MAGYAR ALLAMI EOTVOS LORAND GEOFIZIKAI INTEZET
HUNGARIAN GEOPHYSICAL INSTITUTE 'ROLAND EOTVOS’
BEHIEPCKWN FTEO®U3NYECKUA MHCTUTYT UM. /1. 3TBELLA

GEOPHYSICAL TRANSACTIONS
GEOFIZIKAI KOZLEMENYEK

FTEEOPUN3NUYECKN BKOJIJIETEHD

XX. 3-4.

MUSZAKI KONYVKIADO, BUDAPEST
1972



Felel6s szerkeszt6
Managing Editor
OTBETCTBEHHBIA pefakTop
MULLER PAL

Szerkeszt6 hizottsag
Editorial Board
Pe,anuMOHHaﬂ KOMuccusa
ADAM 0SZKAR, ERKEL ANDRAS, SZ. PINTER ANNA, POSGAY KAROLY,
SEBESTYEN KAROLY

Szerkesztd
Editor
Pepaktop

SZENAS GYORGY

ETO (UDC) 550.3 (061,6.055.2) (439.151)

Felelés kiad6: MULLER PAL
Technikai szerkeszt6: NAGY MAGDOLNA
Grafikai szerkeszt6: NEMETH LAJOS
Megjelent a Mdszaki Kdényvkiadé gondozasaban
Azonossagi szam: 0565 — Terjedelme: 5 A/5 iv — Példany.szam: 1130

71.6968 Egyetemi Nyomda, Budapest
Felel6s vezet6: JANKA GYULA igazgato



CONTENTS

T. Bodoky-G. Korvin-l. Hptai-l. Sipos, : An analysis of the initial seismic pulse

near underground eXPlOSIONS ettt ere e
A. Mesko-P. Zsellér: Approximation of the optimum-filters used in seismic data
PIOCESSINT  toveeeeietieeeetesiseesere st seete st eesese e sesesesesseses esesesesesaesesesseseseneseesese s et se e nseseneneann on e
T. Bodoky : The effect of dip of the reflecting boundary on the stacking of common-
depth-point ChaNNEIS e
T. Bodoky-Zs. Szeidovitz: The effect ofnormal correction errors on the stacking of
commON-dePth-POINt TFACES .ioviciiiiiseie et saeens
G. Goncz-A. Zelei: Recursion band-filters and their design.....ccccocveeiviccnrveieieseeennns
T. Bodoky-l. Polcz: How the number of coverages affects the attenuation of
multiples in common-depth-point StaCKing ....cccooiieiiinciciicec e
T. Bodoky : The effect of changes in waveform upon CDP summation........ccccec.....
G. Korvin-1. Lux : An analysis of the propagation of sound waves in porous media
by means of the Monte Carlo Method ... s
TARTALOM
Bodoky Tamas—Korvin Gabor—Liptai Istvan—Sipos Istvan: Robbantassal keltett
nyomashullamok jellemz8inek vizsgalata ...
Meskd Attila—Zsellér Péter : A digitalis szeizmikus adatfeldolgozasban alkalmazott
optimumMSZUrOk KOZEITESEIBI ..ocvoceeeeeeee e
Bodoky Tamas : A visszaverd feliilet d6lésének hatasa a kozos mélységpontos csator-
NAK OSSZEYEZESENEL .ottt
Bodoky Taméas—Szeidovitz Gyézoné: A normalkorrekcié hibainak hatadsa a kodzds
mélységpontos csatornak 0SSZEQEZESENEl ......ccooviiiicieieieiciee e e
Goncz Gabor—Zelei Andras: Rekurziv savsz(rlk tervezése ...,
Bodoky Tamas—Polcz lvan: A fedésszam és a tdbbszoros reflexidk csillapitasanak
kapcsolata k6zos mélységpontos 0SSZEGEZESNEIl ....ccccvveeiriricieierreee s
Bodoky Tamas: A beérkezések alakvaltozasainak hatasa a kdzos mélységpontos
LTSy A= =341 41 TP

Korvin Gabor—Lux Ivan: Hanghullamok terjedésének vizsgalata porozus kdzegben
Monte Carlo MOASZEITEI ..o

29

37

47
59

73
79

91

27

35

46

56
67

7

89



COAEPXAHWE
T. Begokn—I . KopsuH—W. JiunTan—. LLnnow: AHann3 xapakTepHbIX CBOICTB MPOAOSbHbIX
BOJH, BO3OYXAEHHBIX B3PBIBAMM ..ottt ese it sb e eeenn
A. Mewko—1. Xennep: O6 annpokcuMauuy ONTUMa/bHbIX (PUILTPOB, NPUMEHSEMbIX NpU
LMGPOBOIA 06PaBOTKE CEMCMUUECKMX JAHHDBIX  riveeeriereveierieiesereiesesaseseesesessssesessssssesessssesasens
T. Bcpoku: O BAUSHWM HaK/NOHa OTPaXaloLleil NOBepXHOCTU NPU CYMMUPOBAHWM 3anuceit
MO METOAY Ol T ettt bbb bt b e s et b e b e e be st et sbeseene et e s
T. begokn—XK. Ceiigosuu: O BANSHUM NOTPELLHOCTEN AMHAMUYECKUX MOMNPaBOK Ha CyMMUPO-
BAHME 3AMMCEM O I T oottt
. FTéHy—A. 3enen: Pa3paboTka peKypCUBHBLIXMOMNOCHBIX PUABTPOB . .cicerereerrreriereeereerererenensenes
T. Begokn—W. Monu/: CBA3b CTeneHW NoAaBNeHUs KPaTHbIX OTPaXKeHUiA C KpaTHOCTbIO nepe-
KPbITUA Npy cyMMUPOBAHMN MO METOAYO I T .ot
T. Bcpoku: BnmsHWe M3MEHeHWn (hopMbl 3anucaHHbIX KonebaHuid npu CyMMWUPOBaHWW Mo
METOLY O T T ittt b et bbbt e e bt et e st et e b e b et en e e s e be b ne et nean

I". KopeuH—. Jlyke: AHanm3 pacnpocTpaHeHns 3BYKOBbIX BO/H B MOPUCTOW Cpeje No MeToay
IMOHTE KAPIIO oottt se et e b e s et e se e sb e bt ebe e ne e sbenrenneennens

89

101



A Geofizikai Kézlemények Szerkeszt6 Bizottsdga Ugy hatarozott, hogy az 1. P6t-
flizetben jelzett monogréfidkat kulonkiadasként jelenteti meg. A lap rendes szamai

a szokasos modon jelennek meg. .
SZERKESZTOSEG

The Editorial Board of the Geophysical Transactions has decided to issue the
monographs announced in Supplement 1 in the form of Special Editions. The serial
ordinary members of the paper will be published in the usual way.

THE EDITORIAL OFFICE
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06bSIBNEHHbIE B JOMOMHUTENLHOM Bbinycke N 1, B oTAenbHOM Homepe. Ouepeg-
Hble HOMepa >XypHasa BbIMyCKalTCA M0 06bIYHOMY MOPSAKY.
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Magyar Allami Eétvés Lorand Geofizikai Intézet
GEOFIZIKAI KOZLEMENYEK
XX. kotet, 3—4. szam

AN ANALYSIS OF THE INITIAL SEISMIC PULSE NEAR UNDERGROUND
EXPLOSIONS

T. BODOKY-G. KORVIN-I. L1PTAI-J. SIPOS*

The experiments were carried out in 1968 and 1969, in the Nyir-region, Hungary,
in a nearsurface sandy complex characteristic of this area. The primary aim of the
investigations was to determine the basic characteristics of the seismic pulse, its
dependence on depth and charge weight, further its change during propagation.
A detailed knowledge of these parameters has been rendered necessary by digital
seismic data processing, where a realistic initial wave shape is indispensable for the
deconvolution process.

The method and instrument of experiment

A barium-titanate crystal was used as detector, for the measurements. The unit-
amplification matching member was mounted in a water-proof sonde-case holding
the crystal. Signals from the crystal passed through this member to the recorder.
The latter was a storage-system Textronix oscilloscope provided with a photo-
adapter.

The main data of the sensing head : material : BaTiO3ceramics ; diameter 20 mm ;
natural frequency 500 kcps; measuring range 0,1-100,0 atm; capacity 1670 pF;
sensitivity 230 mV/atm; attenuating block: epoxiresin. The recording oscilloscope
permitted the input signal to start the ray with an extremely short delay (1,6 -10~7
sec), to realize the amplification and time-expansion in calibrated stages, and to store
the signal on the oscilloscope screen long enough to be photographed. The sensitivity
of this oscilloscope hardly varies between 0 and 10 kcps. The calibration of amplitude
and frequency is provided by an internal calibrating unit. Voltage limits: 1 mV/div,
resp. 300 mV/div peak to peak; time limits: 10 6 s/div, resp. 1 s/div, (Lanyi-
Rakoczy, 1969).

For the explosions, usual seismic hole-shooting with Paxit IV explosive was used.
(Paxit 1V is a mixture of trinitro-toluol, dinitro-toluol and ammon-saltpeter. Its
parameters are similar to Nobel’s Explosive No. 704, Ammonal No. 3 and Blasting
Abelite).

Partly to attain a better coupling, partly for the elimination of the effect of the
low-velocity layer, the sensing sonde was placed, in general, in hole. When inves-
tigating the effect of the low-velocity layer, the sonde was placed on the bottom of
the mud-pit, on the surface. Shots recorded in a hole are shown in Fig. 11, shots
recorded on the surface, in Fig. 1

Manuscript received 5, 5, 1971.
* Roland Eo&tvds Geophysical Institute.. Budapest.



Fig. 1 Series of records observed at increasing source-detector distances (Cf. Table I,
Rec. Nos. 5, 4, 3, 2, 1)
1. abra. Felszinen mért jelsorozat névekvd tdltet—szonda-tavolsag mellett (v. 6. I-es
tablazat 5., 4., 3., 2., 1. felvétel)
Pue. 1. Cepunsi cUrHanoB, 3anmcaHHbIX Ha AHEBHOV MOBEPXHOCTU MPW YBENMUYMBAKOLLUXCA pacCTos-
HMAX A0 MyHKTa BO30Y>xaeHms (cm. Tabn. I. 3anucu 5, 4, 3,2, 1)
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10 T. Bodoky- G. Korvin—I . Liptai—J. Sipos

Interpretation of records

Records were sampled manually at equidistant rates At=0,0002 sec, resp.
At =0,00025 sec. The computations were performed with a MINSK-2 computer.
The beginning of the analysed interval of the pulse was the first onset of the pres-
sure wave and the end of the interval was identical with the end of the first period.

The computer program determined for each pulse:

a) the pulse-shape, reduced to zero average and normalized with respect to the
amplification used;

b) the minimum and maximum amplitude {Aminand Antx), the time interval
between them (Tr), the pulse, width (T), and the average energy of the pulse (Fig. 2).

The spectrum was computed with the well-known formula of the transfer
function of digital filters (Robinson-Tbeitel, 1964).

23 records were analysed altogether (Table I). In case of ghosts the primary
pulse and its ghost were analysed separately as well as the composite wave-form.

Results

The following relations were analysed:

1 the change in pulse shape during
propagation;
2. dependence of pulse shape on charge
weight ;
3. the mechanism of ghost generation.
The results of analysis will be compared
with already published theoretical and ex-
perimental data, and discrepancies will be
tried to be explained. Pulses observed on
Fig. 2 Characteristics of the primary  the surface and those observed in hole will
pulse be separately treated, since they show rather
2. abra. A jelalak jellemzéi different properties, due to the filtering
Puc. 2. Xapaktepuctuku topmbl curanos  effect of the weathered layer.

Change in pulse shape during propagation

The dependence ol amplitude on distance
Pulse amplitudes, when observed on the surface, decreased with increasing
shot-detector distance, according to the law
Amin= const. r~x
max = const, r-h 1
The results apply to a distance interval r=4,5—15 m and a constant charge

weight W= 1 kg (Fig. 3.a). The series, recorded in hole, showed a significant, al-
though not regular, decrease.
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Dependence of pulse energy on distance

The average energy was found to depend on distance as
E = const. r~P3i,
when measured on the surface. The hole measurements gave
E =const. r~2¢2, (Fig. 3.b)

There is a considerable discrepancy among experimental data published on
amplitude decrease (Table I1). The relatively small exponent found is closest to
that observed in water (Geinda, 1959; Lanyi-R akéczy, 1969). This is due to the
small range of distances considered. Indeed, the law E ~ r- 2&, describing the decrease
of energy in the weathered layer, can be written as E ~r~2-r~03, where the first
factor describes spherical divergence, while the second corresponds to absorption,
since, in the range of distances in question, r~°"32be~2a with a=0,14 m 1being the

o . -

2 4 6 a 10 2 4 rm) 1 2 4 6 10 2 4 8 B r(ml

Fig. 3 Amplitude (a) and average energy (b) values observed on the surface, as func-
tions of distance
3. abra. Felszinen mért amplitadé (a) ill. atlagenergia (b) értékek a tdvolsag fliggvényé-
ben, allando tdltetsuly mellett

Puc. 3. 3aBMCMMOCTb aMnaMTy/bl (0) U CPeaHeil MHTEHCUBHOCTY (<5 OT paccTOsHUS, MPY PaBHbIX
BENMUMHAX 3apsa
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An analysis of the initial seismic. .. 13

absorption coefficient for the dominant frequency of the pulse. It is a general ex-
perience that for greater distances the exponent increases, owing to energy losses
in reflection, absorption and scattering phenomena.

Relation between pulse-width and distance

The pulse width T and the time interval 1\ between amplitude minimum and
amplitude maximum increases during propagation according to the laws

T =const. [04
Tx= const. ’>%

(detector on surface) and

T =const. r’>2
T =const. r°>8)

(detector in hole; Fig. 4). The results obtained are in conformity with literary data:

T =const. <5 (Rickek, 1953),
T = const. r03-°>16 (0’Brien, 1969),
T =const. €5 (McDonal et ah, 1958).

Change oi the pulse spectrum during propagation

Each pulse was Fourier-analysed between 0-1000 cps. The computed spectra
can be considered as reliable between 10-300 cps (below 10 cps the spectrum is
distorted by the shortness of records, while above 300 cps it becomes noisy due
to reading errors).

It was assumed that the detector’s transfer function is not influenced by its
orientation and that the initial spectrum of the explosion does not depend on source
depth. Fig. 5 shows the spectra of records observed at different source—detector
distances. The analysis of these spectra have led to the following conclusions:

From inspecting the spectra of pulses recorded on the surface it is apparent that
the total spectral energy decreases with increasing source—detector distance and
the dominant frequency shifts toward the lower range during propagation. The
decrease of spectral energy can be attributed to the combined effect of spherical
divergence and absorption, while frequency shift is due to a frequency-dependent
mechanism of the latter. One among the spectra shown in Fig. 5a has a unique
shape, it looks like the spectrum of two interfering wavelets. The corresponding
record was made above the ground-water table.

Fig. 5b shows spectra of the pulses recorded in hole. The same shift of frequencies
can be observed again, the decrease of energy, however, is not so unambiguous,
since in these measurements the explosions were performed under slightly different
conditions. The spectrum of Rec. No 6 in this series corresponds to an explosion at
the same depth but recorded on the surface. It gives, correspondingly, the transfer
function of the weathered layer. The weathered layer behaves as a low-pass filter
with 90 cps cut-off frequency and 12 dB/octave slope, approximately.
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rts !

Fig. 4 Pilise width (e) and time difference between minimum and maximum amplitudes
(x), as functions of distance. Recorded on the surface (a), and in hole (b)

4. abra. Jelszélesség (e) illetve maximum—minimum tavolsdg (x) a megtett Gt flgg-
vényében a — felszinen; b — lyukban észlelve

Pac. 4. 3aBucvmocTb WWpKHbl (€) 1 pasHoca 3KCTPEMYMOB CUrHana (x) OT myTW npobera, npu
a — HaseMHbIX; 6 — CKBaXWHHbIX HabM0AeHUAX

The dominant frequency decreases with increasing source—detector distances,
in the order of r~123(measured on the surface) and r~23(measured in hole). The small
deviation from the law describing pulse-broadening is due to the fact that for pulses
of not exactly sinusoidal shape, the relation T =1//pk is only approximately valid.

Dependence of absorption on frequency

A frequency-dependent absorption coefficient was determined from the com-
puted spectra of the pulses. We assume that these spectra can be written as

Y(co)=H(co)-S(co)-X(r, co)-"1 (]

where B(co) the source spectrum
S(co)  amplitude characteristics of the detector
X(r, c0) attenuation of a harmonic component of angular frequency = 2nf,
after a jrath of length r.
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Let us assume, further, that
X:(rl+r2;-co)=-X(rl, co)-X(r2, co), )
X(r,0)=1

Eq. (2) expresses the homogeneity of the medium and prescribes the usual normalizing
constraint. The solution for the functional equation (2) is given by

X(r, @)= a(0) =0,

where a(o0) is some non-negative function of frequency called the (frequency-de-
pendent) absorption coefficient.5

Fig. 5 Amplitude spectra of pulses for different source-detector distances, a. Observation

on the surface;source-detector distance: 1 15.13 m, 2 10.82m, 385m, 45.92m, 5 4.5 m;

b. Observation in hole; source-detector distance: 7 10 m, 2 11.18 m, 3 22.36 m, 4 31.62 m,
54123 m. 6 2236 m

5. abra. Jelek amplitddé-spekrumai kilonb6z6 toltet-szonda-tavolsag esetén, allandé
toltetstly mellett aj felszinen észlelve; toltet—szonda-tavolsag: 1 — 15,13 m; 2 — 10,82
m; 3—85m; 4 —592m;5—45m. b) lyukban észlelve; téltet-szonda-tavolsag:
1—10m; 2 - 11,18 m; 3 - 2236 m; 4 — 3162 m; 5 - 4123 m: 6 — 22,36 m

Puc. 5. AMNAUTYAHble CNEKTPbl CUTHAM0B MPU PasNNYHbIX PACCTOAHUAX 40 MYHKTa BO36Y>KAEHMA
N paBHbIX BENWYMHAX 3apsafa
a) HaszeMHble HabMAeHNA NPW PacCTOAHNAX L0 MYHKTa BO36yxgeHnsa: 1 — 1513 m; 2 — 10,82 wm;
3- 85M;4- 592m;5- 45m;
J) CKBaXXMHHbIe HabMOAEHMNS MPU PAcCTOAHMAX A0 NyHKTa Bo36yxaeHus: 1 — 10 m; 2 — 11,18 w;
3- 2236 M4 - 3162mM;5- 4123 m; 6 - 2236 ™



16 T. Bodoky—O. Korvin—I. Liptai—J. Sipos

Using spectra of pulses recorded at different distances rxand r2from the source,
the detector’s transfer function S(co) can be eliminated and, assuming that R(co) is
independent of shot depth, the absorption coefficient can be determined.

In conformity with published theoretical and experimental findings it was found
that a obeys the law

a(co) = const. can,

where, in our case, n =2 for the weathered layer, the attenuation being
2,3-10-5P dB/m;

while measurements performed in hole gave a smaller value n = 1,2 (Fig. 6). Exponent
n=12 is close to the values usually encountered in literature (Table I11), while
the f2 law, describing attenuation in the weathered layer, reproduces Ricker’s
classic, much debated, result.

Fig. 6 Coefficient of absorption in function of frequency, a in hole, b on the surface

6. abra. Abszorpcios koefficiens a frekvencia fliggvényében, a — lyukban, b — felszinen
észlelve

Puc. 6. 3aBUCUMOCTb KOI(h(MLMEHTA NOTMOWEHNS OT YaCTOTbl MPU @ — CKBAXMHHbIX; A — Ha-
3eMHbIX Hab0AeHNSX
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18 T. Bodoky—G. Korvin—I. Liptai—J. Sipos

The dependence oi pulse shape on charge weight

In this series of experiments the charge weight varied from 1/8 to 4 kg, the
detector was placed in holes at a constant distance r = 17 m from the source. The
following relations were established:

amplitude vs. charge-weight dependence :
Anjn=const. ITOS,

energy vs. charge-weight dependence:
E =const. 1F107.

