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RAY-TRACING MODELLING IN SEISMIC EXPLORATION

Zoltan WEBER*

Seismic modelling provides an inexpensive means of evaluating the potential effectiveness
of a proposed data acquisition procedure. Using an approximate geological model based on
information from previous work in the area, proposed source, receiver and recording parameters
can be included in a seismic simulation to assess the preliminary design of a seismic survey.
Seismic modelling can also be used to generate appropriate synthetic data sets for testing
processing algorithms. The purpose of this paper is to present a general ray-tracing modelling
package which has been written to compute finite-offset and walkaway VSP data as well as
conventional seismic time sections; CRP gathers, seismograms, etc. in laterally varying two-di-
mensional (2-D) media. It requires sufficient speed and a means of providing a proper balance
between speed and accuracy. To speed up computations, third-order parabolas are fitted to
consecutive straight line segments of each interface in the vicinity of all breakpoints. Thus, in
the calculation of intersections of raypaths and interfaces, linear equations have to be solved in
most cases, whereas third-order equations are solved only when rays arrive in the neighbourhood
of breakpoints. As a net result ray tracing becomes fast and accurate even with a personal
computer. The examples that are given prove that even a relatively simple modelling method can
provide valuable information for exploration geophysicists.

Keywords: ray tracing, seismic modelling, VSP, time sections, synthetic seismograms, CRP
gather

1. Introduction

The typical geometry for a vertical seismic profile (VSP) consists of a single
source on the earth’s surface and a number of recorder positions in a vertical drill
hole (offset VSP) or a single geophone in the well and several sources on the
surface (walkaway VSP). Vertical seismic profiles have been the subject of many
recent publications. Examples of numerical modelling of VSP data were
presented in Wyatt [1981] and Thybo [1985] who synthesized acoustic
responses from sonic and density logs, and in Ursin and Arntsf.n [1985] who
computed the acoustic response accounting for geometrical spreading and
absorption. Synthetic VSPs have been used in iterative forward modelling [Lee
and Balch 1983], in iterative inversion for velocity and attenuation [Dietrich
and Bouchon 1985; Grivelet 1985] and in interpretation of CRP data
[Hardage 1983, Balch and Lee 1984].

One feature common of all the above-mentioned studies is that they deal
with zero-offset VVSP data in a one-dimensional context. This is the result of three
factors: first, there is typically only one source position; second, the offset of the
source is usually small; and third, the earth’s structure is assumed to be a stack
of horizontal layers. None of these restrictions is necessary. If the offset is not
zero, the lateral variations of the geological structure should be taken into
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account. Similarly, in the computation of synthetic seismograms and
conventional seismic time sections two- or three-dimensional modelling should
be used. The purpose of this paper is to present a program package which has
been written to model finite-offset and walkaway VSP data as well as
conventional seismic time sections and seismograms in laterally varying
two-dimensional models. In this topic the reader is referred to Young et al.
[1984], McMechan [1985], Suprajitno and Greenhalgh [1986] and others.
Such modelling can be used directly as an interpretational tool and as a source of
data for testing of inverse (imaging) processes.

2. Modelling by geometrical ray tracing

The geometrical ray-tracing method is chosen here to compute synthetic
VSPs and surface seismic data. There are numerous modelling techniques
commonly employed for the computer simulation of seismic wave propagation.
The capabilities of these techniques vary according to the theoretical foundations
and subsequent approximations upon which the algorithms are based. Ray-tracing
modelling assumes that seismic energy propagates along straight line segments
(rays), and that reflection and transmission processes occur at a mathemathical
point when one of these rays intersects a boundary between two different rock
units. Actually, seismic energy propagates through the earth as spherically
spreading wavefronts, and reflection and transmission processes occur not at
mathematical points but in large elliptical Fresnel zones. Each reflection point
shown in the ray-tracing models in this paper marks only the centre of the Fresnel
zone corresponding to a reflected raypath. The physical dimensions of these
Fresnel zones must be kept in mind when interpreting ray trace models since a
Fresnel zone defines the size of the reflector area which contributes to each
reflection raypath. Particular attention should be given to situations where a
Fresnel zone may be larger than the lateral dimensions of a structural or
stratigraphic feature of a model. In such cases, if a raypath can exist
mathematically, it generally yields the proper travel time, but the amplitude of
the synthetic reflection will be incorrect since in the real earth the Fresnel zone
would extend beyond one or more edges of the feature.

