨɞɬɜɟɪɠɞɟɧɢɟɦ ɷɬɨɦɭ ɹɜɥɹɟɬɫɹ 
ɱɢɫɥɨ ɧɚɭɱɧɵɯ ɩɭɛɥɢɤɚɰɢɣ ɡɚ ɩɨɫɥɟɞɧɢɟ ɝɨɞɵ, 
ɫɨɞɟɪɠɚɳɢɯ ɪɟɡɭɥɶɬɚɬɵ ɪɚɡɪɚɛɨɬɤɢ ɢɧɬɟɥɥɟɤɬɭ-
ɚɥɶɧɵɯ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ (ɂɂɋ). 

ɐɟɥɶɸ ɞɚɧɧɨɣ ɫɬɚɬɶɢ ɹɜɥɹɟɬɫɹ ɚɧɚɥɢɡ ɩɪɟɞ-
ɫɬɚɜɥɟɧɧɵɯ ɥɢɬɟɪɚɬɭɪɧɵɯ ɢɫɬɨɱɧɢɤɨɜ Д1-6Ж, ɫɨ-
ɞɟɪɠɚɳɢɣ ɨɩɢɫɚɧɢɟ ɦɟɬɨɞɨɜ ɢ ɬɟɯɧɨɥɨɝɢɣ ɢɫɩɨɥɶ-
ɡɭɟɦɵɯ ɧɚ ɪɚɡɥɢɱɧɵɯ ɫɬɚɞɢɹɯ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ 
ɂɂɋ. 

ɉɨɢɫɤ ɥɢɬɟɪɚɬɭɪɧɵɯ ɢɫɬɨɱɧɢɤɨɜ ɨɫɭɳɟɫɬɜɥɹɥ-
ɫɹ ɜ ɢɧɮɨɪɦɚɰɢɨɧɧɨ-ɩɨɢɫɤɨɜɵɯ ɫɢɫɬɟɦɚɯ, ɬɚɤɢɯ 
ɤɚɤ «SМТОЧМОDТЫОМЭ», «PЮЛЦОН» ɢ «SЩЫТЧРОЫХТЧФ», 
ɢɫɩɨɥɶɡɭɹ ɫɥɟɞɭɸɳɢɣ ɡɚɩɪɨɫ «IЧЭОХХОМЭЮКХ ЬвЬЭОЦЬ 
ТЧ ЦОНТМТЧО». Ⱦɥɹ ɞɚɧɧɨɝɨ ɚɧɚɥɢɡɚ ɛɵɥɨ ɨɬɨɛɪɚɧɨ 6 
ɢɫɬɨɱɧɢɤɨɜ, ɜ ɤɨɬɨɪɵɯ ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɚɡɪɚɛɨɬɤɢ 
ɂɂɋ, ɪɟɲɚɸɳɢɟ ɫɥɟɞɭɸɳɢɟ ɚɤɬɭɚɥɶɧɵɟ ɩɪɢɤɥɚɞ-
ɧɵɟ ɤɥɢɧɢɱɟɫɤɢɟ ɡɚɞɚɱɢμ  

 ɞɢɚɝɧɨɫɬɢɪɨɜɚɧɢɟ ɡɚɛɨɥɟɜɚɧɢɹ ɭ ɩɚɰɢɟɧɬɚ 
ɧɚ ɪɚɧɧɟɣ ɫɬɚɞɢɢ [5, 6]; 

 ɫɨɤɪɚɳɟɧɢɟ ɜɪɟɦɟɧɢ ɧɚ ɜɵɹɜɥɟɧɢɢ ɡɚɛɨ-
ɥɟɜɚɧɢɹ ɭ ɩɚɰɢɟɧɬɚ [3, 6]; 

 ɫɧɢɠɟɧɢɟ ɭɪɨɜɧɹ ɝɨɫɩɢɬɚɥɢɡɚɰɢɢ [2]; 
 ɩɨɜɵɲɟɧɢɟ ɬɨɱɧɨɫɬɢ ɩɪɢ ɜɵɹɜɥɟɧɢɢ ɡɚɛɨ-

ɥɟɜɚɧɢɹ [4]. 
Ⱥɧɚɥɢɡɢɪɭɹ ɥɢɬɟɪɚɬɭɪɧɵɟ ɢɫɬɨɱɧɢɤɢ [1-6], 

ɦɨɠɧɨ ɜɵɞɟɥɢɬɶ ɫɥɟɞɭɸɳɢɟ ɷɬɚɩɵ ɮɭɧɤɰɢɨɧɢɪɨ-
ɜɚɧɢɹ ɦɟɞɢɰɢɧɫɤɢɯ ɂɂɋ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɧɚ ɪɢ-
ɫɭɧɤɟ 1. 