These relations are illustrated on Fig. 7.

Fig. 7 Amplitude (a) and average energy (b) values measured in hole, in function" of
charge weight, for constant source-detector distance

7. dbra. Lyukban mért amplitadé (a) illetve atlagenergia (b) értékek a toltetsaly fligg-
vényében, allando toltet—szonda-tdvolsag mellett

Puc. 7. 3aBMCUMOCTb BE/IMYMH aMnauTys (a) U UHTEHCMBHOCTM (O) OT BeNMUMHbLI 3apsaga npu no -
CTOSIHHbIX PACCTOSHUAX 30HAA A0 NMYHKTa BO3GYXKAEHWSA, NPU CKBAXKUHHBLIX HABNOAEHUAX
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The literature concerning amplitude vs. charge weight relations unanimously
accepts the A =const. Wn law. The exponent n, however, greatly depends on the
explosion itself (charge weight, shape and quality of explosive, properties of the
surrounding medium, etc.), so a variety of values! covering the range n=0,33 —1,2
have been reported (Table 1V). The exponent found by us is close to that of O'Briex,
1969. :

Pulse-width vs. charge weight dependence

Pulse width T was found to increase with tile 0,13th power of charge weight
(see also 0’Brien, 1969). T1showed no significant change' (Fig. 8).
I -

Tfsd

Fig. 8 Pulse width in function of charge-weight
8. abra. Jelszélesség a toltetsuly fliggvényében.

Puc. 8. 3aBMCUMOCTb LUMPUHBI CUTHANA OT BEIMUUHbI
3apsga

Pulse spectrum vs. charge weight dependence

Fig. 9illustrates the spectra corresponding to different (1/8-2 kg) charge weights
in a constant depth, recorded at a constant distance (r= 17 m) from the source.
From the analysis of these spectra one may draw the following conclusions:

By increasing the weight of charge the pulse spectrum shifts toward lower
frequencies.
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An analysis of the initial seismic... 21

According to Peet’s (1960) theory the peak values of the spectra vs. frequency,
in case of different charges are located on a hyperbola Apek=const./-2. We found
Apek= const./-0°& the smaller exponent can be attributed to the low-pass character
of the weathered layer (cf. Peer, 1960, Section 1V).

Afal/dB)

Fig. 9 Amplitude-spectra of pulses for different charge
weights (source-detector distance constant)

9. abra. Jelek amplitid6-spektrumai kilonb6z6 toltet-
stlyok esetén, alland6 toltet—szonda-tavolsag mellett

Puc. 9. AMNAUTYAHbIE CMEKTPbl CUTHAMOB NPU PasHbIX BeM-
uMHax 3apAfa M PaBHbLIX PACCTOSAHUAX MEXAY 30HA0M
1 3apsiaom

The dominant frequency was found to depend on charge weight as /pek=
= const.W~0Q® (Fig. 10). A recent paper of Schenk (1971) lists experimental and
literary data ranging from n=0,12 to n=0,28. It is of interest to note that all expe-
rimental values hitherto reported are lower than the theoretical exponent, n—1/3
(Peet, 1960; Brake, 1952) which would correspond to the equivalent radiator
hypothesis. The spectral amplitude corresponding to dominant frequencies was
found to be proportional with W5 According to Peer (1960) the theoretical

exponent is 2/3.
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Fig. 10 The dominant frequency in function of
charge weight

10. abra. Csucsfrekvencia a toltetsaly fliggvé-

nyében
Puc. 10. 3aBUCMMOCTb NpefesibHbIX YacToT OT BeNNYUHbI
* \Y 3apaga

Mechanism of ghost-generation

On certain records (Nos. 11-16, in Table I) the primary pulse was followed by

a ghost-arrival. Typical records are shown in Fig. 11
Figure 12 illustrates the geometry involved in searching for the surface which

generates ghosts. From this figure it is obvious that
v-tp = Y{hs- k d)2+d2
v-tg=Y(hs*2hg+h()2+d2

where we have introduced the notations

hg depth of the ghost-generating surface,

hd detector depth,

hs shot depth,

d horizontal source—detector distance,

v average velocity,
tp, tg primary and ghost arrival times, respectively.
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11. &bra. Ghostos felvételek
Puc. 11. 3anucu ¢ oTpaxXeHUAMU-CNYTHUKaMu

d

surface

h(sz)

hit)

Fig. 12 The geometry of ghost generation
12. abra. Ghostképz6dés geometriaja
Puc. 12. F'eomeTpusa 06pa3oBaHUN OTPAKEHWIA-CMYTHNKOB

23
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Using observed values of tgand tp, the unknown depth hg of the surface can be
determined. Calculations gave the fair estimation ha=3-6 m, suggesting that ghost
pulses originate from top of the ground-water table. In order to check this hypothesis
in another way, we computed the angle of incidence 0 of the ghosts and estimated
the corresponding reflection coefficients from the ghost/primary amplitude ratios.
The plot of reflection coefficient versus angle of incidence is illustrated in Figure 13.
Extrapolating for the case of normal incidence, that is, for 0 =0, a reflection coef-
ficient —0,45 is obtained which seems to be realistic for a moist clayey sand—dry
sand boundary. Indeed, denoting the acoustic impedances of dry sand and moist
clayey sand by Z1 and Z2 respectively, we have (cf. Galfi et al. 1961, p. 233)
Zxrs15*%104gr cm*“2sec-1; Z2" 40-104gr cm-2 sec-1, and

NL-N2
Z%47 D 0,45.

Fig. 13 Dependence of the reflection
coefficient on the angle of incidence

13. abra. Reflexios egyiitthatdo a beesési
szdg fliggvényében

Pvic. 13, 3asucumocts koathduumeHTa oTpa-
YKeHUst 0T YrNoB MajeHms

Differences between primary and ghost spectra

As shown in Fig. 14, the spectrum of the composite waveform possesses two
isolated peaks indicating that primary and ghost pulses have different spectra.
Individual primary and ghost spectra were also determined. The main difference
between them is the energy decrease of ghost spectrum, due to spherical and re-
flection losses and its shift toward lower frequencies, caused by absorption. We have
experimental data as yet not enough to elucidate the (presumably frequency-
dependent) mechanism of ghost production.

In areas under exploration, measurements of this kind may yield valuable
informations for digital processing, since the exact knowledge of ghost/primary
amplitude ratio and the time-delay involved is a prerequisite for ghost suppression.
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A fujifds]

Fig. 14 Amplitude spectra of primary and ghost pulses 1 pri-
mary, 2 ghost, 3 combined spectrum

14. abra. Ghostos felvétel amplitudé-spektruma 1 — jel spek-
truma, 2 — ghost spektruma, 3 — jel és gost egylittes
spektruma

Puc. 14. AMNANTYAHBIA CNEKTP 3annceil C OTPAXKEHNAMU-CNYTHUKaMU
1 — ChekTp ucrHana 2 — CreKTp OTPaKeHWsA-CNyTHWKa;, 3 — COB-
MECTHbIA CMEKTP CUrHana v OTPaKeHUA-CNyTHUKa
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BODOKY TAMAS—KORVIN GABOB—LIPTAI ISTVAN—SIPOS JOZSEF

ROBBANTASSAL KELTETT NYOMASHULLAMOK JELLEMZOINEK
VIZSGALATA

A dolgozatban ismertetjik az 1968—69-es évben a Nyirségben végzett robbanas-
hullam kisérletek eredményeit. A méréseket els6sorban az teszi sziikségessé, hogy a
digitalis szeizmikus feldolgozasban, kiilénésen a dekonvoliciés mivelet soran, elenged-
hetetlen a jelalak és a jelalak id6beli valtozasdnak pontos ismerete. A méréseket homokos
Osszletben végeztik, az észlelést piezoelektromos érzékel6vel és Tektronix tipusu oszcil-
loszk6ppal hajtottuk végre. A kisérletsorozatban a jelalak valtozasat vizsgaltuk a toltet-
szonda-tavolsag és a toltetsuly fliggvényében. Megallapitottuk, hogy a jelalak amplitadoja
)m-'; atlagenergiaja r~V!; szélessege r°>2-04; csucsfrekvencidja r°>3 06 torvényszer(iseg
szerint fligg a tavolsagtdl, a toltetsuly figgvényében a jel amplitiddja a TF>5 energiaja
Wh1, szélessége TI>13 cslcsfrekvencidgja W~°>1 szerint valtozik. Az eredmények
TF= 1/8 —4 kg toltetstulyokra, és r=5—50 m tavolsagra vonatkoznak. Az eredményeket
kilon targyaljuk lyukban, illetve felszinen végzett eszlelés esetére, mert az empirikus
kitev6k — a laza réteg sz(ir6 hatasa miatt — az utdbbi esetben modosulnak. Meghata-
roztuk az adott kozegre jellemzd frekvenciafiiggé abszorpciés torvényt: felszinkdzeli
Osszletben a teljes csillapodas 2,3-10 52f2dB/m. Az els6dleges jelet tobb esetben ghost
beérkezés kovette (11. abra). A ghost kdvetési tavolsdganak és amplitiddjanak elem-
zésével bebizonyitottuk, hogy a ghost a talajvizszint hataran képzédik. Az elsédleges jel
és a ghost frekvenciatartalmanak eltérése az abszorpci6 jelenségére utal. A kisérleti
eredmzle'(nyek 0sszhangban vannak az irodalmi adatokkal, az esetleges eltéréseket ele-
mezzik.

A dolgozathoz négy tdblazat csatlakozik, az els6 tablazat a mérés korilményeit
foglalja ossze, a 1., Ill., IV. Tablazatokban 6sszefoglaljuk az amplitidotavolsag fig-
gésére, a frekvenciafligg6é abszorpcidra és az amplitado toltetsuly fliggésére vonatkozo
irodalmi adatokat.

T. BOAOKW - ' KOPBUH — N. TUNTAN — L. WIMNOLW

AHANN3 XAPAKTEPHbIX CBOMCTB MPOAOJIbHbIX BOJIH, BO3BYXAEHHbIX
B3PbIBAMU

B paboTe onucbiBatoTCA pe3ynbTaTbl OMbITHbIX paboT, NpoBeAeHHbIX B 1968—1969 rr. B
paiioHe Hupuwer (CeBepo-BocTOYHAs BeHrpus) ons aHanusa NpPoAO/bHbIX BOMH, BO36GYXXAEHHbLIX
B3pblBamMy. [ocTaHoOBKa NOAO6HOr0 pofa muccnefoBaHuii 6bina 06ycnoBneHa TeM, YTO NP Lngpo-
BO 06paboTKe CeliCMUYECKMX AaHHbIX, B YaCTHOCTW, NPU onepauuax 4eKOHBOMOLMMN, HEO6X04UMO
TOYHO 3HaTb (DOPMbI CUTHANOB U UX U3MEHEHUS BO BpeMeHW. HabniofeHns NpoBOAUANCH B Mecya-
HO TOANLWE C UCMNONb30BAHWEM MNbe303/1EKTPUUECKOr0 MPUEMHUKA U OCLMNNOCKOMA Tuna TeKTpo-
HMKC. B mpouecce nccnefoBaHUA aHaNM3MPOBAUCh M3MEHEHWA (HOPMbl CUTHANOB B 3aBMCMMOCTU
OT PaccTofHWUA A0 MYHKTa BO36GYXAEHWS 1 OT BeNNUMHbI 3apsgoB. OBGHapyXeHo, YTo ANf amnau-
Tyfbl CUrHana XapakTepHa 3aKOHOMEPHOCTb W3MEHeHUs C pacCTosHuem r-1, Ana cpefHei ero
WNHTEHCUBHOCTUM — r-2.3 ANna wupuHbel — rQ2-0,4u ans npegensHoi yactotel — r08-05 a 3ako-
HOMEPHOCTb M3MEHEHWS C BENMUMHON 3apsada BblpaxaeTcs Ans amnantyabl — IFO5, 4ns MHTEHCUB-
HocTU — IFDY, ans wuprHel — IF043 1 ana npefenbHoi yactoTel — IF-051 Pe3ynbTaThbl AeicTBM-
TeNbHbl 4NA BennymH 3apaga IF = 1/8—4 kr n gnsa pacctosaHuii r=5—50 M. Pa3fgenbHo paccmarpu-
BAlOTCH pe3ynbTaTbl HAbMOAEHUA, NPOBEAEHHbIX HA AHEBHOW NOBEPXHOCTU U B CKBaXWHAX, NO-
CKONbKY 3MMUPUYECKME MOKA3aTeNn HEOAMHAKOBbl B CBA3W C (QUALTPYHOWMUM 3h(eKTOM 30HbI
BbIBETPMBaHMA. Bbln onpefeneH 3akOH W3MEHEHWS MOr/OWeHWs B 3aBUCUMOCTM OT 4acToThl,
XapaKTepHbIl AN JaHHON cpefbl: 3aTyxaHuWe BOMH B NPUMNOBEPXHOCTHON TO/LLE paBHO 2,3-10~5%2
[06/M. 3a NepBbIYHbIM CUTHAIOM BO MHOTMX CNyYasx CnefoBann OTPaXEHNUA-CNYTHUKK (CM. puc. 11).
AHann3 NpoTAXXEHHOCTW W aMNAUTYAbl OTPaXEHWA-CNYTHUKA MO3BOMMA CAenaTb BblBOA O TOM,
4TO nocnefHee obpasyeTca Ha rpaHuLe rPyHTOBbIX BOA. OTK/IOHEHME YaCTOTHbIX XapaKTepucTuK
NepBOro CUrHana U OTPaXXeHWSA-CNYTHWNKA CBUAETENbCTBYET O HaNMyMW MOrNOLWEHNS. MonyyeHHble
pe3ynbTaTbl COrNacylTCA C NUMTEPATYPHbIMU AaHHbIMW, & MPUYUHBI BO3MOXHbLIX OTK/IOHEHWN
aHanusupyTcs.

K pa6ote npunaratotcs 4 Tabnuubl, B NepBoii U3 KOTOPbIX MPUBESEHb! AaHHble 06 YCNoBUsAX
HabMtOAEHNA, a BO BTOPOI, TPETbEN M YeTBEPTON Tabnauuax NpeacTaBneHbl NMTepaTypHble faHHbIe
0 3aBMCHUMOCTAX aMNAUTYAbl OT PACCTOAHWSA, MOTOLEHNS OT YacTOTbl U aMNAUTY bl OT BEIMUMHbI
3apsga, COOTBETCTBEHHO.
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APPROXIMATION OP THE OFTIMEM-FILTEES USED IN
SEISMIC DATA PROCESSING

A. MESKO* P.-ZSELLER**

Introduction

It is well known that optimum filter theory has found a wide application in
many stages of seismic data processing (S/S +N filters, deconvolution filters and, in
special problems, OVS or OHS filters). In the actual design of filters various appro-
ximations must be made and in most cases the necessary filter parameters are
estimated from the recorded data (by means, e.g., of correlation analysis). The filter
is only optimum if all approximations made are justified and even then only with
respect to the parameters used. The filter finally applied to a given channel is,
even in the best case, a good approximation.

In the usual derivation of S/S +N filters, for example, it is assumed that signal
and noise are non-correlated and both are realizations of stationary stochastic pro-
cesses. Power spectra are estimated from the autocorrelation functions. It is well-
known, however, that the frequency content of the seismic signal changes during
propagation, i.e. stationarity which is assumed may hold only within reasonable
short time gates. The coefficients figuring in the correlation functions are random
variables and if one estimates them from a small number of samples, the cor-
responding confidence intervals become rather wide. Consequently, the estimation of
correlation functions becomes the less reliable the narrower is the time gate. If we
strive at the fulfilment of one of the criteria (stationarity), the indeterminacy of the
estimation of the parameters will be increased and vice versa.

Similar difficulties are encountered in case of other problems of optimum fil-
tering. These problems do not make the computation of optimum filters superfluous
since their application results in much clearer seismic sections. It is, however,
reasonable to try to design sub-optimum filters if these lead to an ease in the com-
putations or a substantial saving in computer time.

The methods of sub-optimum filter design can be classified in two large groups.
In the first of them the design model is chosen in such a way that the determination
of the transfer function or weight function of the filter be simple. Investigations of
this kind were reported by Foster and Sengbush (1965). But, in reality, also the
OILS and OVS filters—although they are termed as optimum by the authors
(Schneider et al. 1964, 1965)—were designed under such assumptions on the input
channels which were meant to make the filters suitable for computation.

Manuscript received 30, 6, 1971.
* University, Budapest.
** National Oil and Gas Trust: Budapest.
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Anothertype of sub-oirtimum filters is obtained if we approximate in the frequ-
ency domain some filter which had been designed according to the theory of
optimum filters. The approximating function (i.e. the transfer function of the sub-
optimum filter) has only a few parameters. Its form assures that the corresponding
weight-function be computable with a closed formula from the parameters given.
The actual values of the parameters can be determined by fitting the sub-optimum
transfer function to the optimum one.

The computation of sub-optimum filters is justified, among others, by the con-
venient properties of the weight functions: smoothness, shortness. Consequently,
the otherwise necessary smoothing and truncation may be omitted.

This paper will treat a special group of sub-optimum filters of the second type.
,dAfttler a_llaqrief discussion of the algorithm of design, a concrete application will be

ealt with.

Determination of the transfer function of the sub-optimum
filter

Let us denote by SQ(f) the transfer function of some optimum filter and by
S(f, yv a2 ..., sn)that of the suboptimum filter, where a,, a2 . .., a,, are parameters
which are to be determined.

In order to fit the transfer function we determine the series of parameters for

which
E
Jp \] ISQ(f)-S(f, og, a2, .. ., yn)2df= minimum. @)
-F
In practical cases instead of SQ(f) its sampled version
3fo0) (i=0,£1,22,. ..tn)

is given and instead of integral (1) the sum
7=2N+1 2720 W ~ 8N@>yi>y2> eee>«*)2 )

must be minimum. If the transfer functions of the optimum filter and of the appro-
ximating sub-optimum filters are real, the modulus sign can be omitted. In what
follows, we shall be concerned with this simpler case.

By virtue of the condition of optimality the partial derivatives with respect
to the parameters yk are zero:

aT

ok

After performing differentiation we obtain a system of equations for the un-
known parameters oqg, a2, ..., a.,:

=0; (k=1,2, €)

i=2_N [34)-BAo' *1’a2> meo*,)] ==, )
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This system of equations is generally non-linear. We shall attempt to solve it
after linearization, by an iterative procedure. Let us introduce for sake of simplicity

the notations:
S(if0, og. «m f)—S(if0, a),

grada8 =

The order of approximations in the course of the iteration will be shown by
the upper index of the parameters. Let the initial ©tuple of parameters be

229) Y2 f‘lO)f
while in the j-th step
ai), &2 ..., o).

The (j+1)-st approximation can be constructed from the j-th one as follows.

Let us introduce the notation A for the differences (corrections) between successive®
approximations, i.e.

©)

Developing the function S(f, aol+l), ..., a,,+)) in a Taylor-series at the
neighbourhood of crp:

S(if0, N +)) =s(if0, dP) + (A@ gradaS) +0O[(zI")Z (6).

—where the components of vector /A(* are the \-aiues defined by (5);
the arguments of vector grada8 are the parameters of the ~'-th approximation.

Assuming that the terms which are of the second order in the corrections 2*
are sufficiently small:

y-1+1))=S{if0, xP) + (AQ\ grada8) )

Substituting this to Eq. (2) and differentiating with respect to the corrections 2"
we obtain that

i:2_N Ne fo) - ail)) - (4 gradets (8)

This last system of equations is already hnear in the corrections Ap. After solving
it, the (j+ I)-st approximation of the parameters are obtained by means of Eq. (5).