Diffracted energy can be defined as energy which propagates along raypaths
other than those given by Snell’s law of reflection and refraction. In real earth
seismology, diffracted energy can, in some instances, be the dominant type of
response recorded by geophones. However, since all energy propagation in
ray-tracing modelling obeys Snell’s law, the calculated results shown in this
paper disregard diffracted energy. Diffraction effects can be ignored in modelling
as long as the wavelengths contained in the seismic pulse are much shorter than
the radius of curvature of any part of a reflecting surface occurring in the model.
Thus, ray-tracing modelling in the vicinity of sharp curvature changes in an
impedance boundary should be viewed with caution.

Apart from these disadvantages the ray-tracing technique has several
advantages. Relatively simple, efficient ray-tracing algorithms can be developed
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for two- or three-dimensional media including structurally complex geological
models. Sub-programs can be attached which compute partial amplitude
information, geometrical spreading and absorption. User-defined types of
multiple reflections can also be calculated easily. This method allows for flexible
definition of source-receiver geometry and thereby facilitates modelling of any
data acquisition configuration.

These features allowed us to prepare an efficient ray tracing program
package on an IBM PC/AT personal computer, i. e. ray tracing could be realized
without extremely fast computers. This tool of seismic modelling has proved to
be valuable for determining the optimum VSP field geometry that can address a
given structural or stratigraphic problem. Constructing ray-tracing models before
starting a VSP experiment will result in fewer instances where VSP sources and
geophones are positioned so that they record data which are incapable of
achieving a given exploration objective. The modelling package also provides a
framework for an economic analysis during the planning stage of a field
experiment. For example, modelling can prevent the recording of more data than
are needed to achieve an exploration objective. It can also indicate the amount of
data that needs to be recorded in order to properly image a subsurface anomaly,
and thus it allows an explorationist to make a reliable estimate of how much time
and money will be required to record the data. And last but not least, it can
demonstrate the structural and stratigraphic messages contained in VSP, CRP, or
conventional seismic time sections.

3. Utilities of the program package

The geological model can be defined interactively on the computer screen.
The layer boundaries consist of straight line segments, but in the subsequent
calculations third-order parabolas are fitted to adjacent segments in the vicinity
of each breakpoint. Each layer has constant P-wave velocity, bulk density and
quality factor Q.

The user is able to get a preview with some possible raypaths for the given
VSP geometry. Several ray types can be selected by the user, such as direct waves
only, primary reflections, primary reflections from specified interfaces(s), all the
second-order surface multiples and user-defined multiple reflections. The
purpose of this calculation is to create a picture for a quick-look type
interpretation. Because we do not prescribe for the raypaths to terminate at the
exact receiver positions, it is not time-consuming to create previews. It is
advisable to run a preview before subsequent detailed calculations in order to
work out experimentally the suitable source-receiver configurations.

If a synthetic time section is to be calculated, those raypaths should be
determined that start from the source(s) and terminate at the geophone(s). This
calculation needs an iterative technique. It is time-consuming: if we use a
complex geological model and the number of traces is a few hundred, the
computation takes more than one hour. However, after such a computation the
user is able to make a lot of different plots, such as the determined raypaths, the
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reflecting points of the primary reflétions and the synthetic time section. In the
last of these several options can be chosen. The computed quantity may be
pressure, displacement, particle velocity or acceleration. In the last three cases
both the vertical as well as the horizontal components can be determined. The
impulse response can be convolved by four types of wavelets. Peak frequencies
and lengths are defined by the user.

Absorption and/or geometrical spreading can also be included. The
magnification of a given window of the time section is possible.

