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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 alesser 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 agorithm for predicting geologica section
properties basing on the MPS of reflected waves
should be described.

Let’s 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 alinear 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).
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Fig. 1. The model of plane-parallel layered absorbing
formation: g (1) — theinitial seismic signal,

S,(t): S, (t) — Signalsreflected from top and bottom of
the observed formation I, i () and g (f) —the
reflection coefficients from top and bottom of layer |1,
r,(f) ad r () —therefraction coefficients on the
top of layer II, () — frequency characteristic of the
absorbing layer

The spectra of the waves reflected from the top and
bottom of the layer II:

S(f) =ko(F)-S(f)=[s ()™, (D)
where ¢1(f)=¢ku(f)+¢0(f) defines the phase spectrum

of the reflected wave g (), which depends on the
argument of the reflection coefficient , (f), and the

initial phase of the incident wave @, (F)-
Sz(f):Sb(f)rlz(f)H(f)kzz(f)rzl(f): (2)
zlsz(f)lejwz(f)

WhEy,(f) =g (f)+g, ()+4_()+¢ (1)+4(F)

defines the phase spectrum of the reflected wave

S,(f) Sl(f),WhiCh depends on the arguments of the

coefficients refraction o, (f) and reflection o, ()

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

wave o (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 awave.

Assuming that the processes gty and s () are

deterministic, then the mutual spectral density is:
Q) =[SI(f)- S,(F)]=[Qu(f)[- &

S(f) and S,(f) complex spectra of the reflected

waves g ) and s (1), Qu(f) ~ mutual energy spec-

trum, g, () =g, () - (1) ~MPS. (3)

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

Qu(F) =[S () Ky (F) K (F)-H(F) Tp(F) 1 (F) (4)

where
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$o(F) =4, (1) =4, (1) +4, (1) +4, () +
+¢,,(f)

()
where 9, (F) @ ()~ phase shifts introduced by

the reflection of waves from the top and bottom of
layers;, (f), o _(f) — 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 Il appear in the MPS of a wave. It
should also be noted that distortion doesn’t affect the
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]:

1. Mean value of MPS 705 =%Zin=1¢1z(fi)'

2. The central point of the 2™ order for the MPS
oo 2P (F) — A (F)? .

4 n—1

3. The average value of the phase delay

z, :Z:ll%(fi), where 7,(f)= %(:i) — mutual phase
7T T

delay at thei-th frequency.

4. The central point of the 2™ order for mutual

phasedelay . _ 2@ (=707 .
i n—1

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 agorithm 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 agorithm 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-
mineds(t), S,(1):

S ——s®e™" =A(f)+jB(f)

S()——S,t)e" " = A(f)+B,(f)

where F — the operator of the direct Fourier transform.
The phase spectrum of asignal 5t):

B.(f) (6)

A(T)
A ()= [3 S(t)cos(2x ft)dt

2

+27zm

o.(f)=arctg

B (f) :I}jS(t)sin(Z;z ft)dt

where T — the size of the analysis window.
In the discrete form of the Fourier transform:

A (£) = A =32, S cos(2zkf, At)

B, (f,) = B, — 3.2, S sin(27kf,AD -

where = _ T — number of reports in the analysis win-
At

dow, i j — number of samples of the discrete frequen-

cy step and time, Af,At — discretization intervals in

frequency and time.
A (f) ad B,(f,) for the second signa are de-

fined in the similar way.

Then (6) can berewrittenas ¢, — arctg A
B,
7. MPSy, () is determined using the expres-

sion (3).
8. The predictive parameters are calculated basing
on the obtained values 4, (f), They are later used for

conclusions about reservoir properties of the observed

formation.

I 2. Reading the seismic section of the file ‘
v
I 3. The discrete Fourier transform to convert readings |
v
4. Determination of the position of the phase synchronism axes
with the help of the PFT algorithm

7y
vy

5. Setting the analysis window in accordance with the axes of
phase synchronism

v

‘ 6. The calculation of phase spectra of 1 and 2 signals ‘
v

I 7. The calculation of MPS ’
v

| 8. The calculation of the predictive parameters |

9. Are all the tracks
investigated?

I 10. Prediction of reservoir properties of sedimentary formation l

11.End

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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Ha coBpeMeHHOM 3Tare pa3BUTHS MEIUIMHEI BO3-
HUKAaeT MOTPEOHOCTh B WHTEIUICKTYaJbHBIX HHCTPY-
MEHTaxX MOJICPKKH NPUHATHS BpadeOHBIX PEUICHHUI.
[TpumeHeHne AaHHBIX CPEACTB OCOOCHHO Ba)KHO NPHU
MPOBEJICHUN TUATHOCTHPOBaHUS 3a00JeBaHHU y ma-
ueHta. D(QeKTUBHAS JAUATHOCTUKA MO3BOJISET OII-
TUMHU3UPOBAThH JIEYeOHBIH Mpolece, YTO B JAalbHEH-
IIEM TOJIOKUTEIBHO OTPA3UTCs Ha pe3ysbTaTax Jiede-
HUSL.