We have not established the convergence of the procedure theoretically. It was
found in practice, however, that for an appropriate initial n-tuple of parameters,
the corrections Ap become small after a few iterative steps. The choice of initial
parairlneters has a crucial role since it has been always assumed that corrections are
small.

The brief description of the above iterative method was thought appropriate
since this algorithm had been used throughout our investigations. Analyses of other
methods and a detailed investigation of the convergence problems involved will be
subject matters of our further research work.
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An application example

We shall proceed to approximate the transfer function illustrated by Fig. la
The corresponding weight function is also given, Fig. Ib.

f[Hz]

Fig. 1 Transfer function (a) and weight function
(b) of the optimum filter

1. cibra. A kozelitend6 optimumszlrd atviteli figg-
vénye (a) és sulyfiggvénye (b)

Pue. 1. Xapaktepuctuka (5) u BecoBas (yHKUua ()
annpoKCMMMPYEMOro ONMTUMANbLHOro (unbTpa

Considering the shape of the transfer function which is to be approximated it
seems appropriate to seek for an approximating function of the form

S(f, af= +e- Q+a]; ©

that is, the transfer function of the sub-optimum filter consists of two Gaussian
curves, placed symmetrically to the origin of the co-ordinate system. Parameter ax
determines the amplitude, and a2the distance of the centres from the origin. Para-
meter a3is in connection with the slope of cut-off. (The transfer function of the opti-
mum filters has the same properties. The imaginary part is identically zero).

The inverse Fourier transform of (9) is given by a closed formula:

_t
S(t, yk)=a, e <cos 2ny.J. (10)
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It is evident that the weight-function is smooth and automatically truncated.
The initial choice of parameters for the iterative procedure described above was

ai0)=(0.7; 0.005; 10.0).

The change of parameters in course of the iterative procedure and the mean square
deviation between the transfer functions of the optimum and sub-optimum filters
are shown in Table I. The values of the parameters remain practically unchanged
after the first iterative step. The mean square deviation decreases with a jump in the
first step and attains nearly the same value afterwards.

Table 1.
Change of the values of the parameters and of the mean square
error in course of the iterations
Iteration X a2 3 Mean square deviation
0 0.7 0.00500 10,00000 169.201
1 0.87057 0.00635 10.29375 0.121
2 0.87755 0.00631 10.21597 0.119
3 0.88065 0.00642 10.20840 0.119
4 0.87827 0.00633 10.21633 0.119
5 0.87947 0.00637 10.21249 0.119
6 0.87829 0.00633 10.21648 0.119
7 0.87829 0.00633 10.21659 0.119
Table 11.
Values of optimum filter SQ(if0) and of the sub-optimum filter
<f0=4 eps)

i S..(if.) S(if.) i sqife) Sow

0 0.00001 0.00004
1 0.00000 0.00016 1 0.92376 0.82540
2 0.00000 0.00095 12 0.73508 0.63654
3 0.00005 0.00451 13 0.28234 0.40095
4  0.01496 0.01757 14 0.12135 0.20626

5 0.04185 0.05590
6 0.09131 0.14524 16 0.02846 0.02974
7 0.34375 0.30820 17 0.00019 0.00834
8 0.53016 0.53415 18 0.00008 0.00191
9 0.85302 0.75609 19 0.00015 0.00036
10  0.68332 0.87413 2 0.00000 0.00005
21 0.00000 0.00001

3 Geofizikai Kdzi. XX. 3—4.
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The values of the original (optimum) and of the approximating (sub-optimum)
transfer function are given in Table I1. Figure 2aillustrates the transfer function of
the sub-optimum filter while Fig. 2b the corresponding weight function. The transfer
function and weight function approximated are plotted in these same Figures by

Fig. 2 Transfer function (a) and weight function (b) of

the sub-optimum filter. Curves plotted with dotted lines

are the transfer resp. weight functions of the optimum
filter

2. dbra. A szuboptimumszird atviteli fuggvénye (a) és

sulyfiiggvénye (b). A szaggatott vonallal rajzolt gorbék

az optimumsz(rd atvileti fliggvényét illetve sulyfligg-
vényét abrazoljak

Puc. 2. XapakTepuctmka (5) n BecoBas (yHKumsa (&) cy6on-

TUManbHOro unbTpa. Kpueble, NpoBefeeHHbIE MYHKTUPOM,

COOTBETCTBYIOT XapaKTepUCTVWKe W BECOBOW (YHKUAM ONTM-
ManbHOro uLTpa

dotted lines. We emphasize again the fact that the approximating weight function
is automatically truncated due to the proper choice of the form of approximation (9);
the weight-function of the sub-optimurn filter is some two and a half times shorter
than the original one.
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MESKO ATTILA—ZSELLER PETER

A DIGITALIS SZEIZMIKUS ADATFELDOLGOZASBAN ALKALMAZOTT
OPTIMUMSZUROK KOZELITESEROL

Az optimumsz(rék tervezésének korlatai (az alkalmazott elhanyagolasok és para-
meéterbecslések hibai) indokoltta teszik kozelitések alkalmazasat. A szuboptimumsz(irg
hasznalatanak tovabbi el6nye, hogy eltavolitja az eredeti atviteli fliggvénybdl a stochasz-
tikus ingadozasokat. A dolgozat az optimumsz(rd atviteli figgvényéhez néhany para-
méteres szuboptimumsz(r6 illesztését javasolja. A szuboptimumszlrdt agy valasztjuk,
hogy a hozza tartozd sulyfliggvény zart alakban el6allithaté, simitott és csonkitott
legyen.

Az eredeti, és a szuboptimumsz(ré atviteli fliggvénye kozotti atlagnégyzetes
kilonbséget irjuk fel. Az atlagnégyzetes eltérés minimalizalasaval a szuboptimumsz(ird
meghatarozand6 paramétereire nem-linedris egyenletrendszert kapunk. Az egyenletrend-
szert iteracios modszerrel oldjuk meg. A javasolt eljaras szerint a szlirétervezés az illesz-
tésben alkalmazott iteraciés algoritmussal b&vil; a numerikus inverz Fourier transz-
formécié-szamitas és csonkitds elmarad.

Az eljaras alkalmazasat szuboptimalis simit6sz(ir6 tervezésével illusztraljuk.

A. MELWWKO—T1. XXENJEP

Ob AMMPOKCUMALMN ONTUMAJIbHbIX ®WUMbTPOB, MPUMEHAEMbIX
MPN LMN®POBON OBPABOTKE CEMCMMWYECKUX OAHHbBIX

B cBSi3W C OrpaHUYeHUs MW, XapaKTepHbIMK 18 pPa3paboTKu ONTUMaNbHbIX (GUALTPOB (Mo-
PELIHOCTM NPUMEHSIEMbIX NMPEHEBPEXEHMIA N OLLEHKM NapaMeTpoB) 060CHOBAHO NPUMEHSTbL annpokK-
cumauumn. [ononHWTeNbHOe AOCTOMHCTBO Cy6ONTUMabHbIX (UALTPOB 3aK/1YaeTcsl B BO3MOX-
HOCTU UCKMOUEHUS CTOXacTUUECKMX KonebaHuiA M3 nepBoHaYasbHOW MepexofHol XapakTepucTUKK.
B pa6oTe npegnaraetcs paspa6otaTb CyGONTUMasbHbIA (QUALTP C HECKONbKUMU MapameTpamu
ANA NepexoAHOW XapaKTEpPUCTUKM OMTMManbHOro ¢unbtpa. CybonTuManbHbll (UALTP BbIOU-
paeTcsa C TaKUM pacyeToM, YTOGbl COOTBETCTBYHOLLAA BeCcOBas PYHKUMSA Gblia NofnyyeHa B 3aMKHY-
TOW, BbIPaBHEHHOI W YCEYEHHOW (hopMe.

3*
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3anucblBaeTcs CPpefHEKBaAPaTUUYHAs pasHMLA MEXAy MepBOHAYaNbHOW NepexofHOi XapakTe-
PUCTUKON W MEepPexofHON XapakTepUCTUKOW CyGONTUManbHOro ¢unbtpa. [MocpeACTBOM MUHU-
Masm3auumn CpefHeKBaApaTUYHOTO PACXOXAEHUs MO/YYaeTcsi CUCTEMA HEeNMHEeNHbIX YpaBHEHU
AN onpeAeneHns napaMeTpoB Cy6ONTUMabHOrO (unbTpa. CuUcTeMa ypaBHEHWIA peluaeTcs uTe-
pauMoHHbIM MeTofoM. Mo mpeanaraeMomy crnocoby paspaGoTka (uAbTpa pacluuMpsieTcs uTepa-
LIMOHHbIM anropuTMOM, MPUMEHSIEMbIM f/15 COT/IAaCOBaHWs; 0TNajaloT BbIpaBHUBAHUE W YCEUEHUE
YMCNEHHOI 06paTHOl TpaHchopMaumeli dypbe.

MprMeHeHWe MeTofa UNNOCTPUPYETCS Ha MpuMepe PaspaGoTKu cy6oNnTUMaIbHOTO Bblpas-

HUMBalOLLEro (uUnbTPa.
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The effect of dip of the reflecting boundary on the
stacking of common-depth-point channels

T. BODOKY*

In seismic exploration, the aim of applying common-depth-point systems is the
suppression of random noises and multiple reflexions. The filtering of random noises
is based upon the statistical filtering effect of stacking independently recorded
channels; the filtering-out of multiples, however, is determined by transfer functions
derivable also in a deterministic way.

The filtering effect of common-depth-point systems on multiples was discussed
in detail in a previous paper by the author (Bodoky, 1970), where the following
relation has been established for the multiply reflected energy, resp. for its attenuation
produced by the stacking channel type given:

J[e1(m)$(co, 10, d)]2dw

CD%, d) = 0 (1)
0
where
P the ratio of attenuated and unattenuated multiple energy
tp arrival time ,
d seismometer spacing
@ circular frequency
A () spectrum of the arrival
S(co,to,cl) the transfer function of the stacking channel in question
n stacking number

The form of the transfer function S(co, t0, d) is
n
8 (0 10, d)=2 emt<) )

where
Tjt0, d) the value of the “residual moveout” belonging to the i-eth channel
to be stacked, on the place 0, d).

Manuscript received: 30, 6, 1971.
* Roland E6tvds Geophysical Institute, Budapest.
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The value of the residual moveout on a given channel is the difference between
the moveouts of the multiple arrival related to the same t0, resp. of the primary

arrival :
t(t0, d) =0At(t0, d) =Atr (t0, d)-At(t0, d) €))
where
0At the residual moveout

AtT the moveout of the multiple arrival
At the moveout of the primary arrival

In principle, the value of geometrical correction agrees with the moveout of the
primary arrival; consequently the right-hand side of the relation (3) may be con-
sidered as the difference of the moveout of any arrival and of the value of geometrical
correction. From this interpretation of (3) it is clear that the primary arrivals are
stacked with mutual reinforcement and in right phase, the multiples, however,
with a phase difference of 6At, mutually attenuating each other.

The value of geometrical correction is computed under the assumption of
horizontal reflecting planes, consequently At signifies the moveout of a reflexion
from a horizontal boundary.

In the majority of cases, however, the reflecting boundaries are not horizontal,
but dipping. Therefore it is in place to examine the question, what effect has the
dip on stacking. The investigation will be carried out both for primary arrivals
and multiples.

Primary arrivals from (lipping boundaries

According to ceessman (1968), if the dip angle in profile direction is a then
At(ix) =At cos2a @

where At(cc) is the value of the moveout of a primary arrival from a boundary dipping

at an angle of a.
If this is substituted in (3), as the actual moveout of a primary arrival, also

primary arrivals from a dipping boundary have their residual moveouts,
gAt(a) =At cos2a —At = -At sin2a. ®

In case of dipping reflectors, then, the phase-difference-free stacking of simple
primaries will not be fulfilled.

In order to investigate the effect of dip-caused phase-difference also numerically,
let us substitute relation (5) in the transfer function of (2), resp. in formula (2).
The relation established in this way permits the computation of the attenuation
function of three variables 0{to, a, d). For illustrativeness sake let us compute
functions O(t0, a), resp. @(a, d) keeping one of the variables fixed.

According to the points of view of the paper mentioned in the beginning, let us
choose the stacking-channel types, denoting them, in the way mentioned there,
with a series of shotpoint-distances, of the channels figuring there, given in seis-
mometer spacing units.

The stacking-channel types selected are:

the (1.5 2.55.5 6.5 9.5 10.5) type stacking channel of the split-spread system,

the (12 16 20 24 28 32) type stacking channel of the offset shotpoint system.
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With these selected stacking-channel types the attenuation function computations
0 (to, a, d) were carried out with the spectrum and velocity function used also in the
paper mentioned in the introduction, according to the formulas (5), (2) and (1).

In the following, the value of the @ functions will always be given in decibels.

The ®(a, d) functions obtained for to=2 sec are visible, in a sequence corre-
sponding to the enumeration of channel types, in the first two figures (Fig. 1-2).

E (O)-1

Fig. 1 The ®(a, d) attenuation function of the (1,5; 2,5;

5,5; 6,5; 9,5; 10,5) stack channel type, calculated for pri-

mary reflexions (represented in dB; d=seismometer-
spacing; a= dip-angle)

1. abra.az (1,5; 2,5; 5,5; 6,5; 9,5; 10,5) 0sszegesatoma tipus

®(a, d) csillapitasi fliggvénye egyszeres reflexiokra sza-

mitva (dB-ben abrézolva; d=geofonkdz; a= dblésszog)

Puc. 1. ®yHkums 3atyxaHus ®(a, d) cymmoTpacchl Tuna (1,5;
2,5; 5,5; 6,5; 9,5; 10,5) ana oAHOKpPaTHbIX OTpaxkeHuin (B a6; d —
Lar ceiicCMONPUEMHWKOB; & — YTro/ Hak/oHa)

An examination of these figures shows that the attenuation of primary arrivals,
caused by the dipping of the reflecting boundaries, determines, for a given stacking-
channel type, the maximum permitted seismometer spacing, and the maximum
permitted seismometer spacing decreases with the increase of both the dip and the
distance of recording.

Figs. 3 and 4 present the ®(1n, a) functions of the same channel types. The
seismometer spacing is fixed at the multiple-suppression optimum of the individual
channels, i.e. d= 110 and d=50, in turn.

According to these figures, our statements can be completed by the following:

— at low tovalues, especially with such large seismometer spacing, the primary
arrivals are very sensitive against dip. With an increase of t0, this sensitivity rapidly
decreases, and the cut-off zone rapidly shifts towards greater dips.

— if the seismometer spacing is selected for an optimum as to multiple-sup-
pression, the place of the cut-off-zone is practically independent of recording distance;

— the steepness of cut-off and the value of maximum attenuation increases
with an increasing recording distance.
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Fig. 2 The ®(a, d) attenuation function of the (12, 16, 20, 24,
28, 32) stack channel type, calculated for primary reflexions
(represented in dB ; d = seismometer-spacing; a=dipangle)

2. abra. A (12, 16, 20, 24, 28, 32) Osszegcsatorna tipus ®(a,
d) csillapitasi fliggvénye egyszeres reflexidkra szamitva
(dB-ben abrazolva; d=geofonkoz; a= dblésszog)

Puc. 2. dyHkums 3aTyxaHus ®(a, d) cymmoTtpaccsl Tuna (12, 16, 20,
25, 28, 32) oA OAHOKpaTHbIX OTpaxeHui (B Ab6; d — war ceiicmo-
NPUEMHNKOB; @ — Y0/l HaK/10Ha)

Fig. 3 The &0, a) attenuation functionfo the (1,5; 2,5; 5,5;

6,5; 9,5; 10,5) stack channel type, calculated for primary

reflexions (represented in dB; a=dip-angle; seismometer
spacing =110 m)

3. abra. Az (1,5; 2,5; 5,5; 6,5; 9,5; 10,5) 0Osszegcsatorna
tipus 0(to, a) scillapitasi fliggvénye egyszeres reflexidkra
szamitva (dB-ben abrazolva; a= d6lésszdg ; geofonkdz 110 m)

Puc. 3. ®yHkuusa 3atyxaHms (10, a) cymmotpaccbl Tvna (1,5; 2,5;
5,5; 6,5, 9,5; 10,5) 4na 0AHOKPATHbIX OTpaXkeHWui (B A6; a — yron
HaK/oHa; Lar ceiicMonpueMHUKos — 110 M)
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E (C)-I

Fig. 4 The ®(10, a) attenuation function of the (12, 16, 20,
24, 28, 32) stack channel type, calculated for primary reflex-
ions (represented in dB; a=dip-angle; seismometerspacing:
50 m)
4. abra. A (12, 16, 20, 24, 28, 32) 0Osszegcsatorna tipus (<0,
a) csillapitasi figgvénye egyszeres reflexiokra szamitva (dB-
ben &brazolva; a=délésszog; geofonkdz 50 m)

Puc. 4. ®yHkuma 3atyxaHusa ®(/,, a) cymmoTpacchl Tuna (12, 16, 20,
24, 28, 32) pnsi OQHOKpaTHbIX OTPaXKeHWA (B Ab6; a — yron HakIoHa,;
war ceiicmonpmemMHukos — 50 m)

Dipping boundaries and multiple reflexions

Next, the effect of dip upon the multiple attenuation of individual stacking
channels will be discussed.

If merely the simplest, i.e. double-way multiple reflexion is considered, this
behaves, according to the laws of geometrical optics, as a primary reflexion from
a boundary dipping at 2a.

Its moveout is:
AtT(X) =AtT cos2 (2a).

Hence, the residual moveout:
OAt(x) =AtT cos2 (2a) - At. (6)

The expression of 6At(a) will be substituted in (2), further the obtained function
t(o, X, 10, d) in formula (1). With the formula obtained in this way, the attenuation
function 0(to, a, d) is computed also for the multiple reflexion.

The ®(a, d) functions of the two stacking channels figuring also in the previous
computations are presented in the figures 5 and 6 in due order, calculated for mul-
tiples at to=2 sec. In the next two figures, again, (7 and 8), the <Rt0, x) functions of
the same channel types are visible, with the calculation of seismometer spacing as
optimum for multiple-suppression, i.e. for d=\\0 m and d=50 m, in due order.
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g {ama*} E (@amax) -30Hz

Fig. 5 The @ (a, d) attenuation function of the (1,5; 2,5; 5,5;
6,5; 9,5; 10,5) stack channel type, calculated for primary
reflexions (represented in dB; d= seismometer-spacing;
a=dip-angle)

5. abra. Az (1,5; 2,5;5,5; 6,5; 9,5; 10,5) 0sszegcsatoma tipus
®(a, d) csillapitasi fliggvénye tobbszords reflexidkra szamitva
(dB-ben abrazolva; d =geofonk6z; a = d6lésszog)

Puc. 5. dyHkuua 3aTyxaHusa (e d) cymmoTpaccsl Tuna (1,5; 2,5; 5,5;
6,5; 9,5; 10,5) Ans KpaTHbIX; oTpaeHuit (B ab6; d — war ceiicmonpu-
EMHUKOB; & — Yro/l HaK/0Ha)

It is visible from the figures that

— the value of multiple-attenuation, as expectable according to (6), decreases
on account of the dip of the reflecting boundary, becoming zero at a critical
dip value. With a further increase of the dip, it starts to improve again.

— The place of the zone with zero attenuation depends on recording time only.
It does not depend on either seismometer spacing or offset value, consequently
no means are given to influence it.