4. The algorithm

In the previous section it was mentioned that if one wishes to calculate
synthetic time sections then those raypaths should be calculated that terminate at
the exact receiver positions. This calculation needs iterations and, as a
consequence, it is necessary to compute several times more raypaths than those
appearing in the final results. It means that the efficiency of computation of a
single raypath influences the running time of the whole ray-tracing program.
Because the ray-tracing algorithm is given and cannot be modified, the
computation time depends on how the layer boundaries are handled by the
program.

The model-definition program actually accepts and stores the coordinates of
some points of each consecutive interface. The simplest method of working with
a layer boundary is to connect its points by straight line segments. In order to
determine points of intersections of raypaths and the interface only linear
equations have to be solved; this is fairly simple and can rapidly be done even
with a personal computer. Unfortunately, even a small but abrupt change of an
interface always causes an undesirable shadow zone in the reflection event
(Fig. 1a). In order to prevent the appearance of fictitious shadow zones the points
of the interfaces can be connected by cubic spline functions. In this case,
however, third-order equations have to be solved in order to compute the points
of intersection of raypaths and the interface, and the determination of the angles
of incidence requires the evaluation of second-order polynomials. For realistic
geological models this calculation needs so much time on an IBM PC/AT
personal computer that its implementation is not economical.

In our program package the following method is used. The defined points of
an interface are connected by straight line segments, but in the calculations
third-order parabolas are fitted to adjacent segments in the vicinity of each
breakpoint. By this method the undesirable shadow zones are eliminated (Fig. Ib)
and, in the calculation of the points of intersection, third-order equations need to
be solved only in a few cases. This allows economical implementation of
ray-tracing modelling on a personal computer such as the IBM PC/AT.
Furthermore, it is not necessary to fit a parabola at every breakpoint so the
geological model may include steep faults without any round-off. Spline
interpolation does not possess this advantageous feature.
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i} DISTANCE CM
0. r\ 1003.

SOURCE COORDINATES: 500. 0. SOLRCE COORDINATES: 500. 0.

Fig. 1. If the layer boundary consists of straight line segments, two undesirable shadow zones
occur (A). If third-order parabolas are fitted to adjacent line segments at the breakpoints, shadow
zones disappear (B). The source-receiver geometries are the same in both parts of the figure

1. abra. Ha aréteghatar egyenes szakaszokbdl all, két nemkivanatos arnyékzona jelenik meg (A).
Ha azonban a téréspontokban harmadfokd parabolat illesztiink a szomszédos szakaszokhoz, az
arnyékzonak megszlinnek (B). A mérési elrendezés mindkét abranal azonos

Puc. 1 B cnydae rpaHuLibl pasfiena, CocTosiLLel U3 0TPE3KOB NpPAMBbIX, MOSBNSIOTCA
[BE HeXKenaTeNbHble TeHeBble 30HbI (A). OAHaKO ec/in B TOUKAX COMPSXXEHUS K CMEXHbIM 0Tpe3Kam
noA6VPaeTCs MHOrOU/IEH TPETLEV CTeNeHM, TeHeBble 30HbI 1cue3aloT (B). Cxema U3mMepeHus
OfI'HAKOBA B 0BOMX CyyasiX.

5. Examples

This section presents a series of synthetic VSPs and surface seismic data. All
models vary laterally (2-D) and, it is to be hoped, are characteristic in seismic
exploration.

A low-velocity wedge is shown in Fig. 2/a. The calculated raypaths and the
synthetic offset VVSP for this model are shown in Fig. 2/b and 2/c, respectively.
(Here and in all the following examples, wiggle trace plots will show every
geophone response, but raypath plots will show only every fourth raypath.) They
contain the direct waves and the primary reflections only. Absorption and
geometrical spreading are not included. The Ricker wavelet has a peak frequency
of 30 Hz.

The four primary reflections originating from the direct wave branch can
clearly be seen (Fig. 2/c). Reflections from the second and third interfaces (from
the interfaces of the wedge) create two highly convergent branches. The slope of
a reflection depends on the dip of the reflecting boundary. If the dip difference
between two interfaces is considerable, the slope difference between the two
upgoing reflection events on the VSP section is evident. Thus, the
above-mentioned convergence implies a large dip difference.