 
Ɋɢɫ. 1. ɗɬɚɩɵ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɂɂɋ 

 
Ʉ ɫɛɨɪɭ ɞɚɧɧɵɯ ɦɨɠɧɨ ɨɬɧɟɫɬɢ ɤɚɤ ɫɛɨɪ ɧɟɩɨ-

ɫɪɟɞɫɬɜɟɧɧɨ ɞɚɧɧɵɯ (DКЭК КМЪЮТЬТЭТШЧ), ɤɨɬɨɪɵɟ 
ɛɭɞɭɬ ɩɨɫɬɭɩɚɬɶ ɧɚ ɜɯɨɞ ɂɂɋ, ɬɚɤ ɢ ɫɛɨɪ ɡɧɚɧɢɣ 
(KЧШаХОНРО КМЪЮТЬТЭТШЧ), ɮɨɪɦɢɪɭɸɳɢɣɫɹ ɩɪɢ ɩɨ-
ɦɨɳɢ ɦɟɞɢɰɢɧɫɤɢɯ ɷɤɫɩɟɪɬɨɜ. ȼ ɞɚɥɶɧɟɣɲɟɦ ɧɚ 
ɨɫɧɨɜɟ ɞɚɧɧɵɯ ɡɧɚɧɢɣ ɛɭɞɟɬ ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ ɥɨɝɢ-
ɱɟɫɤɢɣ ɜɵɜɨɞ. Ɋɚɫɫɦɨɬɪɢɦ ɧɚ ɩɪɢɦɟɪɟ ɜɯɨɞɧɵɯ 
ɞɚɧɧɵɯ, ɢɫɩɨɥɶɡɭɟɦɵɯ ɜ Д5Ж. ɇɚ ɜɯɨɞ ɞɚɧɧɨɣ ɫɢ-
ɫɬɟɦɵ ɩɨɫɬɭɩɚɸɬ ɢɡɦɟɪɹɟɦɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɚ-
ɰɢɟɧɬɚ, ɤɨɬɨɪɵɟ ɹɜɥɹɸɬɫɹ ɮɚɤɬɨɪɚɦɢ ɜɨɡɧɢɤɧɨɜɟ-
ɧɢɹ ɢɲɟɦɢɱɟɫɤɨɣ ɛɨɥɟɡɧɢ ɫɟɪɞɰɚ, ɚ ɢɦɟɧɧɨ, ɜɨɡ-
ɪɚɫɬ, ɤɭɪɟɧɢɟ, ɨɠɢɪɟɧɢɟ ɢ ɬ. ɞ. (ɪɢɫ. 2). 

ɉɨɫɥɟ ɩɪɨɰɟɫɫɚ ɫɛɨɪɚ ɞɚɧɧɵɯ ɜɨɡɦɨɠɟɧ ɩɪɨ-
ɰɟɫɫ ɢɯ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ ɨɛɪɚɛɨɬɤɢ 
(Preprocessing) [1, βЖ. Ɍɚɤɢɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɤɚɤ 
ɮɢɥɶɬɪɨɜɚɧɢɟ (FТХЭОЫТЧР), ɨɬɱɢɫɬɤɚ ɨɬ ɲɭɦɨɜ (DО-
ЧШТЬТЧР) ɢ ɧɨɪɦɚɥɢɡɚɰɢɹ (σШЫЦКХТгКЭТШЧ) Д1Ж, ɚ ɬɚɤ-
ɠɟ ɭɞɚɥɟɧɢɟ ɩɪɨɩɭɳɟɧɧɵɯ (ЦТЬЬТЧР ЯКХЮОЬ) ɢ ɩɭ-
ɫɬɵɯ (ЧЮХХ ЯКХЮОЬ) ɡɧɚɱɟɧɢɣ [2]. 

ɉɪɨɰɟɫɫ ɮɨɪɦɚɥɢɡɚɰɢɢ ɨɛɟɫɩɟɱɢɜɚɟɬ ɩɪɟɨɛɪɚ-
ɡɨɜɚɧɢɟ ɜɯɨɞɧɵɯ ɞɚɧɧɵɯ ɜ ɜɢɞ ɩɪɢɝɨɞɧɵɣ ɞɥɹ ɨɛ-
ɪɚɛɨɬɤɢ, ɩɪɢɦɟɧɹɹ ɚɥɝɨɪɢɬɦ ɥɨɝɢɱɟɫɤɨɝɨ ɜɵɜɨɞɚ. 
Ɍɚɤ ɜ ДβЖ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜɪɟɦɟɧɧɚɹ ɚɛɫɬɪɚɤɰɢɹ 
(TОЦЩШЫКХ КЛЬЭЫКМЭТШЧ), ɜ ДγЖ ɞɥɹ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɢɧ-
ɮɨɪɦɚɰɢɢ ɢɫɩɨɥɶɡɭɸɬɫɹ ɨɧɬɨɥɨɝɢɹ (τЧЭШХШРв), 
ɪɚɡɪɚɛɨɬɚɧɧɚɹ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɫɜɨɛɨɞɧɨɝɨ ɨɬɤɪɵ-
ɬɨɝɨ  ɪɟɞɚɤɬɨɪɚ ɨɧɬɨɥɨɝɢɣ PЫШЭцРц. ȼ ɪɚɛɨɬɚɯ Д5,6Ж 
ɢɫɩɨɥɶɡɭɟɬɫɹ ɩɪɨɰɟɫɫ ɮɚɡɡɢɮɢɤɚɰɢɢ 
(Fuzzification).  