The results presented throw up two problems

One of them is: how to solve, in case of a dipping boundary, the stacking of
simple reflections without phase-difference? The other: what can be done, in this
case, against multiples?
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The stacking of primary reflexions without phase-difference is ensured, if the
value of geometrical correction is, instead of At, At cos2a. For this, however, the
accurate position of the reflecting boundaries must be known in advance, but exactly
this is the aim of the measurement. This contradiction is circumvented by up-to-date
computer procedures in such a way that they determine the value of the geometrical
correction in an empirical way from the measurement materials. This operation, the
“velocity-analysis”, must be made with a “sampling rate” according to the geological
build-up of the area under investigation, since the value of corrections depend on the
geological structure through dip conditions, and thus the results of one or two analyses
cannot always be extended to the entire section.

The suppression of multiples is the harder one of the two tasks. Applying the
proper geometrical correction, the value of the residual moveout will be

6At =AtT cos2 (2t«) —At cos2a2

where xx — the dip of the boundary reflecting multiples,
«2 — the dip of the boundary reflecting primaries.

E (amax)~ 30Hz

6 (amax)
Hz
0.
5
(o] .
O_I_I_‘_I_Sb_l_l_l_l_r&rl_‘__'_lslﬂ'rm)

Fig. 6 The ®(a, d) attenuation function of the (12, 16, 20,
24, 28, 32) stack channel type, calculated for primary
reflexions (represented in dB; d=seismometer-spacing;

a = dip-angle)

6. abra. A (12, 16, 20, 24, 28, 32) o6sszegesatoma tipus @(ag d)

csillapitasi fliggvénye tobbszoros reflexiokra szamitva (dB-ben
abrazolva; d =geofonk6dz; a= d6lésszdg)

Puc. 6. dyHkuma 3satyxaHms d(a, d) cymmortpaccel Trna (12, 16, 20,
24, 28, 32) pns KpaTHblX OTpaxeHuin (B A6; d — war ceicmonpu-
€MHUKOB; @ — YrO0J1 HaK/0Ha)
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Fig. 7The ®(?0, a) attenuation function of the (1,5; 2,5; 5,5;
6,5; 9,5; 10,5) stack channel type, calculated for multiple
reflexions (represented in dB; a=dip-angle)

7. abra. Az (1,5; 2,5; 5,5; 6,5; 9,5; 10,5) dsszegcsatorna tipus
d(r0, a) csillapitasi figgvénye tobbszords reflexiokra szamitva
(dB-ben abrazolva; a= délésszog)

Puc. 7. ®yHkuma 3atyxaHmsa (10,a) ana cymmoTtpacchl Tuna (1,5;°2,5;
55; 6,5 95; 10,5) Ans KpaTHbIX OTpaxeHwin (B A6; a — yron

HaK/0Ha)

Since no necessary relation exists between a, and a2, the possibility of the
following case may always exist:

AtT cos2 (2aX) '~At cos2a2

that is,
6At"N0

meaning zero multiple-attenuation.

With up-to-date computer procedures, with the computer modelling of actual
wave-paths, this problem, too, can be solved, according to literary data. In our home
practice, however, for the time being this is not yet possible, consequently this even-
tuality must be taken into account.
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Fig. SThe <0, a) attenuation function of the (12, 16, 20. 24,
28, 32) stack channel type, calculated for multiple reflexions
(represented in dB; a= dip-angle)

8. abra. A (12, 16, 20, 24, 28, 32) 6sszegcsatoma tipus (10, a)
csillapitasi fliggvénye tdbbszords reflexiora szamitva (dB-ben
abrazolva; a= ddlésszog)

Puc. 8. ®yHkums 3atyxaHus ®(/0,a) ana cymmoTtpacchl Tvna (12, 16,
20, 24, 28, 32) ans KpaTHbIX OTpaXKeHWin (B A6; a — Yron HaknoHa)

BODOKY TAMAS

A VISSZAVERO FELULET DOLESENEK HATASA
A KOzZOS MELYSEGPONTOS CSATORNAK OSSZEGEZESENEL

A tanulmany a reflektalé feliletelemek d&lésének a kdzds mélységpontos 6sszegezés
végrehajtasakor fellépé hatasat vizsgalja. Két kilonb6z6 offsetli 6sszegcsatoma tipusra
kiszamitja az 0sszegezés atviteli fliggvényét a terjedési idé és a d6lés, illetve a d6lés és a
geofontavolsag fliggvényében. A szamitasokat mind egyszeres, mind t6bbszoros reflexiok-
ra elvégzi.

A szamitasok eredményeként megallapithatd, hogy az egyszeres beérkezéseknek a
délés kovetkeztében fellépd csillapitasa fels6 hatart szab a geofontavolsdgok hosszanak.
Mind a d6lés, mind az offsett novekedtével ez a fels6 hatarérték csokken.

A Kkis beérkezési idejl egyszeres reflexiok igen érzékenyek a d6lésre, a beérkezési id6
novekedtével az érzékenység rohamosan csdkken.

A tobbszoros reflexid-csillapitas a d6lés kovetkeztében csokken, egy kritikus értéknél
zérussa valik, majd ismét novekedni kezd.

A zérus kioltassal jelentkez6 zdna helye csak a terjedési id6tél fligg, a terjedési id6
novekedtével ez a z6na a nagyobb geofontavolsagok felé tolodik.
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T. BOAOKN

O B/INAHNN HAKJ/IOHA OTPAXAIOLWEM MOBEPXHOCTU MPU CYMMWUPOBAHUN
3AMUCEN NO METOAY OrT

B pa6oTe aHanu3npyeTcs BAKUSAHME HaK/MOHA OTPaXalolMx Nnouafok, Habnogaemoe npu
CYMMUpOBaHWK 3anuceit no metody OFT. AN ABYX TMNOB CyMMOTpAcc, Npy pasnyHoii cTeneHn
CMeLLEHNS NMYHKTa BO3GYXKAEHUS BbIYNCNAOTCA XapaKTEPUCTUKM B 3aBUCUMOCTU, COOTBETCTBEHHO,
0T BpeMeHU npobera 1 yrnoB HakKNOHA, a TaKKe OT YI/IOB HaKNOHa W Wara CeicMonpPUEMHIKOB.
BbIUMCNEHNS MPOBOAATCS KaK A/ OAHOKPATHbIX, TaK U AN1S1 MHOTOKPATHbIX OTPKEHWIA.

Pe3ynbTaTbl BbIUACMEHMI MOKA3bIBAIOT, YTO 3aTyXaHWeM OfHOKPATHbIX BO/H, CBA3aHHbLIM
C HaK/MOHOM MOBEPXHOCTH, 06YCNOBNMBAETCS MaKCUMalbHbIA War ceiicMonpuemMHukos. C yBenu-
UeHMEeM KaK Yr/I0B HaKMOHa, TaK U CTeMeHW CMeLLeHNs NyHKTa BO3GYXK/AEHUS, YMEHbLIAETC BepX-
HUI Npeden wara ceicMOonpUeMHIKOB.

OfHOKpaTHble OTPaXKEHUS C HeGOMbLIMMU BPEMEHaMM BCTYMNEHUS BeCbMa YyBCTBUTE/bHbI
K HaK/MOHam, MpuYem C BO3PacTaHWEM BPEMEHU 3Ta YYBCTBUTENbHOCTb PE3KO CHIUXKAETCA.

3aTyxaHue KpaTHbIX OTPAKEHUI YMEHbLLAETCS C YBeNMUEHWEM YT/I0B HAK/OHa; Npu onpese-
NEHHON KPUTUUECKOI BeNMUYMHE MOCNEeAHEro OHO CTaHOBMTCS PaBHbIM HY/IO, a 3aTeM CHOBa yBe-
NIMUNBAETCS.

MeCTO 30HbI C HyNeBbIM 3aTyXaHWeM 3aBUCUT TONIbKO OT BpeMeHW Npobera; ¢ yBennyeHmem
nocnefHero 3Ta 30Ha CMeLLAeTcs B CTOPOHY GOMbLUKX LIAroB CeiicMONPUEMHIKOB.
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THE EFFECT OF NORMAL CORRECTION ERRORS ON THE
STACKING OF COMMON-DEPTH-POINT TRACES

T. BODOKY-ZS. SZEIDOVITZ*

The analog processing of seismic stacking profiles consists of two basic steps::
normal correction of single-coverage profiles and stacking.

When investigating stacking problems from different points of view, it is
generally assumed that normal correction can be carried out accurately, i.e. the
individual arrivals of the channels to be stacked can be brought into full phase-
identity. Experiences gathered in areas with poor energy conditions and high noise-
level, however, contradict this assumption. Therefore it will be tried to follow
the effect of correction errors throughout the course of the stacking process.

Assuming the traces are normalized, the transfer function of stacking is
/
S(co) =" _ednT,
(o) =" @

where / is the coverage number, r, the time-shift between identical phase points
of the reference and of the i-th trace.

If the correction itself is considered as free of error, T will indicate, in an actual
case, some fixed phase-shift on each channel. If, however, the correction is considered
as burdened with error, this phase-shift may assume various values. Within a
certain part of a section, where the signal-to-noise ratio can be regarded as constant,
every possible value of error has a cetain probability of occurrence. Let us denote
the possible values of the error by x, the corresponding probabilities by p(x), and let
us consider M{S(a>)} the expectable value of the transfer function for a given error-
distribution. (The treatment of errors as random variables is reasonable due to the
great number of single-coverage traces in the profile). In this case, in Relation (1),
(t +x), i.e. the error-burdened value of the phase-shift must be taken instead of x.
and the expected value of the transfer function will be

Manuscript received: 3, 6, 1971.
* Roland E&tvds Geophysical Institute, Budapest.
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... +eillf Jese [ elp(xyj.. -p(xf) dxx. . .dxy=
= el Jelax pixj) dx1 ] p(x2)dxzes mJp{x) dxy + ...
..+ eJm>J pIXj) dxL. .. Jp(ay.,) dxf_r Jerxip{xj) dx —

:eJ"i J elnXp{x1 dx]+ o + eJme eilxip{xj) dxj
since
\]p(x) dx=1,

assuming that
p(x1)=p(xn)= .. .p{X) =p(x)

A A I(X)dx,

Tlie expected value of the transfer function is consequently the product of the
error-free transfer function and of an integral expression depending on the error.

The relation obtained becomes still simple, if only the case of primary reflexion
is considered, where

r.=0.

For the primary reflexion,
M{S(co)}— ] elmp{x)dx.

By means of the expected value of the transfer function, the expected signal
energy loss as related to the case of error-free correction can be estimated. Denoting
the expected loss by

J [II{*S(co)}*(co)]2dco

a=~-"

3 [$(#>)/1(co)] 2D
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For a primary reflexion:

\] [J/ \]eiam(x) dx\ A (to)j dm
2
j IfA (v)]2doj

where A(co) is the spectrum of the arrival.

Since constant/ can be eliminated from the integrals by division, the expected
signal-energy loss does not depend on the number of coverage but only on the error
distribution and on the spectrum of the arrival. In what follows, the error distribution
will be estimated from actual field material, and the expected energy loss will be
given with respect to this distribution, as a function of error scattering for some
possible spectra.

Before passing to the actual calculations, a few words are in order regarding
multiples. The transfer function for primaries is constant, therefore the expected
effect of the error depends, in case of identical input signals, on the scattering of
the error alone. Its calculation and representation is, therefore, comparatively simple.
The situation is much more complicated for the case of multiple arrivals. Here, the
error-free value of the transfer function depends on the RMO series of the stacked
trace (Bodoky, 1970). This tansfer function is distorted by the error, and the expected
effect upon a multiple is a function of/variables (f-1 EM O values, and the scattering
ofgtge error). For threefold stacking this was investigated in detail by P. Halasz,
1970.

The distribution of correction errors

If one has to treat the correction errors also in practice, the question arises at
once: what is to be considered as correction error and how can it be estimated from
the actual field records?

In the present investigation the time data of an uncurved good horizon, read
out from all coverages, were corrected with static corrections computed and improved
in field work with routine methods, dynamic correction prescribed (for analog pro-
cessing) and compared with the theoretical, statically and dynamically corrected
time-distance curves, i.e. with straight lines. The deviations were accepted as correc-
tion errors. The investigations were performed on six Samples, each including 200-300
traces, from the Nyir region stacking profile of 1969.

The frequency histograms of the correction errors of these samples are shown
in Figs. 1-6.

As to the distribution of correction errors it was as reasonable null hypothesis
to assume that they obey a normal distribution, since they are presumably results
of several smaller, independently acting factors. This is also corroborated by the
frequency histograms. In order to avoid sampling errors, the sampled data were
put together in seven intervals, each of 3 msec length, and a test of fitting was carried
out on them by the y- test (Vince, 1968).

4 Geofizikai Kozi. XX. 3—4.



50

No-4

No-5b
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Fig. 1 Frequency histogram of the
normal-correction errors, sample tak-
en from the No-4 profile

1. abra. A normal korrekcié hibainak
gyakorisagi hisztogramja a No-4 vo-
nalb6l vett mintanal

Puc. 1. lucTorpamma nOBTOPSEMOCTU
norpewHocTeli AMHaMUYeCKMX NOMNpaBoK
ONA BbIGOPKM 3anuceil, NOMYYeHHbIX N0
npogunio No-4

Fig. 2 Frequency histogram of the
normal-correction errors, sample tak-
en from the No-5b profile

2. abra. A normal korrekci6 hibainak
gyakorisagi hisztogramja a No-5b vo-
nalbél vett mintanal

Puc. 2. [uctorpamma noBTOpPSEMOCTYU
norpewHocTel AMHAMUYeCKMX MONPaBoK
ONA BbIOOPKM 3anuceid, NOAyYeHHbIX MO
npoguno No-56
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Fig. 3 Frequency histogram of the
normal-correction errors, sample tak-
en from the No-6 profile (first

sample)

3. abra. A normal korrekci6 hibainak
gyakorisagi hisztogramja a No-6 vo-
nalbél vett elsé mintanal

Puc. 3. luctorpamma noBTOPSAEMOCTU
NOrpeLwHoOCTell AMHaMUYECKMX MOMpPaBoK
NS NepBOi BbIOOPKWU 3anuceid, NONy4eH-

HbIX No npodunto No-6

Fig. 4 Frequency histogram of the
normal-correction errors, sample tak-
en from the No-6 profile (second

sample)

4. é4bra. A normél korrekcié hibdainak
gyakorisagi hisztogramja a No-6 vo-

nalbél vett méasodik mintanal
Puc. 4. Tlnctorpamma mnoBTOPAEMOCTH
NOrpeLHOCTell AMHAMMUYECKMX MOMPaBOK

ANA BTOPO BbLIGOPKM 3anuceir, nony-
YeHHbIX Nno npogunto No-6

4*

No-6

No-6
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Fig. 5 Frequency histogram of the
No -8a normal-correction errors, sample tak-
en from the No-8a profile

5. abra. A normal korrekcié hibainak
gyakorisagi hisztogramja a No-8a vo-
nalbél vett mintanal

Puc. 5. TlucTtorpamma noBTOpPAEMOCTU
NOrpeLLtHOCTeR AUHAMUYECKMX MOMPaBoOK
4na BbIOOPKM 3anuceid, MOAYYeHHbIX MO
npogunio No-8a

No -Bb

Fig. 6 Frequency histogram of the
normal-correction errors, sample tak-
en from the No-8b profile

6. abra. A normal korrekcié hibéinak
gyakorisagi hisztogramja a No-8b vo-
nalb6l vett mintanal

Puc. 6. luctorpamma noBTOPSAEMOCTU
NOrpeLHOCTel  AMHAMMYECKMX NOMPaBoK
ona BbIOOPKM 3anucei, MOAyYeHHbIX Mo
npogunto No-86
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The results of the computations are shown in a tabular form:

Sample No-4 No-5b No-6/1 No-6/11 No-8a j5To-8b
N 283 228 281 293 319 237
M(X) 1,19 0,83 1,68 0,04 0,53 1,22
a 4,87 5,04 4,81 3,25 3,32 5,75
/a 3,94 13,78 5,68 10,06 8,42 11,87
where N =number of traces investigated

M(x) =expected value of the error, msec
a =SD of the error
y4 =test result

The expected value and the standard deviation were estimated from the data;
thus the number degrees of freedom of the test was 7-1-2 = 4. For sake of compa-
rison, the critical values of the ~f-test with a degree of freedom of 4 are presented:

Probability Critical values for the
in percents application of the test

90,0 7,78

95,0 9,49

97,5 111

99,0 13,3

99,5 14,9

99,9 18,0

99,95 20,0

On the basis of the test, the initial hypothesis was accepted. (If the dynamical
correction is erroneous, then the normal error distribution will surely not hold,
the symmetry of the histogram will disappear. The analysis of correction errors
provides a possible way also for checking the velocity function applied).

The expected signal-energy loss

Accepting error distribution as a normal one, the exjjected signal-energy loss
was determined as a function of the standard deviation. The calculation was carried
out for Ricker-wavelet Spectra of 30, 40, 50, resp. 60 cps peak frequencies (Rickek.
1953).

The results of the calculation are shown in Figs. 7-10.

The purpose of multifold recording is generally a double one. Multiple reflexions
cian be filtered, and the signal-to-noise ratio improved, considering random noises
alone.
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-dB

Fig. 7 Signal energy loss in stacking as function
of the standard deviation of correction error, for
input signals of 30 cps peak frequency

7. &bra. Az 0sszegzésnél beallo jel energia veszte-
ség a normal korrekcio hiba szorasanak figgvé-
nyében 30 Hz csucsfrekvencidji bemend jelnél

Puc. 7. ToTeps aHeprum curHana, Hamevarowiasaca npu

CYMMMPOBaHWKM, B 3aBUCMMOCTW OT pasbpoca norpeLu-

HOCTEN AMHaMUYECKMX NMOMPaBOK MpW YacToTe BXOAHOMO
curHana 30 ry,

-dB

Fig. 8 Signal energy loss in stacking as function
of the standard deviation of correction error, for
input signal of 40 cps peak frequency

8. dabra. Az 6sszegzésnél bealld jel energia veszte-
ség a normal korrekcié hiba szorasanak fliggvé-
nyében 40 Hz csucsfrekvenciajio bemend jelnél

Puc. 8. lMoTeps aHepruu curHana, HameyaroLlascs npu

CYyMMWPOBaHUK, B 3aBMCMMOCTM OT pasbpoca norpeLu-

HOCTel AMHaMMUYECKMX NONPaBoK NpU YacToTe BXOLHOIO
curHana 40 ry
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-dB

Fig. 9 Signal energy loss in stacking as function of
the standard deviation of correction error, for input
signals of 50 cps peak frequency

9. abra. Az osszegzésnél bealld jel energia veszte-
ség a normal korrekcié hiba szdrasanak fliggvé-
nyében 50 Hz cslcsfrekvencidaju bemend jelnél

Puc. 9. MoTeps 3Heprum curHana, Hamevarowaaca npu

CYyMMVPOBaHUK, B 3aBUCUMOCTM OT pasbpoca norpeu-

HOCTell AMHaMUYecKUX NOMNpaBOK NPU 4acToTe BXOLHOMO
curHana 50 ry

Fig. 10 Signal energy loss in stacking as function
of the standard deviation of correction error, for
input signals of 60 cps peak frequency

10. abra. Az 0sszegzésnél bealld jel energia veszte-
ség a normal korrekcio hiba szorasanak fliggvé-
nyében 60 Hz csucsfrekcenciaja bemend jelnél

Puc. 10. MoTeps sHeprumn curHana, Hamevarowasca npu

CYyMMWpPOBaHUK, B 3aBMCMMOCTM OT pasbpoca norpeLu-

HOCTel AMHaMM4YecKMX MonpaBoK MpuW 4acToTe BXO4HOI0O
curHana 60 ruy

55
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In noisy areas under poor energy conditions, where even the recording of primary
reflexions meets difficulties, the improvement of the signal-to-random noise ratio
is of decisive significance. It appears from the calculations that in such areas the
signal-to-noise ratio improvement which could be expected from multiple coverage
may be lost even in cases of relatively small correction errors, especially in case of
high frequency arrivals. Namely

signal /-fold stacking 1_ signal * - signal
noise Yf noise noise

where / is the number of traces stacked. In three-fold stacking, the expected im-
provement is 4,8 dB, in six-fold stacking, 7,8 dB, in twelve-fold stacking, 10,8 dB.