The low-velocity wedge acts as a collector lens and can thus cause a shadow
zone. This shadow zone can be found on the deepest reflection event between the
33rd and the 37th traces.
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Fig. 2. Modelling for offset VSP geometry
a) Low-velocity wedge model. The layer parameters are shown in Table |
b) Calculated raypaths. The well is at the left-hand-side of the model, the source offset is 600 m.
The distance between the equally spaced geophones is 25 m
¢) The synthetic VSP section simulating pressure sensitive geophones with Ricker wavelets of
30 Hz peak frequency. Only direct waves and primary reflections arc presented

2. abra. Tavoli (offset) VSP modellezése
a) Kissebességi kiékel6dés. A rétegparamétereket az I. tablazat tartalmazza,
b) Szamitott sugarutak. A farélyuk a modell bal szélén helyezkedik el, a robbantopont-mélyfaras
tavolsag 600 m. Az egyenkoziien elhelyezett geofonok kozotti tavolsag 25 m.
¢) A 2/b abran lathaté mérési elrendezésnek megfelel6 szintetikus VSP szelvény, nyomasméré
geofonok és 30 Hz-es Ricker wavelet feltételezésével. Csak a direkt hullamokat és az elsédleges
reflexiokat tartalmazza

Puvc. 2. MopgenuposaHue yaaneHHoro (ogdcetoro) BCI
a) BbIkMHMBaHME C MO CKOPOCTLIO. MapameTpbl NIacToB NpuUBeAeHsb! B Tabnuue 1.
b) PacumTaHHble NyTu nyyeld Npy cMeLLeHHoli reomeTpumn BCI. CKBaXKMHA HaXoAWTCs Ha /IEBOM Kpato
MOZENK, BeNMUMHA CMeLLieHNs - 600 M. PaccTosiHVe MeX/y paBHOMEPHO PaCcMONOXEHHbLIMM
ceiicMonpuemMHrKaMm paBHo 25 M.
c)  CuHTeTuyeckuii paspe3 BCII, cCOOTBETCTBYHOLLMIA CXeMe U3MEPEHNS, NPUBELEHHOI Ha puc. 2b.
CopiepXUT TONbKO MpsiMble BOSHbI 1 A€ACTBUTENbHbIE OTPaXXeHUs. Mpeanonaraimck YyCcTBUTE bHbIE
K JaBNIeHNIO celicMonpreMHUKI. BepxHuii npefen 4acToTbl BOMHbI Pukepa - 30 ru,

It is important to estimate the importance of multiples. It is evident from the
plots of Fig. 3, where again absorption and geometrical spreading are not
included, that a surface multiple may possess larger energy than a primary
reflection. This suggests that the suppression or at least the identification of these
multiples is very important in the interpretation of offset VSPs. The synthetic
V'SP sections are rather confused near the surface and at short travel times: the
reflections from the upper two interfaces can hardly be separated from other
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Fig. 3. Modelling with multiples
a) Geological model. The layer parameters are shown in Table Il
b) Synthetic VSP section, conditions the same as in Fig. 2/b and 2/c. Only direct waves and
primary reflections are shown
¢) Synthetic VSP section with all the second-order surface multiples
d) Direct arrivals only

3. &bra. Modellezés tdbbszordseikkel
a) Foldtani modell. A rétegparamétereket a Il. tablazat tartalmazza,
b) Szintetikus VSP szelvény, a 2/b dbran bemutatott feltételekkel. Direkthullamok és elsédleges
reflexiok
¢) Szintetikus VSP szelvény az 6sszes masodrend( felszini tdbbszorossel
d) Direkthullamok