Cpemn HCCIICTOBAHHHA HMHTEIUICKTYalIbHBIX
CPEICTB KIMHUYECKOTO AMArHOCTHPOBAHUS HAKOIUICH
HeMmalblii ombIT. [lonTBepKIEHHEM STOMY SBISACTCS
YUCIIO HAYYHBIX ITyOJNUKAIMA 3a IIOCIEIHUE TOJBI,
CONIEPXKAINX PE3YIbTAaThl Pa3pabOOTKH HMHTEIIICKTY-
anbHBIX HHpopManuoHHsix cuctem (MUC).

Ilenpro MaHHOWM CTaThbU SBISIETCA aAHANIWU3 Ipel-
CTaBJICHHBIX JIMTEPAaTypPHBIX HCTOYHUKOB [1-6], co-
JIeprKallyil ONMcaHue METOA0B U TEXHOJIOIUH UCIIOb-
3yeMBIX Ha Pa3iMYHBIX CTAIUAX (YHKIHMOHUPOBAHUS
HUC.

[Towck muTepaTypHBIX NCTOYHHUKOB OCYIIECTBIISLII-
csi B MHOOPMAIIMOHHO-TIOUCKOBBIX CHCTEMaX, TaKHX
kak «ScienceDirecty, «Pubmed» u «Springerlinky,
UCTIONB3Ys chemyromuii 3ampoc «Intellectual systems
in mediciney». {7 naHHOTO aHaIHM3a OBUIO OTOOPAHO 6
HUCTOYHHKOB, B KOTOPBIX MPEICTaBICHBI Pa3pabOTKH
NUC, pemaromniye ciaeayromniie akTyalbHbIe TPUKIIaI-
Hble KJIMHUYECKHE 3a/1auu:

e  JMarHOCTHUpOBaHHE 3a00JICeBaHMs y MAalEHTa
Ha paHHeil craquu [5, 6];

®  COKpallleHHE BPEMEHH Ha BBISBICHHH 3a00-
JeBaHus y nanuenTa [3, 6];

e  CHIDKCHHE YPOBHS rocruranusaiuu [2];

®  TIOBHIIICHHWE TOYHOCTH IIPH BBIABICHUU 3200-
nepanus [4].

AHanu3upysi  JuTeparypHeie  uctouHuku [1-6],
MOXHO BBIICJIUTH CIEAYIOIIUE 3Tanbl (QyHKINOHHPO-
BaHus MenuuuHCckux MUC, mpenctaBieHHbIE HA pH-
cynke 1.

Cdop JaHHBIX

IlpenBapuTensHas
odpadoTKa

[ DopMaTH3ALIHS

]_

[ JIorHdeckdi BBIBOJ ]

]._

Puc. 1. Dransl pyaknunonupoBarus NC

HuTepuperanua
Pe3VILTATOB

K cOopy maHHBIX MOXXHO OTHECTH Kak cOOp Hemno-
cpenctBeHHo nmaHHBIX (Data acquisition), KoTopbie
OynyT noctynats Ha Bxojq UHC, Tak u cOop 3HaHUH
(Knowledge acquisition), ¢popMupyromuiics mpu 1mo-
MOIIM MEIUIUHCKUX 3KCIepToB. B nanpHeliniem Ha
OCHOBE JIaHHBIX 3HaHUi1 OyJIeT OCYIECTBISATHCS JIOTH-
yecKuil BbIBOXA. PaccMoTpuM Ha mpuMepe BXOJIHBIX
JAHHBIX, UCHOJB3yeMbIX B [5]. Ha Bxox maHHOH cH-
CTEMBbI MOCTYIAIOT MU3MEpsieMble XapaKTEPUCTUKH T1a-
LIMEHTa, KOTOPbIE SBIAIOTCS (PAaKTOpaMH BO3HHKHOBE-
HUSI MIIEMUYECKOH OOJIe3HH cepjlla, a MMEHHO, BO3-
pacrt, KypeHue, O)KHpeHue u T. 1. (puc. 2).

Iocne mpomecca cbopa AaHHBIX BO3MOXKEH IIPO-
ecc nx NpeBapUTEIHHON 00paboTKH
(Preprocessing) [1, 2]. Takue mnpeoOpa3oBaHus Kak
¢unbTpoBanue (Filtering), orunctka ot mymos (De-
noising) u Hopmanuzauus (Normalization) [1], a Tak-
Ke yJalieHue MpOoNyLeHHbIX (missing values) u my-
cteix (null values) 3nauenwii [2].

IIporece dopmanuzanum obecrnednBaeT npeoodpa-
30BaHME BXOJHBIX JTAHHBIX B BUJ IIPUTOIHBINA JUIsi 00-
pabOTKH, IPUMEHSSI AJITOPUTM JIOTHYECKOTO BBIBOJIA.
Tak B[2] wucnonb3yercss BpeMeHHas aOCTpaKLUs
(Temporal abstraction), B [3] aust mpeacTaBieHUsT UH-
¢dopmarn  ucnons3ytorcst  oHtosorus  (Ontology),
pa3paboTaHHas ¢ NPUMEHEHHEM CBOOOIHOTO OTKpHI-
TOoro pemakTopa oHtonorui Protégé. B padorax [5,0]
HCIOJIb3YETCS mpouecc ¢bazzudukanun
(Fuzzification).

176