Consequently, the advantages of CDP methods can be exploited only if a suffi-
cienty accurate correction, involving not greater error scattering than 1-2 msec
is applied. The precondition of the determination of a correction of such a high degree
of accuracy is, on the other hand, a good signal-to-noise ratio of single coverages.
This can be improved by diminishing the size of spread parameters,—offset, seis-
mometer spacing. The optimum performance of multiple filtering, however, is bound
to certain definite sizes of the parameters (Bodoky, 1970).

Consequently, if necessary in the interest of proper signal-to-noise ratio, the
optimum multiple filtering effect of CDP systems must be sacrificed.
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BODOKY TAMAS—SZEIDOVITZ GYOZONE

A NORMALKORREKCIO HIBAINAK HATASA
A KOZOS MELYSEGPONTOS CSATORNAK OSSZEGEZESENEL

A tanulmany a kdz0s mélységpontos csatorndk dsszegezését korrekcios hiba jelen-
lIétében vizsgalja és az 6sszegezes atviteli fliggvényét erre az esetre vezeti le. A korrekcios
hiba eloszlasat konkrét mérési anyagon vizsgalja, és a vizsgalat eredményeképpen normal
eloszlasnak fogadja el a hibaeloszlast. Kulonb6z6 csdcsfrekvenciaju beérkezésekhez a
korrekcios hibak okozta jel-energia veszteséget a hiba szorasanak fliggvényében szamitja
ki. Az eredményekbdl lathat6, hogy az &sszegzés érzékenysége a korrekcios hibakkal
szemben n6 az dsszegezett jelek ndvekvd csltcsfrekvencidjaval. A szamitasok megmutat-
jak a korrekcios hibak szérasanak még megengedhetd legnagyobb értékét az egyes jel-
spektrumok esetében.
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T. BOJOKN—XK. CENJOBUL,

O B/INAHNM MNOrPEWIHOCTEN ANHAMMUYECKWMX MOMPABOK
HA CYMMMWPOBAHUWE 3AMUCEN OFT

B pa6oTe paccmaTpuBaeTcs 3afjada CyMMMPOBaHus 3anuceit OT'T Npu Hanuuum norpeLiHo-
CTeii B MonpaBKax W MPUBOAMTCA XapakTepucTka CyMMWUPOBaHUs ANs 9TOro cnydas. Pacnpefe-
NeHue MOrpeLiHoCTeil MOMpaBOK aHanu3upyeTcs Ha (aKTUUYeCKMX MaTepuanax. B pesynbTaTte
NpoBeIEHHOr0 aHanM3a pacnpefeneHne MOrpeliHocTen MNPUHUMAETC HOpMaibHbIM. [loTeps
3HEpPruM CUrHanoB, BbI3BAHHAsA MOrPELLIHOCTAMM MOMNPABOK BbIUWUCASETCS ANS BOMH C Pa3NUyuHOM
YacTOTOM, B 3aBMCUMOCTM OT pa3Gpoca MOrpelHoCcTei. Pe3ynbTaTbl MOKa3biBAlOT, UTO YyBCTBU-
TeNbHOCTb CYMMMWPOBAHWUS K MOrPELIHOCTAM MOMpPaBOK YBEMUMBAETCA C MOBLIWEHWEM YacTOTbl
CWUTHANOB. BbIYMCNEHNUAMU OMPEAensoTCs MaKCUManbHble [AOMNyCTUMbIE BenuuMHbl pasbpoca
MOrpeLLHOCTe NONPaBoK AN Pa3/IMUHbLIX CMEKTPOB CUrHAMOB.
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RECURSION BAND-FILTERS AND THEIR DESIGN
G. GONCZ-A. ZELEI*

One phase of data processing in numerous geophysical (seismic, gravimetric,
geoelectric) methods is the hand-filtering of data. Filtering is frequently performed
with the convolution of the input data system and another data system, the weight
function of the filter. The filtered data are, depending on the length of the weight
function given, a result of a certain number of multiplications and additions.
The length of the weight function, and thus the number of operations according to
output points is the higher, the narrower the frequency band to be passed or filtered
out. In such cases, the application of recursion techniques is very advantageous.
Its essence is that it uses, for the production of one output point, not only the input
data, but also output data, filtered already earlier too. In this way a filtering effect
identical with that of convolution filters is attained with much less operations. The
general formula of the recursion algorithm is

M L
i j=_N<5<nJ ;;pvn I, (1)
where

y —the filtered output

a —the filter affecting the input

b—the filter affecting the earlier already filtered input

X —the input

It is assumed that the sampling interval is of unit value.

Formula (1) uses M +N + linput points and L output points for the production
of a single output value. Let us consider now the case N =0, M =L and let us com-
pute the transfer function of the operation. For this purpose (1) has to be written
in the frequency domain:

Fdy)m =Fda"FiM '-FdbtfiJFi{ym )

where F indicates the Fourier-transform, and | runs over input points, m runs
through every output points. After rearrangement:

3

Manuscript received: 8, 7, 1971.
* National Oil and Gas Trust, Budapest.
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The transfer function of the operation:

F(w) — a0+ae~Jw+ ... +aMe VM @
| +F({btfu) | +ble~J»+ ...+bMe-JWM'

Since the sampling interval is of unit value, - 180° rs W =s180°, where —180°, + 180°
is the Nyquist-interval.

If z=e~iw substituted in (4), it is represented in the so-called z-domain:

-p, «wtaz+... +%rm_AMQ
U |+blz+...+bMM BM@)

F(z) is the ratio of real-coefficient, complex variable, XX-th degree polynomials.
It is simply visible that the Nyquist-interval is represented on the unit circle of the
2-plane, since |r|=1 and, if W varies from —180° to + 180°, 2 runs around the unit
circle. The F(z0) value of the transfer function can be ordered to every zo point of the
unit circle. If F(z) is required to have a definite form, the polynomials AM(z) and
BM(2) have to be chosen suitably. This can be attained by a proper position of the
roots of the polynomials. It must be noted that if a r-value is the root of any of the
polynomials, then also 2. must be one. Namely, the coefficients of the polynomials
agree with the coefficients of the filter; the latter must be, however, real.

In geophysical literature, the procedure was used for the first time by Shanks
(1967), then by Mooney (1968) who discussed the design of notch filters, band-
cut filters and band-pass filters in detail. As a simple example, a notch filter will
be presented here. In the following, the roots of AM(Z) will be called zero places, the
roots of BM(z), on the other hand, poles. Be the zero places z0=e~!3 resp.
20=e+iF’, and the poles z0=1,01.e~i¥’, resp. 20—,01.e+73". The amplitude charac-
teristics and the position of the zero places, resp. poles are visible in Fig. 1 Itp indi-
cates the distance of the pole from the origo. The sharpness of the characteristics can
be varied. If Rp increases, the steepness decreases. This is shown in Fig. 1, where

Fig. 1 Amplitude characteristics
of notch filters Bp distances 1,05,
resp. 1,01

1. abra. Lyukszilrék amplitado-
karakterisztikdi. A véalasztott Bp
tavolsag 1,05 illetve 1,01 j

Puc. 1. AMOAUTYHbIE XapaKTePUCTUKU
(hMNbTPOB-NPOOOK MpU  PacCcTOAHMAX
Rp paBHbix 1,05 u 101 cooTBeT-
CTBEHHO
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notch filters of parameters Rp=1,05 and Rp=1,01 are presented. The transfer
functions are
(z-e-i°)(z-e+J™°)
F@) (r-B pe-I*°)(r-Bpe+*) (©)
where Rpis 1,01 or 1,05.
The filter has 5 points:
1 2cos36° 1,

~d 2 n2 2+ -n2z-~
o= i
[
the filter points being:
1 —2 cos 36°
No %= K, " ORI
resp.
-2cos36° , 1
) B. b*

Fig. 2 Amplitude characteristics of band-reject filters; width
of filtered-out band: 4° a) Zero/pole pairs established in 1°
intervals; Ap=1,01; b) Zero/pole pairs established in2°inter-
vals; pole places situated at Rp—1,008; 1,05; 1,008 and mp=
= 33,5°; 36°; 38,5°
2. abra. Savvagé szlir6k amplitaidokarakterisztikai. A kisz(rtsav
4°szélességli, a) A zérus-poOlus parokat I°-ként helyeztik el.
-Rp=1,01. b) A zérus—pdlus parokat 2°-ként, a poélushelyeket
Rp=1,008; 1,05; 1.008 és <p=33,5°; 36°; 38,5° értékeknek
megfelel6en helyeztik el

Pite. 2. AMNANTYAHble XapaKTEPUCTUKM MOMOCHO-3ar PaXgatoLmx

tunbTpoB. LvpuHa 3arpaxgeHns nonocbl —4°. a) Mapbl HyneBbIX

NonCOB pasMellieHbl Yepe3 1°. PacctosHue Ap=1,01 6) Mapbl Hyne-

BbIX MOJIOCOB pa3MelleHbl yepe3 2°, MecTa MOMKCOB BblbpaHbl B

COOTBETCTBUM C BeimumHamu Rp=1,008; 1,05; 1,008 u gp=355°%
36°; 38,5°
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If the filtering of a broader band is wanted, more zero-pole pairs must be placed
besides each other. The slope depends also further on the Rp distances; in the ex-
clusion range the amplitude characteristics will be better, the more densely are the
zero-pole pairs spaced. This involves, of course, an increase in the number of the
filter points. Mooney suggests 0,5°, resp. 1° zero place distances with identical R p dis-
tances. In Fig. 2, the curve denoted by a is the amplitude characteristics of a filter
cutting a 4° band. The centre of the band lies at 36°. The zero-pole pairs have been
established at each 1°; Rpwas 1,01 selected out of the parameters suggested by
Mooney. The slope is very steep, but the elimination within the exclusion band
is not sufficiently good. This can be improved, if the notch filter placed in the centre
of the band is chosen for less steep, and the slope is gradually increased by a suitable
selection of the Rp distances. Naturally this will deteriorate the steepness of the
filter. This is clearly visible in Fig. 3, where the filtering-out of the afore-mentioned
4° band is our aim, the zero/pole pairs were situated at each 1°; Rp distances were
1,01; 1,025, 1,04; 1,025, 1,01. The zero places in this case, as always, were placed
on unit circles.

Fig. 3 Amplitude characteristics of a band-reject filter. Width
of filtered-out band : 4°; zero/pole pairs in intervals of 2°; R,,
values: 0,01; 1,025; 1,04; 1,025; 1,01

3. abra Savvagé szlré amplitddékarakterisztikaja. A kiszdrt
savszélessége 4°. A zérus—pdlus parokat 2°-ként helyeztik el.
-Bp=1,01; 1,025; 1,04; 1,025; 1,01

Puc. 3 AmnautygHas xapakTepucTMKa MONOCHO-3arpaxatollero

tunbTpa. LWupnHa nonocbl 3arpaxpeHns — 4°. Mapbl HyneBbiX

NONOCOB pa3MeLleHbl vepes 2°. PaccTosHMs Rp BbIGMpanuch paBHbIMM
1,01; 1,025; 1,04; 1,025; 1,01

Another possibility for the improvement of the characteristics would be the
densifying of zero, resp. pole places, e.g. to distances of 1/2°. This would, however,
as mentioned, increase the number of filter-coefficients. In case of 1° spacing, the
filter would consist of 19 points; with 1/2° spacing, of 35 points. This would be, of
course, still advantageous if compared with the length of a convolution filtere, by
which the same narrow band could be filtered with the same quality. Indeed, in this
case a filter of at least 150-200 points should be used.
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The amplitude characteristics of the recursive filter, as suggested by Mooney,
might be improved in the following way. If the pole distances are increased when
passing towards the centre of the band to be filtered, a good degree of exclusion
could be ensured. On the other hand, the slope could be improved if both extreme
poles were placed not radially near the corresponding zero-place, but symmetrically,
at the lower limit of the band somewhat to the left of it, at the upper one, to the
right of it. In this case, namely, the characteristics of both extreme notch filters
overshoot at the proper place, compensating the less steepness of the centre filter.
Against the previous five pairs, three zero/pole pairs were placed at each 2° in the
4° band. Thus the number of coefficients was decreased from 19 to 11; at the same
time, as shown by the curve b of Fig. 2, also the properties of the amplitude charac-
teristics have been improved. The parameters chosen were:

Ep 1,008 1,05 1,008
zero places (0 34° 36° 38°
poles (epp) 335° 36° 38,5°

The transfer function:

(z-e~iH°)(z-e +J8i%)(z- e-1F)(z-e HIF)(z- e- !B)(z- e+HPB)
=(z-1,008e~135)(z- 1,008e+I335°)(z-1,05e~JF’) X (z-1,05¢'F)
(z- 1,008e~Ps%’)(z- 1,008 e+1385)’
(8),

Fig. 4 Amplitude characteristics of band-reject filters. Width
of filtered-out band: 4°; zero/pole pairs in intervals of 2°;
a) Rp—1,008; b) Rp=1,008; 1,05; 1,008

4. abra. Savvago szlrék amplitidokarakterisztikai. A kisz(rt
sav szélessége 4°. A zérus—poalus parokat 2°-ként helyeztik el.
a) Rp=1,008; b) Rp=1,008; 1,05; 1,008

Pite. 4. AMNAMTYfHble XapaKTePUCTUKM MOMOCHO-3arpaXKAatoLLmnx
unbTpoB. LUuMpuHa nonocbl 3arpaxkaeHns — 4°. Mapbl HyneBbIX
NonCcoB pasmMellleHbl yepes 2°; a) Rp=1,008 6) Rp=1,008; 1,05; 1,008
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The amplitude characteristics were computed for an lip= 1,008, identical with
a 20 zero/pole pair spacing, in the way suggested by Mooney. The result is shown
by curve a of Fig. 4 Comparing it with curve b of Fig. 2, the former is essentially
worse. If only the central Rp distance was increased to 1,05, the characteristics
represented by the curve b of Fig. 4 were obtained. The exclusion became consider-
ably better, but the steepness decreased at the same time. The conclusion may
be drawn that the amplitude characteristics can be improved by a suitable choice
of Bp and ip values.

The amplitude characteristics jJresented and the data of the lengths of the
necessary weight function show that, in case of narrow-band filtering, recursion
filters are more advantageous' than convolution filters, the latter being too long in
such cases. With an increase of band width, however, also the length of the recursion
filter increases, since more and more zero/pole pairs are to be established.

Simultaneously the length of the convolution filter decreases more and more,
becoming, in case of broad bands, more advantageous than the recursion filter.
In this sense, both procedures are complementing each other. This fact is emphasized
and elaborated in details' in a forthcoming text-book of Mesko (1971).

The phase distortion of recursion filters

As known, the convolution filters in use are free of phase distortion, but recursion
filters are not. Special steps must be taken to make the filtered output free of phase
distortion. A simple procedure, known from literature, is, for example, to filter the
data system again, from opposite direction. Thus, as additional advantage, the ampli-
tude characteristics will be sharper, while the phase characteristics identically zero.
By this procedure, an increase in the number of operations is inevitable, but,
recognizing certain symmetry properties of recursion band filters and performing
the filtering in two steps, this increase can be kept lower.

Be X(z) the z-transform of the input and Y(z) that of the output. The filter
operation in the z-domain is:

(@)=fmg T 7 T ©)
Performing the filtering in two steps:
Y@ =AM@2) Y2 (20)
where
T»=r-T7TXQ2) (11)

By (10) a convolution filtering, by (11) a recursion filtering is defined, i.e. (9)
has been resolved into a convolution and a recursion filtering.

This was done, because it is evident that AMz) represents a 2M + 1-point zero-
phase-shift convolution filter.
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Let us write AM(2) in the form:

M

Am(2) :._I'II «0(% - 2)(20i- Z) (12)

It is known that AM(z) is of an even degree, since the number of roots is 2 or
4 or 6, etc. Let us ivrité out the r-th pair of roots separately:

(4 —D(Za—12) =ZZd—Zg+ Zdy: Y} 2- = 1—2Zg reaj-+ 7~ (13
By (13), a 3-point symmetrical operator is represented:

«10 ~ A «/1“ “''o/ real «12 1* (")

In the 2-domain, the AM() filter is produced as a product of such factors;
in the time-domain, again, as their convolution:

Anl={1; - 2z0hrcal; 1}*{1; -2r@real; 1}*.. . *{1; - 2 -om ,read '} (15)
2
The convolution of symmetrical filter operators is similarly symmetrical, i.e.
in (15)
«1= a2Mi 0?si?sM—1 (16)

Since AM(2) is symmetrical, it is free of phase distortion.

This can he very illustratively shown in the r-domain. Let us regard AM(2) as
sum of vectors interpreted on the 2-plane. Apjilying (16), AM() can be written as
follows:

AM(@) =zn(aoz~n+ ... +an 1z~-1+an+an Iz+ ... +awn)=

=zn(aozn+ ... +azi+an+an x+ ... +amn)=

\AM2)\e~*-zn  fn =M @n
where
m.. +a, 121+a,+an 12+ .,.. +aozn (18)
the phase-shift:
(19)

The znfactor is considered by shifting the input data by a sampling interval n.
It is easy to see that the value is zero. To prove this, one has only to show that the
AM(z) vector has only real component, show well by Fig. 5. The sum of each pair of
vectors fall on the real axis, therefore their resultant similarly falls on the same.
Thus, Im A[() =0, and from (19), ¢=0 for every z

The situation is not similar in the case of BM(2), since the poles were not placed
on the unit circle, thus the 3-point elementary operators will not be symmetric
either.

5 Geofizikai Ko6zi. XX. 3—4.
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Fig. 6 The AM(z) vector in the z-domain
5. é&bra. Az AM(z) vektor z tartomanyban
Puc. 5. Bektop a 'm(z) s 06nactu z

It is visible, therefore, that phase-distortion is caused only by a recursion filtering
. Merely this has to be corrected, for example in the way mentioned

with a filter
earlier.
The original data system is passed twice across the filter —~— from opposite

directions, then filtered in a non-recursive way with AMz). The difference is that the
data system had been filtered, until now, with the entire A @ filter, unneces-
sarily. The block diagram of the filtering suggested is visible iEnMF(izé. 6.

X (z) 4y HP1—y(2)

Fig. 6 Block diagram of the filtering suggested
6. abra. A javasolt szlirés blokksémaja
Puc. 6. Mpeanaraemas cxema (unbTpaLum

These two modes of filtering are not fully identical. The amplitude charac-
teristics of the method quoted from literature is

2 \AM@)\

a m (z) i
\4W) 1 BlZ) \=ejWw \BM{)* \AM(2) Liz=e-iw (20)
while that of the one suggested :
\AMQ2)\
twor= \BM(Z)\Z lz=e-W @

The difference lies in the factor AM(z). In case of suitably chosen parameters,
however, both approach the ideal characteristics fairly well.
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Also the number of operations spared was estimated. If the number of esta-
blished pairs ofroots is n, i.e. AM(z), resp. BM(z2) polynomials are of M = 2n-th degree,
the number of operations needed for each output gioint is less by An+ 1. Let us assume
that a channel of length of 2K is filtered, and n=6. The gain is about 51 000
operations. It must be noted that this estimate does not take the increase in
computer time, originating from the more complicated data motion, into considera-
tion.