Puc. 3. MogenvposaHue ¢ KpaTHbIMW BOJTHAMU
a) MpocTaa reonornyeckas MoAesNb C NOYTU rOPU3OHTa/IbHLIMU CoAMU. MapameTpbl N1acToB
npueeaeHbl B Tabnuy, mil.
b) CuHTeTnyeckuii paspe3 BCIT, cOOTBETCTBYIOLMIA Fe0NOrMYECKO/ MOLENM, NpeaCcTaBNeHHOW Ha
puc. 2b. Mpamble BONHbI U A€ACTBUTENbHbIE OTPAXEHMA,
€) CwuHTeTnyeckuii paspes BCI co BcemMy NOBEPXHOCTHLIMU KPaTHbIMU BTOPOrO MOPSAAKA.
d) TpsMble BOMHbI.
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. . .= Table I. Layer parameters of the
Layer No. Velocity Density geological model of Fig. 2/a
(m/s) (g/cm )
I. tAblazat A 2/a 4bran bemutatott
1 4000 2.80 foldtani modell rétegparaméterei
2 5000 3.00 Tabnuua I. MapameTpbl NNacToB
3 4000 280 reonorn4eckoin Mogenu,
npeacTaB/ieHHON Ha puc. 2/a.
1 4 5000 3.00
5 4500 2.90
Velocity Densit Table Il. Layer parameters of the
ensity eological model of Fig. 3/a
Layer No. (m/s) (g/cm3) g g g
1. t&blazat A 3/a dbran bemutatott
1 1200 2.00 féldtani modell rétegparaméterei
2 .
1800 2.10 ) Tabnuua Il. MapameTpbl N1acToB
3 2200 2.30 reofornyYeckoit Mogenu,
npeacTaBneHHoN Ha puc. 3/a.
4 2600 2.40
5 2800 2.50

Fig. 4. Modelling for walkaway VSP geometry
a) Unconformity reservoir. The layer parameters are shown in Table 1lI
b) Synthetic walkaway VSP. The well is in the middle of the model, the geophone is at a depth of
700 m, the source spacing is 20 m, other conditions as in 2/c. Only direct waves and primary
reflections are presented
¢) Synthetic walkaway VSP for the modified model (L6=L7), geometry unchanged
d) Raypaths related to the synthetic section shown in Fig. 4/b

4. dbra. Tavolodo6 (walkaway) VSP modellezése
a) Diszkordancia-csapda. A rétegparamétereket a lll. tablazat tartalmazza,
b)  Szintetikus tdvolod6 VSP szelvény, nyomasérzékeny geofonok és 30 Hz-es Ricker wavelet
feltételezésével. A farolyuk a modell kdzepén, a geofon 700 m mélyen helyezkedik el, a forrasok
kozotti tavolsag 20 m. Csak a direkthullamokat és az els6dleges reflexidkat szamitottuk.
¢) A maédositott modellnek megfeleld szintetikus tavolodd VSP szelvény a 4/b abran leirt mérési
geometria mellett.
d) A 4/b abran bemutatott szintetikus szelvényhez tartoz6 sugarutak

Puc. 4. MogenuposaHue yganstowierocsa (walkaway) BCI.
a) JloByllKa NpuypoYeHHas K Hecornacuto. MapameTpbl N1acToB NpueefieHsl B Tabnuue 1.

b) CuHTeTUYecKuiA paspe3 BCI ¢ ABMXYLLMMCS UCTOYHUKOM. CKBaXKMHA HAXOAMUTCSA B cepefyHe
mogenu, rny6uHa ceiicMonpmemHmka -700 M, paccTosiHie Mexay UCTOUHUKaMK 20 M. PacuuTbiBannCh
TOMbKO MPsIMble BOJHbI U AEACTBUTE bHbIE OTPaXKeHUs. MNpeanonarannch YyCcTBUTENbKbIE K AABNEHNIO

CeiicMonpueMHMKW. BepxHuii npesen 4acToTsbl BOHbI Pukepa - 30 ru.
c) CwuHTeTnYecKuii paspe3 BCI ¢ ABUXKYLLMMCS UCTOYHUKOM, COOTBETCTBYHOLLMIA MOAUGNLMPOBAHHO
MOZenu, Npy reoMeTPUM U3MEPEHUSI, MPeACTaBNEHHON Ha puc. 4b.
d) JlyueBble NyTV COOTBETCTBYHOLLME CUHTETNYECKOMY pa3pesy, NpeAcTaBeHHOMY Ha puc 4b.
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events. In order to solve this problem we have calculated a synthetic VSP which
contains the direct waves only (Fig. 3/d). Comparing these data with the other
figures, the identification of the two reflections under consideration becames
easier.