The situation will be somewhat altered when the lower limit of the band to be
filtered is zero, i.e. when a low-pass filter is designed. In this case AM(z) will not be
symmetrical, its radical form will be broadened by factor (c—=z), filtering out the zero
frequency. Here cis real. This corresponds to a non-symmetrical operator (c,- 1),
and the symmetry of the numerator will be destroyed by the convolution made with
it. Accordingly, this factor must be detached from AM(z). The filtering will be modi-

fied in such a way that a two-way recursive filtering is made with ﬁ"\}@ according
to the formula

F(Z) =2 m @) (22)
BM(9

where
AM(@2) =Ai(2)-(c-2)

then the convolution filter Ax() is applied to the result.
Finally, thanks are due to the Geophysical Exploration Co. of National Qil and
Gas Trust for their kind permission to publish this paper.
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GONCZ GABOR—ZELEI ANDRAS

REKURZIV SAVSZUROK TERVEZESE

A tanulmany els6 részében rovid attekintést ad a rekurziv savsziirékrél, alkalmaza-
suk elényeir6l és korlatairol, valamint tervezésiik egyfajta — az irodalomboéljélismert —
maodjarél. A maédszer alkalmazasaval a sz(r6k amplitGdékarakterisztikaja javithato.
A rekurziv szlrék faziskarkterisztikajara vonatkozdélag ismeretes, hogy ezen sz(ir6k nem
zérus fazistolasuak. Bizonyos eljarassal — az egyszer mar megszlrt adatok ismételt
szlirésével — a fazistorzitast ki lehet kiiszobdlIni. Figyelembe véve a rekurziv sz(rék at-
viteli figgvényének bizonyos szimmetria tulajdonsagait ez a masodik sz(rés lerovidithetd.
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. TEHU—A. 3EJIEN

PASPABOTKA PEKYPCMBHbLIX MOJZIOCHbLIX ®WN/IbTPOB

B nepBoii 4acTu paGoTbl KOPOTKO M3NaraloTcs CYLIECTBYIOLIME BUAbI PEKYPCUBHBIX MOMOC-
HbIX (DUNLTPOB, MX MPEUMYLLECTBA M OrpaHMyeHuns, a TakKe XOPOLIO M3BECTHbLIA U3 NUTepaTypbi
MeTo, UX pa3paboTKU. MeToq MO3BOMSET YNYyUlUTb aMMUTYAHble XapaKTepUCTUKKU (DUNLTPOB.
O (a3o0BOM XapaKTepUCTUKE PEKYPCUBHbLIX (IMNbTPOB WM3BECTHO, YTO B HUX (ha30BOe CMeLLEHWe
He paBHsieTcst Hynto. C NpuMeHeHMeM OMnpefeneHHOro cnoco6a — nyTem MOBTOPHON (MALTPALIUM
yXe OT(UNbTPOBAHHBIX JaHHLIX — MOXHO WCK/MIIOUMTb (DA30Bble MCKAXKEHWs. YUuUTbIBas onpeae-
NeHHble 0COBEHHOCTU CUMMETPUM XapaKTepUCTUKN PEKYPCUBHBIX (INbTPOB MOXHO COKPaTUThL

BTOPYI0 (pUAbTPaLyIO.

Flggelék

A fliggelékben a rekurziv szlrdk zérus—polus elhelyezéssel torténé tervezését
kivanjuk szemléletessé tenni néhany egyszer(i példa segitségével.

Tegytk fel, hogy olyan lyuksz(rét akarunk tervezni, z-tartomanyban, mely a
zérd frekvenciat, azaz az egyenkomponenst sz(iri ki a bemeneti adatrendszerbdl.
Jeloljuk ezensz(rd atviteli fliggvényét F(z)-vei. Minthogy definicid szerint z =e~jafr
—ahol r a mintavételi tdvolsag — olyan F(z)-t kell valasztanunk, melyre fennall,
hogy 2(1) = 0. Ez teljesul ha:

(D

Az atviteli fuggvény zérohelye z= 1-nél van. Az amplitiddkarakterisztika :

\F@\ =tL"-

Az 1 abréan lathato, hogy az (1—2) vektor hossza egyenld az amplitiddkarakterisz-
tika valamely z helyen felvett értékével. Lathatd, hogy F(1)=0 és Fj—)=1

Fig. 1 Transfer function of
nofch filter F(z) on the s-plane
1 é&bra. Az F(z) lyuksziir at-
viteli fuggvénye a”z-sikon
jPuc. 1. Xapaktepuctuka mnbTpa-
npobkn F(z) Ha nnockoctn z
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A 2. 4bra a gorbéje mutatja az amplitidokarakterisztikat a Nyquist-intervallumban.
Ez, tavolodva a zérus frekvenciatol, igen lassan novekszik, emiatt erésen vagja a
zérus frekvencia elég tag kornyezetét is. Ez nemkivanatos hatas. Mindenesetre az
(1; —1) kétpontos sz(ird megvalGsitja az egyenkomponens Kisziirését. Elesebb
amplituddkarakterisztikaju sz(ir6re lenne azonban sziikségunk. Definialjuk G(z)-t
a kovetkez6képpen:

©)

ahol Rp valos.

GT 20° W 60" SO 100" 120 HCT wo* 10"

Fig. 2 Amplitude characteristics of filter F(z) (curve a) and
of G(z) (curve b)

2. &bra. Az a-val jeldlt gorbe az F(z) a &-vel jeldlt a G(z) sz(iré
amplituddkatakterisztikaja

Puc. 2. AMnAnTygHble xapaktepucTtuku a) punbtpa F(z);
6) dhmnbTpa G(2)

G(z) zérdhelye megegyezik F(z) zéréhelyével, és polusa van a z=Rp helyen. A 3. abra
szemlélteti az elhelyezett pélus hatdsat. A \G)\ az (1—s) és a (Rp-z) vektorok
hosszanak hanyadosa. Ha Rp—1+a, ahol O<a«lakkor |1—z| és \Rp—2\ kozelitéleg

ahol |G(1)] =0. Az abréardl leolvashatd a faziskarakterisztika értéke is:
>2)=0 (2)-ip(2). “

A 2. dbra b gorbéje a G(z) sz(ir6 amplitidokarakterisztikaja. Lathato tehat, hogy egy
zérushely és egy polus elhelyezésével igen nagy vagasi meredekségii szlrét allit-
hatunk el6.
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3 dbra A Q2) sziiré atviteli figgvénye a z-sikon
Puc. 3. XapakTepuctunka unbtpa G(z) Ha NAOCKOCTM S

Ha X(z)-vel jeldljiik a bemenet, Y(z)-vela kimenet z-transzformaltjat, a sz(irést
z-tartomanvban a kovetkezd képlet irja le:

J. 1

T(2) = —--Xh),

I"K e
id6tartomanyban pedig:

Yn =Rp Xn ~Rp Xn~l +Bp yn~1 ©

a sz(ir6 harompontos, Rp értékeire a szokasos valasztas 1,01 <12p< 1,1 ettdl fuiggen
valtozik a lyuksz(rdé meredeksége. Bonyolultabb sz{iréket is hasonlé meggondolasok-
kal tervezhetiink. )

Felvet6dhet a kérdés miért nem tehet6k polusok az egysegkor belsejébe. Altala-
nosan bizonyithatd, hogy az ily médon kapott sz(ir6 nem lenne stabil. Ismeretes,
hogy egy linearis sz(ir6 akkor stabil, ha az egységimpulzus bemenetre adott valasz
— amelyet sulyfliggvénynek is szokas nevezni — id6ben lecseng, azaz ha a rendszer
visszatér nyugalmi allapotaba. Mas szavakkal, ha véges energidju bemenet esetén
a kimenet energiéja is véges lesz.

Vizsgaljuk meg a fenti sz(r6 stabilitasat. Ehhez sziikséglink lesz az egység-
impulzus bemenet 2-transzforméltjara. Az egységimpulzus bemenet:

1 n=o0
_\/11
0 tir0 v
A r-transzformdlt definicioja:
X(z) =Z X nen. 8)
n=0

igy (7) 2-transzformaltja X{z)—\.
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A kimenet z-transzforméltja (5) alapjan:
. Rn D¢
rw -i mX(2): 9)
l-jr-z
R

amely éppen az atviteli fluggvény, a |z| =1 koron.
(9)-et sorbafejtve Y (2)-re a kdvetkezd képletet kapjuk:

(*) = 1- -1 2+ (10)
( ) Rn R’ RP
a kimenet id6tartoméanyban tehat az
1 . 1 1 11
(n)
\% "rRPVoow "] Rp

sorozat lesz.
Ha Rp=la kimenet megegyezik a bemenettel, ekkor ugyanis G(z) =1 lesz.
Ha Rp>1 akkor:

. o8 1 )
nl_m R an-i i?) lim R -0

tehat a kimenet lecseng.

Végul ha 1 akkor -—>1, igy a kimenet minden hataron tal né. A sz(ir6 instabil.

A pélusokat tehat min%gnkor az egységkoron kivil kell elhelyezni. 3

A zérus és polushelyek az el6z6 példékban a valds tengelyen voltak. Altalaban
ezek komplex szamok. llyen esetekben a megfelel6 komplex konjugalt értékeket
is figyelembe kell venni a sz(ir6 tervezésénél.
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HOW THE NUMBER OF COVERAGES AFFECTS THE ATTENUATION OF
31IULTIPLES IN COMMON-DEPTH-POINT STACKING

T. BODOKY-I. POLCZ*

The attenuating effect of common-depth-point systems upon multiple reflexions
was discussed in detail in a previous paper (8 odaoxy, 1970). Using the computational
technique introduced there, it will be examined, what role the number of CDP traces
has in the elimination of multiple reflexions. The principal aim will be to give criteria,
upon which it can be decided, whether the advantages due to an increase of the
percentage of coverage are proportional to the increase in measuring costs.

In order to characterize the multiple-attenuating efficiency of some type of
stacked traces, resp. of a spread system, in the paper mentioned the ratio of trans-
m:ttgd, resp. total energy of the multiple was used. This ratio is given by the following
relation :

| [A(®)S(m)]2d0
®unoc) °

[

where & ratio of attenuated, resp. unattenuated multiple energy
tg  recording period
d seismometer spacing
/ number of CDP traces
@  circular frequency
A () spectrum of multiple reflexions
S() transfer function corresponding to the stacked trace; in detail;

/
S(e) =2 guTit,x)

where r &, X) is the residual moveout of the r-th trace to be stacked,
X seismometer-shotpoint distance.

Manuscript received: 1, 7, 1971.
* Roland E6tvds Geophysical Institute, Budapest.
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Throughout the computations, the velocity function and spectrum charac-
teristic to the Nyir region, described in the paper mentioned, were employed. To make
calculations simple, the @ functions were not determined for the entire to—d plane,
but towas kept fixed. This does not cause a loss of information whatever, since the
functions are approximately independent of to (Bodoky, 1970).

The @ functions were computed as functions of d for lu=2 sec, for 3-, 4-, 6- and
12-fold systems. The computations were carried out for a split-spread system (Fig. 1),
for an end-on-system (Fig. 2) and for an offset-shotpoint system with 12 seismometer
spacings (Fig. 3). The @ functions obtained were represented in dB units. The ®
function of the individual systems is defined as the aritmetic mean of the ® functions
corresponding to different types of stacked traces occurring in the system.

It is apparent from the figures, that the cut-off frequency and slope is practically
independent of the number of the coverages; a doubling of the latter improves the
maximum attenuation by 3-GdB, but the optimum zone shifts, according the cut-off

steepness, towards greater seismometer spacings.

¢ (dB)

Fig. 1 Attenuating effect of a split-spread system upon multiple
reflexions (in dB) as function of seismometer spacing, in 3-, 4-, 6-
and 12-fold stacking

1. dbra. Kozéplovéses teritési rendszernek a tobbszords reflexidkat
csillapitd hatdsa (dB-ben) a geofontavolsag fliggvényében 3-, 4-,
6- és 12-szeres fedés mellett

Pite. 1. 3aBMCMMOCTb CTereHW MOAaBMEHWUS KPaTHbIX OTpaxeHui (B 46)
0T LWara ceiicMONPUEMHUKOB Npu 3-, 4-, 6- 1 12-KpaTHOM NepeKPLITUK
[N YCTAaHOBKU C LeHTPaNbHbIM NofioxeHuem MNB
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Fig. 2 Attenuating effect of an end-on spread system upon mul-
tiple reflexions (in dB) as function of seismometer spacing, in 3-
4-, 6- and 12-fold stacking

2. abra. Véglovéses teritési rendszernek a tobbszords reflexidkat
csillapitd hatdasa (dB-ben) a geofontavolsag fliggvényében 3-, 4-,
6- és 12-szeres fedés mellett
Puc. 2. 3aBMCMMOCTb CTeNeHU MOAaBfeHMsI KPaTHbIX OTpaxeHui (B A6)

OT Lara ce/icMonpmemMHuKoB npu 3-, 4-, 6- n 12-KpaTHOM MEPEKPbITUN
c B B KOHLE yCTaHOBKMU

These results imply, that the suppression of multiples can be considerably
improved by increasing the number of coverages, but only when other causes, first
of all the noise level and energy conditions of the area do not prohibit a simultaneous
increase in seismometer spacing. If short seismometer spacings lying in the cut-off
range must be used, there will be no essential differences between the efficiencies of
the different numbers of coverages. In such cases, the optimal number of coverages
must be determined according to other aspects.

REFERENCE

Bodoky, T. 1970: A kbézds meélységpontos (GDP) rendszerek sz(ir6hatasa és atviteli
fuggvényeik. (The filtering effect of common-depth-point systems and their transfer
functions; in Hungarian). Magyar Geofizika, X 1. G pp. 209-218.
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 (dB)
*

Fig. 3 Attenuating effect of a 12 seismometer-spacing

offset-shotpoint system upon multiple reflexions (in dB) as

function of seismometer spacing, in 3-, 4-, 6- and 12-fold
stacking

3. abra. 12 geofonkdz offsettel kivulr6l 16tt rendszernek a
tobbszords reflexidkat csillapité hatdsa (dB-ben)] a geofon-
tavolsag figgvényében 3-, 4-, 6- és 12-szeres fedés mellett

Puc. 3. 3aBMCUMOCTb CTeMeHW MOAaBNEHUS KPaTHbIX OTpaXKeHWi (B

[6) OoT wara ceiicMonpueMHMKoB npu 3-, 4-, 6- n 12-KpaTHOM ne-

PeKpLITUMN ANs cucTeMbl HabnoaeHNl ¢ MB, CMeLeHHbIM Ha pacc-
TOsIHME, paBHOe 12 wwaram CcelicMOMPUEMHMKOB
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A FEDESSZAM ES A TOBBSZOROS REFLEXIOK
CSILLAPITASANAK KAPCSOLATA KOz0OS
MELYSEGPONTOS OSSZEGEZESNEL

BODOKY TAMAS—POLCZ IVAN

A tobbszoros fedésl kozos mélységpontos rendszereknek a tébbszoros reflexiokat
csillapitd hatdsaval részletesen korabban foglalkoztunk (Bodoky, 1970). Az ott
bemutatott szamitési eljaras segitségével most megvizsgéljuk, hogy a fedésszdmnak
a tobbszoros reflexiok eltavolitdsdban milyen szerepe van? Ennek ismeretében
ugyanis konkrét esetekben el tudjuk donteni, hogy a fedésszdm novelésétdl varhatd
elényok a mérési koltségek ndvekedésével aranyban allnak-e?

Az emlitett cikkben adott 0sszegcsatorna tipus, illetve teritési jrendszer tobb-
szoros Kioltasi hatékonysaganak jellemzésére a tobbszords atengedett és teljes
energiajanak aranyat hasznaljuk. Ezt az aranyt a kdvetkez0 dsszefiiggés irja le:

WA{m)S{co)Ydm

J [fA{co)]2doo

0

ahol @ a csillapitott és a csillapitatlan,
tobbszords energiaaranya,

d a geofontavolsag,

f a fedésszam,

a korfrekvencia,

A (0j) @ tObbszords reflexiok spektruma,

S(co) az osszegcsatorna atviteli fliggvénye;
részletesebben
/

s{(o)=iz: ) eimatx)>
ahol r,(t0,x) az r-edik 6sszegezend6 csatorna maradék idokilépése,
X a geofon-robbantdponti tavolsag.
Szamitasainkhoz ezt az Osszefliggést hasznaljuk fel.

Sebességfliggvényként és spektrumként az emlitett cikkben is hasznalt nyirségi
sebességfliggvényt és spektrumot alkalmazzuk. A szamitasok egyszer(isitése végett
a @ fliggvenyek meghatarozasat nem az egesz to- d sikra végezzik el, hanem t0-1
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2 sec érteknél rogzitjiik. Ez informacidveszteséghez nem vezet, mert a fliggvények
i0-tol kozelitéleg fuggetlenek. (Bodoky, 1970.).

Kiszamitottuk a @ fliggvényeket d filggvényében i0=2 sec-ra, /= 3,/= 4,/= 6
és /=12 fedésszam jmraméterek mellett. A szamitasokat kdzéplovéses rendszerre
(1. &bra), véglovéses rendszerre (2. abra) és egy 12 geofonkdz offset-et alkalmazd
kuls6loveses rendszerre (3. bra) végeztik el. Az eredményil nyert & fiiggvényeket
dB-ben abrazoltuk. Az egyes rendszerek @ fliggvényén a rendre bennilk szerepl6
Osszegcsatorna-tipusok @ fliggvényeinek szamtani atlagat értjuk.

Az abrakat megvizsgalva megallapithatd, hogy a levagas helye és meredeksége
a fedésszamtdl gyakorlatilag fiiggetlen; a fedésszam megkétszerezése a maximalis
csillapitast 3-6 dB-lel javitja, de az optimumzéna, a levagasi meredekségnek meg-
felel6en, a nagyobb geofontavolsagok felé tolddik.

Eredményeinkbdl kovetkezden a tobbszorosok kioltasa a fedésszam novelésével
jelentékenyen javithato, de csak akkor, ha egyéb okok, els6sorban a teriilet zajnivéja
és energiaviszonyai nem akadalyozzak meg, hogy egyuttal a geofontavolségot is novel-
jik. Ha mindenképpen a levagasi szakaszra es6 rovid geofontavolsagokat kell hasz-
nalnunk, a kulonbdzd fedésszdmok hatdsossaga kozt lényeges kiilonbség nincs.
A fedésszamot ilyenkor mas szempontok szerint kell meghatéroznunk.

T. BOOOKA#. NONbL,

CB#A3b CTEMEHM NOAABJ/IEHNA KPATHbBIX OTPAXEHUIM C KPATHOCTbIO
MEPEKPLITUA MNPV CYMMWPOBAHUW MO METOAY OTT

B pa60Te paccMaTpuBaeTCca 3aBUCUMOCTb CTENEHW NoAaBNEHUA KPaTHbIX OTpa)G(EHMVI npn
TpeEX pPas3IMYHbIX CUCTEMAX Ha6/1IO,CI|EHI/II7I OT wara CeVICMOI’IpI/IeMHVIKOB N KPaTHOCTK I'Iep(EKprTI/II‘/'I.

YBennyeHne KpatHoCTu I'IeperbITVIVI npmMeBoAUT K ONTUMasibHOMY MOBbILLIEHUIO CTEMNeHn
nogaBneHna KpaTHbIX OTpa)KeHI/IVI TONbKO Npu OAHOBPEMEHHOM YBENUYEHUN LUara CeVICMOI’IpVI-
E€MHUKOB.
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THE EFFECT OF CHANGES IN WAVEFORM UPON CDP SUMMATION
T. BODOKY™*

Essentially, stacking is a kind of filtering. It filters our random noises and,,
from among regular noises, multiple reflexions.

When using stacking for filtering out multiples, it is generally assumed that the
waveform of multiples is entirely identical on the different channels. This, however,
not always holds, not even as a rough approximation.

In the present paper, all the computations and notations are based on the velo-
city function and system of notations developed in the paper “Filtering effect of
common-depth-point systems and their transfer functions” (Bodoky, 1970).