Modelling of an unconformity reservoir is shown in Fig. 4la. Layer 6
contains hydrocarbons and, as a consequence, its P-wave velocity is lower and its
bulk density less than those of layer 7. Two synthetic walkaway VSPs have been
calculated: one for the original model Fig. 4/b and one for a slightly modified
version of the model, in which the parameters of the 6th and 7th layers are the
same (there is no hydrocarbon, Fig. 41c). Figure 4/d shows the related raypaths.
Only the direct waves and the primary reflections have been calculated.
Absorption and geometrical spreading are not included and the Ricker wavelet
again has a peak frequency of 30 Hz.

Detailed comparison of the two VSPs shows a salient difference. The
decrease of the acoustic impedance in the reservoir locally enhances the
reflectivities of its faces, giving increased amplitudes of the reflections (see the
right-hand-side of the sections between 200 and 300 milliseconds). This

TRACE INTERVAL:  20. TRACE INTERVAL:  20.
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increased energy is similar to the bright spot well known as a potential
hydrocarbon indicator.

Table I1l. Layer parameters of the

Velocity Density eological model of Fig. 4/a
Layer No. (m/s) (g/cm ) geolog g
I1l. tablazat A 4/a abran bemutatott

1 4000 2.80 féldtani modell rétegparaméterei

2 5000 3.00 Tabnuua Ill. MapameTpbl NnacToB

3 4000 2.80 reonormyeckon Mogenu,

npeacTaBneHHoO Ha puc. 4/a.

4 4500 2.90

5 4700 2.95

6 3600 2.70

7 4000 2.80

8 4500 2.90

9 4900 3.00

10 5000 3.00

A more complicated geological model is shown in Fig. 5/a. The related
raypaths and the synthetic seismic time section can be seen in Figs. 5/b and 5/c,
respectively. Absorption is included and the wavelet (a damped sine wave) has a
peak frequency of 30 Hz. It is assumed that the recorded parameter is the
z-component of the particle velocity. (In the previous examples pressure sensitive
geophones were assumed.)

Fig. 5. Modelling a relatively complicated 2-D geological section
a) Geological model. The layer parameters are shown in Table IV.
b) Raypaths
¢) Synthetic seismic time section, primaries only

5. abra. Bonyolult 2-D féldtani szelvény modellezése
a) A foldtani modell. A rétegparamétereket a IV. tablazat tartalmazza
b) Sugarutak
¢) Szintetikus id6szelvény. Csak az elsédleges reflexiokat mutatjuk be

Puc. 5. MoaenupoBaHve CnoXHOro ABYXMEPHOro reoiormyeckoro paspesa
a) [leonornueckas mogenb. MapameTpbl NacToOB cofepxarcs B Tabnuue IV.
b) JlyyeBble nyTn
c) CWHTeTNYeCKuin BpeMOHHOI pa3pes. MpeacTaBneHbl TONbKO AeACTBUTENHbIE OTPAXKEHUS.
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Velocity
(m/s)

1600
1800
2200
2900
3200
4200
4500
4000
4800
5000
5200

Density (g/cm3) Q

2.30
2.50
2.60
2.60
2.80
3.10
3.10
2.90
3.10
3.10
3.20

300
450
700
800
900
1500
1600
1500
1600
2000
2000

DISTANCE Cr)

Table IV. Layer parameters of
the geological model of Fig. 5/a

TV. tablazat Az 5/a abran
bemutatott foldtani modell
rétegparaméterei

Tabnuua V. MapameTpbl NNacToB

reonorn4eckoin Mogenu,
npeacTaB/ieHHON Ha puc. 5/a.

TRACE INTERVAL: 200,
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Conclusions

The above discussed examples have proved that the modelling package
described here can be used for all those tasks solved by modelling packages for
big computers. The package also offers many more possibilities.