Computations were carried out for two types of stacking channels : a split-spread
system (1,5, 2,5, 5,5, 6,5, 9,5, 10,5) and an offset-shotpoint system (12, 16, 20, 24,
28, 32). This special choice of stacking channels permits to obtain data, apart from
the parameters investigated, about the role of the offset too.

In order to characterize the multiple transfer of various types of channels to be
stacked, the function @ is introduced. This is the ratio of transmitted, resji. total

multiple energy :

C[A (co)$(w, t0, d)]2dco

0(to,d)= ~ - (1)
j[fA(®)]2do
0
where to =time of recording,
d = seismometer spacing,
@ =circular frequency,
A(co) =spectrum of the arrivals,

S(co,t0,d) =the transfer function of stacking.
f =number of coverages.

The detailed form of the transfer function is given by
S(@>, 10, d) =i2_|_l cieHTit”d )

where ¢, =weight of the r-th channel,
T, =residual moveout of the multiple reflexion arriving on the r-th channel..

Manuscript received: 1, 7, 1971.
* Roland EO6tvds Geophysical Institute, Budapest.
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In the computation of the @& function the assumption on the identical form
of the arrivals appears as their expression with identical weights and identical
spectra. Thus, if we are investigating what kind of transfer variations could arise
from the different forms of arrivals, the variations of the & functions due to devi-
ations in spectra and in weights must be investigated.

Since the o(to,d) functions, in the paper mentioned, are approximately inde-
pendent of w0, i.e. the multiple-transfer of the stacked channel types discussed there
is approximately time-independent it was sufficient to carry out the computations
for a single w0 value, say to—2 Sec.

The first problem is that, if the weights of the channels are not assumed to be
identical, the number of possible cases is infinite; namely an infinite number of
weight series can be ordered to the channels to be stacked. The probability of occur-
rence of a certain weight series is so small that the knowledge of its transfer pro-
perties gives no practically usable information. Therefore a statistic approach was
chosen and instead of dealing with individual weight series, statistical properties
(expected value and standard deviation) of the @ functions were investigated as
function of the scattering of the weight series.

The expected value of channel weights is invariably assumed to be unity. This
ensures, without restricting generality that the denominator on the right-hand side
of Formula (1) remains unchanged. (Namely, the constant/ in the denominator is
the value of the transfer function S(co) for t1=t2= ... =Ty = 0).

If the weights c-are treated as variables, ® will be a function of /+ 1 variables
of the type o(d, ., ..., cj. Hov’ever, in order to get rid of the great number of in-
dependent variables, instead of variables ov ..., cr, their scattering a(c) will be
treated as a single independent variable,

ff2(c) = 3 |2:i (ci~ 12-

Denoting the weight series by Gk (where index K refers to some given series),
the scattering of the series will be denoted by a{Gk). The same a(GK) scattering may
correspond to man}' weight series Ck. Consequently, the expected value and standard
deviation of the ®[a(Ck)} function of a given stacking channel type are for a fixed
0(CK) value and given values (1, d), as follows:

E{®(CK)a=cast} = n—k2: ) D(@K)o=orst ©))

and

const} = I-'I 2 [CD (C &a=const - E{CD(CK)B=const}]2 (4)

where n is the number of all such possible weight series, the scattering of which is
exactly the constant chosen.

The course of the calculations was the following: first the value of ® was cal-
culated, according to relations (1) and (2), for six weight series of identical scattering
fora given place (i0, d), then the values of E(®) and a(®) were determined from the
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@ values obtained, according to Formulae (3) and (4). The six weight series of iden-
tical scattering were selected from the permutations of an arbitrarily chosen series.

In Formulae (3) and (4), n rejrresents the number of all ajopropriate weight series.
In practical calculations, this theoretical requirement is not met, due to the number
and way of generating of the weigth series used; therefore our results are only
approximate.

The calculations were carried out with seven different values of weight scattering,
in function of seismometer spacing (d=10 m sampling interval, from 0 m to
150 m).

The E{®[a{c), d]} function of the split-spread stacking channel type is shown
in Fig. 1, its a{®d[a(c), d\) function in Fig. 2. The same functions for the offset-
shotpoint stacking channel type are shown in Figs. 3 and 4.

50 100 15  d(m)

Fig. 1 The expected value (in dB) of the multiple-attenuation of the stacking
channel type (1,5; 2,5; 5,5; 6,5; 9,5; 10,5) as a function of the scattering of
channel weights [u(c)] and of seismometer spacing (d)
l.abra. Az (1,5; 2,5; 5,5; 6,5; 9,5; 10,5) 6sszegcsatorna tipus tébbszoros reflexio
csillapitdsanak varhato értéke (dB-ben abrazolva) a csatorna sulyok szérasa-
nak ()1 és a geofontavolsagnak (d) a fliggvényében

Puc. 1. 3aBMCMMOCTb 0XMAAEMOI CTeneHU MOAABMEHUN KPaTHbIX OTpaeHwin (B A6) Ans
cymmoTpaccel Trna (1,5; 2,5; 3,5; 6,5; 9,5; 10,5) oT pasbpoca BecoB kaHanoB [CT(C)] u OT
wara celicmonpuemHnkos (d)

0 Geofizikai Kozi. XX. 3—4
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5 T ¢ © 150 d(ml

Fig. 2 The scattering of the multiple-attenuation of the stacking channel type
(1,5; 2,5; 5,5; 6,5; 9,5; 10,5) (in dB) as a function of the scattering of channel
weights [O(C)] and of the seismometer spacing (d)

2. dbra. Az (1,5; 2,5; 5,5; 6,5; 9,5; 10,5)'6sszegcsatorna tipus tobbszdrds reflexid
csillapitasanak szérasa (dB-ben abrazolva) a csatorna stlyok szérasanak [<r(c)] és a
geofontavolsagnak (d) a fliiggvényében

Puc. 2. 3aBncumocTb pasbpoca cTeneHn NofaBreHnst KpaTHbIX OTPaXeHWin (B A6) AN cym-
moTpaccel TMna (1,5; 2,5; 5,5; 6,5; 9,5; 10,5) oT pa3bpoca BecoB KaHanoB [CT(C>] U OT wara
ceiicmonpuemHnkos (d)

The investigations concerning weight scattering were carried out also for the
scattering of the spectra of multiples to be stacked.

Under expected value and scattering of spectra, the expected value and scat-
tering of the peak-frequency almx of the spectra will be understood. For simplicity’s
and unambiguity’s sake it was agreed upon that the spectra can be of a Ricker-
wavelet spectrum form only. This type of spectrum is described by

5 ©

where p =nanmax.
In order to make a comparison with the results of the paper used as initial
material possible, the value of E(amex) was chosen for 30 cps.
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Fig. 3 The expected value of the multiple-attenuation of the stacking channel type
(12, 16, 20, 24, 28, 32) (in dB) as a function of the scattering of channel weights [a(c)]
and of the seismometer spacing (d)

3. abra. A (12; 16; 20; 24; 28; 32) dsszegcsatorna tipus tobbszords reflexid csillapitasanak
varhatd értéke (dB-ben abrdzolva) a csatorna sulyok szorasanak [rT(c)] és a geofontavol-
sagnak (d) a fuggvényében

Puc. 3. 3aBMCMMOCTb OXMW[JAEMOIA CTeneHU MOAABNEHWUS KpaTHbIX OTpaxkeHuid (B 46) Ans cymmo-
Tpaccbl Trna (12, 16, 20, 24, 28, 32) oT pa3bpoca BecoB KaHanoB [a(c)] n OT wara ceiicMonpuem-
HukoB (d)

Starting out again from Formula (1), A(c0) occurs both in the numerator and
denominator of the right-hand side. As previously, instead of A(co), E{A(ce)} will
be written in the denominator. In the numerator, the product [A(w)s (0)\ can be
written, after some rearrangements:

[E(co)*(0)]=| 4 einj A(co)eIm™.

(The weights c-are taken as of unit value).

6*



84 T. Bodoky

t (sec)

Fig. 4 The scattering of the multiple-attenuation of the stacking channel type (12, 16.
20, 24, 28, 32) (in dB) as a function of the scattering of channel weights [cr(c)] and of seis-
mometer spacing (d)

4. abra. A (12; 16; 20; 24; 28; 32) dsszegcsatorna tipus tobbszoros reflexié csillapitasanak
szOrasa (dB-ben abrazolva) a csatgrpa sulyok szorasanak [o(c)] és a geofontavolsagnak
05] a fuggvényében

Puc. 4. 3aBucMMOCTb pa3bpoca CTeneHn NoAaBeHNs KpaTHbIX OTpaxkeHuid (B 46) Ana cymmoTpac-
cbl Tuna (12, 16, 20, 24, 28, 32) oT pa3bpoca Beca kaHanoB [cr(c>] v oT wara celicmonpmeMHuKoB (d)

Since it is assumed now that the arrivals have different spectra, also these
spectra must be indexed. Thus, the right-hand side of (1) will be

I’ 2 _Ai(co)e),n* dco

JFE{A (m)}Yda>
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Accordingly, ® will be, on a given place (to,d) a function of the form ®[A1{w),
A2), ..., Af(co)]. Let also here possible spectrum series A*co), A2((0), ..., Aj (oj)
denoted by Ak, and their scattering by a{Ak). The same scattering can belong to an
infinite number of spectrum series Ah, therefore the functions

L||CD(AK)a: const} = | E_ 0 (Ak)a: const (6)

n 1
and

<T-{® (A n)a=con54} = — [$ (A foo=cOnst — const}]2 )

n k=1

can be calculated, at a given place (tn, d) for a given type of channels to be
stacked.

~ The calculations and generating spectrum series of identical scattering take
jdaee in the same way as in the case of weight series.

As the result of calculations, the E{®[a(A), <} function calculated for the
split-spread stacking channel type is shown by Kg. 5. —the <t{®a(A), dJ} function

Fig. 5 The expected value of the multiple-attenuation ofthe stacking chan-
nel type (1,5; 2,5; 5,5; 6,5; 9,5; 10,5) (in dB) as a function of the scattering
of channel spectra [cr(«max)] and of seismometer spacing (d)

5. abra. Az (1,5; 2,5; 5,5; 6,5; 9,5; 10,5) dsszegcsatorna tipus tobbszoros reflexio
csillapitasanak varhato értéke (dB-ben abrazolva) a csatorna spektrumok széra-
sanak [a(Urnax)] és a geofontavolsagnak (d) a fliggvényében

Puc. 5. 3aBNCMMOCTb 0XKMAAEMOiA CTENEHN NOAABNEHNA KPaTHbIX OTPaXeHWd (B A6) ans
cymmoTtpaccel Tvna (1,5; 2,5; 5,5; 6,5; 9,5; 10,5) oT pasbpoca cnekTpoB KaHanos [u(flmax)]
1 OT Wwara ceiicMonpremMmHuKoB (d)
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e scattering of the multiple-attenuation of the stacking channel type
,5; 5,5; 6,6; 9,5; 10,5) as a function of the scattering of channel spectra
[n(cfmax)] an(l of seismometer spacing (d)

6. abra. Az (1,5; 2,5; 5,5; 6,5; 9,5; 10,5) dsszegcsatorna tipus tobbszords reflexio
csillapitasdnak szérasa (dB-ben abrazolva) a csatorna spektrumok szoérasanak
[u(«max)] és a geofontadvolsagnak (d) a fliggvényében
Puc. 6. 3aBncumocTb pas3bpoca CTeneHn NOAABMEHUS KpaTHbIX OTpaxkeHuii (B 46) ANnA cym-
moTpaccel Tvna (1,5; 2,5; 5,5; 6,5; 9,5; 10,5) oT pa3bpoca cnekTpoB kaHanos [n(nTax)] n oT
Wwara ceiicmonpuemHukos (d)

Fig. 6
(1,5; 2

by Fig. 6. The same functions calculated for the offset-shotpoint spread system
are illustrated by Figs. 7 and 8.

Examining the resulting eight figures, following conclusions can be drawn;

— The expected value of multiple-attenuating of stacked channels decrease
slowly, practically insignificantly in case of an increasing scattering of the
weights, resp. spectra of the channels, the place of maximum extinction
being, however, independent of these quantities.

— The scattering of the multiple-attenuation of stacked channels is practically
insignificant, slightly growing with increasing scattering of weights, resp.
spectra of the arrivals to be stacked.

All in all, the multiple-attenuating effect of stacking is practically insensible
even against comparatively coarse form-variations of multiple reflexions.
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tjsec)

Fig. 7 The expected value of the multiple-

attenuation of the stacking channel type

(12, 16, 20, 24, 28, 32) (in dB) as a function

ofthe scattering of channel spectra [u(«max)]
and of seismometer spacing (d)

7. abra. A (12; 16; 20; 24; 28; 32) 0sszeg-
csatorna tipus tobbszords reflexio csillapita-
sanak varhaté értéke (dB-ben abrazolva)
a csatorna spektrumok szérasanak [<7(atax)]
és a geofontavolsagnak (d) a fiiggvényében

Puc. 7. 3aBMCMMOCTb 0XUAAaeMoli BENNYMHBI NO-
[laBNeHns KpaTHbIX OTpaxeHuin (B A6) Ans cym-
moTpacchl Trna (12, 16, 20, 24, 28, 32) oT pa36-
poca cnekTpoB KaHanoB [o(aTax)] u OT wara
ceiicMonpremMHUKoB (<7)

87
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tc(sec)

Fig. 8 The scattering ofthe multiple-attenu-

ation of the stacking channel type (12; 16;

20; 24; 28; 32) (in dB) as a function of the

scattering of channel spectra [cr(allax)] and
of seismometer spacing (d)

S. abra. A (12; 16; 20; 24; 28; 32) 0sszeg-
csatorna tipus tobbszords reflexio csillapita-
sanak szorasa (dB-ben abrazolva) a csatorna
spektrumok szorasanak [ff(amx)] és a geo-
fontavolsagnak (d) a fuggvényében

Puc. 8. 3aBucumocTb pasbpoca CTeneHW mopas-

NEeHnst KpaTHbIX OTpaxkeHwi (B 46) Ans Cymmo-

Tpacchl Tuna (12,16, 20, 24, 28, 32) oT pa3bpoca

CrneKTpoB KaHanoB [(7(bmex)] n OT wara ceincmo-
np1meMHUKoB (d)
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BODOKY TAMAS

A BEERKEZESEK ALAKVALTOZASAINAK HATASA
A KOzOS MELYSEGPONTOS OSSZEGEZESNEL

A tanulmanyban a szerz6 kiszamitja — a szamitasokat két dsszegcsatorna tipusra
végezte el — a kodzds meélységpontos 0Osszegezés tobbszords csillapitasanak varhaté
értékét és szorasat az 0sszegezendd tobbszords beérkezések amplitidoszérasanak filigg-
vényében. Ugyanezt a vizsgalatot a tobbszords beérkezések csucsfrekvencia-szorasanak
}‘Uggvéfnlyében is elvégzi, a spektrumokat Ricker-féle wavelet spektrum alakinak téte-
ezve fel.

A szamitasok eredményeként a kdvetkez6 megallapitasokat teszi:

1. az 6sszegcsatomak tdbbszdrds csillapitasanak varhato értéke lassan, gyakorlati
szempontbdl jelentéktelen mértékben csékken a csatornak sulyainak, illetve spektrumai-
nak ndvekv6 szorasainal; a maximalis kioltds helye azonban fliggetlen ezen mennyisé-
gektdl.

2. Az 0sszegcsatomak tobbszords csillapitasanak szorasa az 6sszegezendd beérkezések
stlyainak, illetve spektrumainak névekvd szorasanal gyakorlati szempontb6l csak enyhén
novekszik.

T. BOAOKU

BAVNAHNE N3MEHEHWNI ®OPMbl 3AMMNCAHHbLIX KOMEBAHUI
nPn CYMMWMPOBAHWW MO METOAY OIT

B pa6oTe BbIUMCNAIOTCA OXWAAEMble CTEMeHb M Pa3bpoc NoAaBNeHUs KPaTHbIX OTPAKEHWIA,
npu CyMMUpoBaHWM no MeTogy OFT ans AByX TWMOB CyMMOTPAacC B 3aBMCMMOCTM OT pasGpoca
aMnNANTY[ CyMMUPYEMbIX KPATHbIX OTPaeHMIA. MoAo6HbIN aHanu3 NpoBoAUTCS U B 3aBUCMMOCTM
0T pa36poca MakCMMasbHOM YacToTbl KPaTHbIX OTPAXEHWIA, MpuyYeM NpeanonaraeTcs, YTo CneKTpbi
MMeIOT (hOpMy CMEeKTPOB BOMH Pukepa.

B pesy/nbTaTe MPOBEAEHHbLIX BbIUACNEHUIA [AeNaoTca cheayrolue BbliBoabl:

1. Oxwupaemas CTeneHb MOAABMEHNS KPaTHbIX OTPAKEHMI Ha CyMMOTpaccax CHUXKaeTcs
MeANeHHO, B MPaKTUUYECKU HE3HAUMTeNbHOW Mepe C yBe/MueHWeM pa3bpoca BEcoB U CMEKTPOB
KaHanos. OfHaKo, MeCTO MaKCMMa/bHOTO MOAABMEHUS KPATHbIX BOMH He 3aBUCUT OT 3TUX BE/INUMH,

2. Pasbpoc cTerneHy MofgaBneHust KPaTHbIX OTPAKEHMIA Ha CYMMOTpaccax YBenMuMBaeTcs
B MPaKTUYeCKN He3HaUNTeNbHOW Mepe C yBeNnueHueM pa3Gpoca BeCOB W CMEKTPOB CyMMMUpPYeMbiX,
BOJIH.
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AN ANALYSIS OF THE PROPAGATION OF SOLND WAFFS IN FOEOES
MEDIA BY MEANS OF THE MONTE CARLO METHOD

G. KORVIN-I. LUX*

Introduction

In the last two decades an abundant literature has been published on the deter-
mination of sound velocity in porous media. The problem has heen tackled both
from theoretical and experimental side. The discrepancies which appear between
theoretical considerations are mainly due to the difference in the number of para-
meters and the assumptions about the physical mechanism involved. As for ex-
perimental findings, their range of validity and accuracy depend on the experimental
conditions and techniques. Extensive investigations have been reported on sound
velocity measurements in marine sediments (Shumway 1960, Nafe and Deake 1957).
Among the empirical formulae proposed the most simple is that of wyitie-
Geegory-G aednee (Wyllie €t ah, 1956) which has found Wide'Spread application
in applied geophysics. According to this formula:

1_o 1-0
vZ~TiHH+~vN’

where Vavis average sound velocity in the porous medium, Vfi and Vi are velocities
in the fluid and solid phase, respectively, and @ denotes porosity. The physical
meaning of this formula is that acoustic waves spend @ per cent of the whole travel
time in fluid, i.e. the waves propagate along a straight line in a porous medium. This
assumption however, fails to take into account the basic principle of wave pro-
pagation, viz. that a wave always choose the path of the shortest travel-time be-
tween two given points (Fermat’s principle), which is, in our case, not necessarily a
straight line.

The aim of the present paper is to try to find a modification of Wyllie’s formula
which would obey Fermat’s principle. The hypothesis that Fermat’s principle he
applicable for waves with wave length larger than the characteristic size of the in-
homogeneities of the medium had been already put forward by wyriie et al.

(1958).

Manuscript received: 30, 9, 1971.
* Roland Edtvds Geophysical Institute, Budapest.
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The method

The problem was analysed in a two-dimensional approximation with a Monte
Carlo simulation method. Random models of porous media, of a given area and
predetermined porosity, were generated by computer and the path requiring the
shortest time was searched by means of Ford’s algorithm (cf. e.g. Kaufman, 1968).
For a given velocity ratio 8 different porosity values were taken and for each porosity
50 models were computed. After this an explicite functional relationship best de-
scribing the experimental results has been established.