In addition to demonstrating the structural and stratigraphic messages
contained in the data, ray trace modelling is also invaluable for determining the
optimum field geometry. The energy ratio of specified multiples and primary
reflections can also be investigated. One can estimate how the recorded data may
be influenced by hydrocarbon saturation, if a potential petroleum trap is under
consideration. Such modelling can also be used directly as a source of data for
testing inverse methods or data processing techniques.
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SUGARVEZETESES SZEIZMIKUS MODELLEZES
WEBER Zoltan

A szeizmikus hullamterjedés szamitdgépes modellezése a szeizmikus modszer fontos
részévé valt sokiranyu felhasznalhatésaga révén. Jelen dolgozat célja egy geometriai sugarkdve-
tésen alapulé modellez6 programcsomag bemutatasa, melynek segitségével mind a VSP kilon-
b6z6 valtozatai, mind pedig stacking szelvények, illetve kdzds robbantépontokhoz tartozé
szeizmogramok szamithaték horizontalisan is valtozé kétdimenziés modellekre. A megfelel6
szamitasi sebességet agy érjik el, hogy a szamitasok soran az egyenes szakaszokbol allo
réteghatarok minden egyes toréspontjanal egy harmadfokd parabolat illesztiink a csatlakozé
szakaszokhoz. Ezaltal a sugarak és a réteghatarok metszéspontjanak meghatarozasakor a legtébb
esetben csak egy linearis egyenletet kell megoldani, mig harmadfoki egyenletek megoldasara
csak akkor van sziikség, ha a sugarak a toréspont kozvetlen kdzelében érkeznek a réteghatarra.
A bemutatott példak bizonyitjak, hogy még egy viszonylag egyszeri modellezési eljaras is
értékes informaciokkal szolgalhat a geofizikus szamara.

CEMMMYECKOE MOJE/IMPOBAHVE MO MEOMETPUYECKOMY
MPOCNEXNBAHUIO JTYYA

3ontaH BEBEP

KOoMMbloTepHOE MOAENMPOBaHNE PacrpOCTPAHEHUS CECMUUYECKMUX BOMH CTAN0 BAXKHOI 4YacTbto
ceiicMMyecKoro Metoaa 6:1aroapst BO3MOXXHOCTY MHOFOCTOPOHHET O VCMO/b30BaHMs ero Pe3y bTaToB.

Lienbto HacTosiLlell paboThl SBNSETCA NpeACTaBieHWe NakeTa NporpaMM MOAENMpPOBaHUs, OCHO-
BaHHOIO Ha reOMeTPUYECKOM NPOC/EXMBAHMM Nlyya, a NOMOLLbIO KOTOPOro MOXHO pacuutaTh BCI co
CMELLEHNEM WU JBUXKYLMMCA UCTOUHMKOM, a TaKe CYMMMUPOBaHHbIE paspesbl U ceiicMorpammsl,
OTHOCALIMECS K 06LUeli ToUKe B3pbiBa AN ABYMEPHbLIX MoAeneit C ropU3oHTabHBIMU BapuaLysmu.
HeobxoMMasi CKOPOCTb PacyeToB JOCTUIaeTCs TaK, UTO B XOfE PaCUeTOB B KaX A0 OTAeNbHOI ToUKe
COMPSHKEHUS OTPE3KOB MPAMbIX, U3 KOTOPbIX COCTOAT rpaHuLbl NAacToB, K COMPSXXEHHOMY OTPe3Ky
noa6upaeTCs TPEXMEpHbI MHorouneH. Bnarogaps aTomy, Mpy ONpeAeneHWn ToueK nepeceyeHms
rpaHWL, cnoes w Nyueil B BGOMbLUMHCTBE C/y4YaeB HEOGXOAUMO PELUNTbL TOMbKO OAHO MHeliHoe
ypaBHEHWe, a peLlaTb YpPaBHEHWs TPeTbei CTeMeHW HY)XXHO TONbKO TOTAa, €cin Myun NpuxomsT K
rpaHuLEe naacTa B HEMOCPETCTBEHHOM GIM30CTM OTTOUKM COMPSHKEHUS.

MpefcTaBNeHHbIMU NpUMepaHa [O0Kas3blBaeTCsl, UYTO Aaxe OTHOCMTENbHO NpocTas npoleaypa
MO/ENMPOBAHNS MOXET [aTh LIEHHYH NH(OPMALIMIO 419 Te0(N3NKOB.