A straightforward approximation of g>orous media can be obtained if one con-
siders a hexagonal lattice where each single hexagon is randomly filled with solid
or fluid phase. In this model the wave can “move” from the centre of a hexagon
to the centre of some neighbouring one and so, if a starting and a terminal point
are given, the average velocity can be obtained by dividing the distance of these
points by the time required to pass along the shortest broken line connecting them.
A serious drawback of this method is that it allows the waves to propagate only in six
directions (while, in reality, no such restriction exists).

\

a 5/5 2/5

Fig. 1 a—a square and its “neighbours”; 6—a portion of
the graph corresponding to a (fictitious time scale, v—1/2)
1. &ra. a — egy négyzet ,szomszédai”; b — az ee-nak
megfeleld graf részlete (fiktiv idéskala, n= 1/2)

Pvc. 1. @) kBagpar ¢ <m@w>; L) vacTb rpaga, COOTBeTCTB]}/IO-
a 2)

LLErO KBaApary Ha e, KTVIBHaS! LLIKA/Ia BREMEHN —V/=

In the present investigations we have adopted the more realistic square lattice
approximation, where from each element the wave can continue its path in 16
directions (see Fig. la). Since the wave is imagined as propagating from centre to
centre, it is enough to represent squares by their centres. Let us connect each centre
by the 16 adjacent ones (i.e. with those points where the wave can “move in one
step”). So, we obtain a configuration—a so-called graph—consisting of points and
lines. Points are called vertices and the lines connecting them edges in the usual
terminology of'the theory of graphs. We attach to each edge the transit time necess-
ary for the wave to make the distance between the points, and this value will be
called the length of the edge. A portion of the graph corresponding to Fig. la is
shown in Fig. Ib.
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In order to construct porous media we generated uniformly distributed random
numbers between 0 and 1 and the individual squares of the lattice were filled with
fluid or solid phase according to whether the generated number had been less or
greater than the porosity given. The generation of random numbers was performed

with the method described by Adams and
Denman (1966)

Each model consisted of 15X30 squares;
for starting and terminal points of the path the
two end-points of the longer axis of symmetry
were taken (Fig. 2).

All computations reported in this paper
were performed on the MINSK-32 computer
of the ELGI.

Theoretical considerations

Let us denote the quotient —*- by v and be

sol

\Va=~, L =G, ®).

We shall be concerned in this paper in the
determination of the explicite form of the func-
tion G(v, ®). It will be required that function
G{v, @) should satisfy the following condi-
tions:

1L v, 0)=v  when no fluid-phase is
present, va=i i.e. vav=Fgy

G(v, =1 — in the absence of solid
medium va—, i.e. Var=1Yy,
301, #)=1 - e if Vg Vfi then
1o~ Ysor= T1i

4. rrsGsil —i.e. the average velocity lies
between the velocities of the two phases.

Fig. 2 A model with the corres-
ponding shortest path (®=0,3)

2. abra. Egy modell és a hozza
tartozd legrovidebb ut (®=0,3)

Puc. 2. Mogenb ¢ COOTBETCTBYIOL UM
KpaTtyanwum nytem (¢ =0,3)

It must be noted that inequality 4 is violated for large (®a 60%) porosi-
ties. In this case, namely, the sound velocity in the fluid-saturated medium
may be less than in the fluid (Hamilton 1950, Shumway 1960, Officer 1958)
Our results, therefore, will only apply for porosities less than 60 per cent but,
of course, this covers the range most frequently encountered in geophysical prac-

tice.

An inherent approximation of the model is that material properties i.e. densitjp
compressibility etc. of the individual phases are not taken into account.
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The function Glv, ®) will be sought for in the following form:

_F(v, ®)o+r(1-0)
G D=y, 0)o+(1-0) °

where F{v, @) is some, for the time being unspecified, function. This functional
form automatically satisfies conditions 1-4. For the special choice F(v, ®)=1we
receive back Wyllie’s formula, since in this case

P+r(1-9) _ VL
qu q)) q)+1_q) _CD+V50I (1_q))1
1 ® 1-P

i.e. )
VZ~V,i+~y/r~'

Fig. 3 Experimental values of function F(v, @) with the fitting
straight lines. Each points plotted is the average of ten experi-
ments

3. dbra. Az F(v, @) fliiggvény értékei az illeszkedd egyenesekkel. Min-
den feltlintetett pont tiz kisérlet atlaga

Puc. 3. BennumHbl ¢yHKUMmM F(v, ®) ¢ COOTBETCTBYHOLWMMMN NpsMbIMU. Kax-
[las ToYKa NpeAcTaBnsAeT co60i CpefHIO BeNMUMHY pe3ynbTatoB 10 Bbluumc-
NeHni
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Results

The experiments were performed with r=0,66; 0,5; 0,4; 0,33; 0,25, for each
velocity ratio the porosity changed from 0,1 to 0,8 in 0,1 steps. For any single pair
(V @) 50 different models were generated.

The calculated values of the function F(v, ®) are plotted in Fig. 3, where each
point represents the average of 10 models. The values obtained are, for a given v,
in a linear relationship with porosity, i.e.

F(v, ®) ba(r)-d +b(v).

Fitting was performed according to the least mean square criterion. The slopes
a(v) and constant terms b(v) figuring in the equation of the straight lines are shown
in Fig. 4a and 4b, respectively. The slope of the straight lines is approximately
constant
a(v) %0,22

while the term b(v) appears to have an exponential form:
b(v)*B(eb'-I).

It is, of course, possible, that the constant 0,22 and the parameters of the above
exponential form of function b(V) are not of universal validity but they are in connec-
tion with the special symmetries and size of the applied lattice model

Fig. 4 a—the slope of the straight line F(v, ®); b—the constant term of the straight
line F(v, @)

4. dbra. a — az F(v, ®)egyenes irdnytangense ; b — az F(v, ®) egyenes tengelymetszete
Puc. 4. a) YrnoBoii koaghduumeHT npsmoi F(v, ®); a) OceBoe ceyeHne npsmoin F(v, @)

Qlv
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Further possibilities of the method

In the computations reported, the effect of reflections and attenuation was
not taken into account. Consequently, in actual measurements the arrival time of the
first (recorded) pulse would not necessarily agree with the computed value, it will
be greater. It was also neglected that the initial wave-form is not a spike and its
shape can change during propagation due to the above-mentioned factors. The
method of finding the shortest path can be improved so that it should yield the
incident energy as well, by decreasing the energy at each phase-boundary according
to the reflection coefficient and taking geometrical scattering into account. This
version of the method may be useful for a Monte Carlo investigation of the occurrence
of phase-skippings in sonic logging.

A further possibility is to extend the model to three dimensions. The method
can be also adapted to the case of a medium consisting of many components, where
the validity of the time-average equation is also taken for granted (Tegtand, 1970).
By an appropriate modification of the Monte Carlo method, in the generation of
porous media, besides porosity, also the grain size distribution can be taken into
account.

Summary

We have been concerned with the determination of the average velocity of
sound waves propagating in porous media. Two-dimensional random models of
porous media were generated by computer and the shortest path of acoustic waves
between two given points was determined by means of Ford’s algorithm. As a result
of our experiments we obtained the following formula:

where Ve = average velocity in the porous medium,
VAl =velocity in the fluid phase,
Vo  =velocity in the solid phase.

b —is the exponential function illustrated in Figure 4b.



.. .propagation of sound waves in porous media. .. 97

Appendix: Ford’s algorithm for finding the shortest path of a grapli

Suppose that we are given a connected graph*, to each edge of which there
corresponds some positive distance value. Let the distance of disconnected vertices
be +o0. Let us denote the starting point of the path by x0, its terminal point by S,
and let the other vertices be, in an arbitrary order, xv x2 x3, ..., xk.

We are going to attach a so-called potential value to each vertex, i.e. some value
li(Xj) to vertex x,. The potential will be initially zero, while at the end of the algorithm
it will be equal to the minimum distance from xo of the vertices in question.

In each step of the algorithm the graph will be split into two parts, let the sub-
graphs be denoted by A and B, respectively. Subgraph A will consist of those vertices
whose minimum distance from X0had been already determined, and B of those for
which this had not been done, i.e. whose potentials are not yet equal to the minimum
distance. In the first step**

XEA, {xy,x2,x3, ..., Xk, S)£B.

In course of the procedure subgraph A will be extended by elements from B
until S itself is included in A. The extension of A with one more vertex is done as
follows: let, in general,

Xg, Xfj, ..., xnm, CA,

XX, XB, ..., xv... £B
and denote the distance of vetices xn xvby tnv. Let us form now the value
Snv ~ [MXFf) -f- Xnv
for each pair of vetices xnC A xvE B and seek the value

Em,=min em.

n,v

The corresponding vertex xu will be inserted into subgraph A and its potential will
be em,. We have to show that the potential of any vertex in A will give the length
of the shortest path connecting the given vertex with x0.

Let the number of vertices belonging to A be I. If1—1, then A = $i0and p(x0)=0
for which the statement holds. Assume now, that

A =50, Xy, X2, ..., Xy}

and suppose the validity of the statement for these vertices. We proceed to show
that the potential of the point x;l which results according to the rules of the al-
gorithm will also equal the length of the minimal path. Indeed,

AMxu)=u(xm)+Tm,=min (y(xn)+rn) xneA, x,,CB.

* As to the basic principles and terminology of grapli theory we refer to the monographs of Kaufman

(1968) or Berge (1957).
** The notation XC.A, frequently used in set-theory, means that X belongs to set A.

7 Geofizikai Ko6zi. XX. 3—4



98 G. Korvin—I. Lux

Since, by the induction hypothesis 4 (xn) is the length of the shortest path from
x0t0 xn, 0.4xn) + Trvwill be the length of some path from xvthrough xn to xo. The value

min (i-i(x,) + xm)

is the length of a path which starts from a vertex in B, goes through xn and terminates
in xo. Taking now the minimum in » we obtain the distance from xo to the nearest
j>oint in B, which was to be proved. The algorithm is finished as soon as vertex

S gets incorporated to A.
There remains the problem how to determine the path itself. Let us choose

vertex X for which
ii(S) - n(xj) =rt

(it is possible, of course, that more than one such vertices exist which means that
there are many, equally optimal paths), then xt will |irecede S in the shortest path;
we repeat then this procedure for xt instead of S and obtain the next vertex etc.,

until xo will be reached.
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HANGHULLAMOK TERJEDESENEK VIZSGALATA
POROZUS KOZEGBEN MONTE CARLO MODSZERREL

KORVIN GABOR—LUX IVAN

A dolgozatban a porozus kdzegben terjedd akusztikus hullam atlagsebességének a
porozitastol val6 fliggését vizsgaltuk. Feltételeztiik, hogy a hulldamhossznal joval kisebb
inhomogenitasok esetére is alkalmazhaté Fermat-elve, vagyis a hulldam a porozus kozeg
két pontja k6zott mindig a legrovidebb id6t kdvetel§ utat valasztja.

A porbézus kozeg egy adott részét négyzetraccsal kozelitettiik, amelyet Monte Carlo
maodszerrel véletlen mddon toltottink ki — a porozitasnak megfelel6éen —folyadék, ill.
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szilard fazissal. A kapott modellben azutan az operaciokutatasbol ismert Ford-algorit-
mussal hataroztuk meg a legrévidebb utat. A két fazis sebességaranyanak 0,66; 0,5;
0,4; 0,33; 0,25 értékeire szamitottunk modelleket a ®=0,1; 0,2; ...; 0,8 porozitas-
értékekre. Minden sebességaranyra és porozitasértékre 50—50 modellt generaltunk és az
atlagsebesség valtozasanak statisztikus viselkedését a sebességarany és a porozitas fligg-
vényében hataroztuk meg. A szamitasokat MINSZK—32 szamitogépen végeztik. A kisér-
letek eredményeképpen a kovetkez6 formulahoz jutottunk;

024y, 1-® 4
ahol Va a kozegre vonatkozo6 atlagsebesség
Vf a folyadékfazisra vonatkozd atlagsebesség

V& a szilard fazisra vonatkozé atlagsebesség
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AHANN3 PACMPOCTPAHEHWSA 3BYKOBbIX BOJIH B MOPUCTOMN
CPEAE MO METOAY MOHTE KAPJ1O

. KOPBH—WN. JTYKC
MocTaHOBKa Mpo6siembl

3a nocnefHee fecATuNeTVe B psje paboT paccmaTpuBanach 3ajaya onpegene-
HWS CKOPOCTWM pacrnpocTpaHeHs aKyCTUYECKMX BOSIH B MOPUCTbIX cpefax. PelueHue
3a/laun annpoKCUMMPOBA/IOCh KaK C TEOPETUYECKOM, TaK M C 3KCMePUMEHTabHOM
CTOPOHbI. PacxoxieHMs MOoNyYeHHbIX TEOpPeTUYECKMX pe3ynbTaToB Bbi3BaHbl pas-
NINYMEM YUTEHHbIX NapameTpoB U JOMYLLEHHbIX PUNYECKMX MEXaHU3MOB (Offices,
1958; [MeTkeBU4Y—Bepbuuknin, 1970). O6nacTb [eNCTBUSA pe3yNbTaToB, MOYYEH-
HbIX 3KCNepYMeHTa/IbHbIM MyTeM, OMpPeAenstTCca YCN0BUAMU NPOBEAEHUSA 3KCrepu-
MeHTOB. Bonbloii 06beM 3KCMEPUMEHTOB 6bla1 NPOBeAeH NS ONpefesieHUs CKo-
poCTeil BO/IH B MOPCKMX 0cafkax. (Shumway, 1960, Nafe u Drake, 1957.) Hau-
6onee NpocToe Mo (hOpMe BbIPAKEHME, MONYYEHHOE MO 3KCMepuUMeHTaMm, Mpeasio-
YKEHO AVy I lie—Gregory— Gardner (Wyllie n Ap., 1956). [pn BbI4MCEHUAX YalLle
BCEro NPUMEHSIETCA WUMEHHO 3Ta dopMmyna:

1 @
Vep-

roe Voo — cpefHAS CKOPOCTb B MOpuUcTOl cpefe, Y>Ku VT — cKopocTu B cpefe
XuiKoli n TBepfoW (hasbl, COOTBETCTBEHHO M @ — nopucTocTb. DopMysa Bblpaxa-
eT, 4YTO B MOPWCTOW Ccpefle aKycTMUecKasi BO/IHA NMPoBOAUT D% OT BCEro BpPeMEHU
CBOero npobera B XXWAKOCTWU, YTO OAHO3HAYHO C TeM, YTO B MOPUCTON cpefe OHa
TaKXe pacrnpocTpaHsieTcs NpsMoNnHenHo. OfHaKo, 3TO AOMYLLIEHWE He YUUTbIBaeT
OCHOBHOI0 3aKOHa pacnpocTpaHeHWs1 BOJH, MO KOTOPOMY MEXAy ABYMSi N06bIMU
TOYKamMy BOSIHA MpoberaeT Mo MyTW, TpebyloLleMy HaMMeHbLUEro BpeMeHU (MpPuWH-
umn depmata), a B HalleM C/lyvae 3TO He 06513aTe/IbHO MpsiIMas JINHUS.

Llenb Haweil paboTbl CBOAUTCA K BUAOU3MEHEHUIO (hopMyfbl Bunam ¢ Takum
pacyeToM, 4YTO6bl OHa yaoBneTBOpMaa MU NpuHUMny depmata. [mMnoTesa 0 BO3IMOX-
HOCTM MPMMEHEHUS MpW MOPUCTON cpefe MNpuHUMna depmaTa ANS BOJH, AUHA
KOTOPbIX MPEBOCXOAMT XapaKTepHble pasmMepbl HEOAHOPOAHOCTElM, 6blna npenso-
XeHa Wyllie n gp. (1958).
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MeTof, NPUMEHSIBLUMIACA 15 PeLueHUst npobiemMbl

MocTaBneHHas Nnpobnema aHaAM3MpoBasiacb C UCMO/b30BaHWEM MeToga MoHTe
Kapno, B gByMepHOM npubavkeHnn. Mpu nomowin 3BM 6bina co3gaHa nopucTas
MOf€eNb C 3afaHHbIMU MOBEPXHOCTbIO U MOPUCTOCTBIO M C C/y4YaiHbIM pacnpeje-
neHvem. MyTb Mexay ABYMS TouKamu, TpeOyrloLwMiA HaMMeHbLLEro BPeMeHU ANns
npobera, Haxogwusacs npuv nomouwim anroputMa dopga (cm. Hanp. Kaufmann,
1968). Mop MOpPMCTOCTLIO MoApasyMeBaeTcs MPONOpUUS MOBEPXHOCTM >KULKOCTM
Ha 3afjaHHOM MNMOCKOCTW. BbluMcneHUs MpoBOAMAINCL ANS KaXKAOro CKOPOCTHOrO
COOTHOLLEHUSA C 8 BENUUMHAMM MOPUCTOCTU Ha 50 mogdensix Kaxgoe. [N nonydeH-
HbIX TakMm 06pa3om pe3ynbTaToB BbIGUpanucb Hambonee noaxoasiime (opmbi
ABHbIX (QYHKUWMIA.

B nepBoM NpubnvMXeHWM 3aflaHHas M0CKOCTb pab3vBanachk rekcaroHasbHol
PELLETKOM Ha LIEeCTUYroNbHUKN, KOTOPble 3amo/HANUCE CAyYaiiHO >XUAKOCTHON Wn
TBepgon asoi. MNMpegnonaranocb, YTO M3 LEHTPaA LLUECTMYFO/IbHMKA BOSTHA MOXET
nepeiTN MO NPSAMON AIMHUN K LEHTPY COCEeLHEr0 LUECTMYro/IbHUKA; NpU 3TOM cpej-
HSI1 CKOPOCTb MONyYaeTcs NyTem [AefleHUs] PacCTOSHUS MeXAy ABYMS TOUKaMu Ha
BpemMsl, Heobxogumoe ansA npobera AOMaHOW JIMHWW, COEAVHSIOLLEN 3afaHHble
TakMM 06pa3oM HayaslbHYH0O U KOHEeYHyH TOuKW. HegocTaTok 3TOl mogenu 3a-
K/II0YaeTCA B TOM, YTO M3 OAHOM TOYKM BOSIHA MOXET PacnpoCTPaHATbLCHA TO/IbKO
B LLIECTM HanpaBneHusX (B TO BPeMSI Kak B AeiCTBUTENIbHOCTU, CamMo C060li pasyme-
€TCs, 3TO HanpaB/eHNE MOXET ObITb /106bLIM).

Bo BTOpPOM NpubamkeHMM MNofgobHbIM 06pa3oM MpMMeHsNacb KBagpaTHas pe-
LUeTKa, U3 3/1EMEHTOB KOTOPOI BO/IHA MOXET pacnpocTpaHATbCa no 16 Hanpasie-
HUAM, Kak 3TO MOKasaHO Ha puc. Ya. [MockonbKy mMpeanonaraeTcs, 4To BO/HA
pacnpocTpaHseTcss OT LeHTpa A0 LEeHTpa, YeTbIPEXYFO/IbHUKU MOryT ObITb Mpea-
CTaB/ieHbl UX LeHTpaMn. CBSIXKEM KaXKAbI LEHTP C COCEAHUMU C HUM 16 OCTas/IbHbIMMU
(B KOTOpble BOMHA MOCTYNaeT «OAHMM LIarom»). Takmm 06pas3om nosy4daeTcs Tak
HasbIB. rpaf, COCTOSALMA U3 NMYHKTOB M NpPsAMbIX. [psMble, CBA3bIBAKOLLNE TOYKU
rpacga HasblBalOTCSl MO MPUHSTON TepMMHONOrMK ayramm rpaga. K Kaxgoi ayre
npuypaymBaeTcsl BpemMsl, HeobXxoaumoe Ans npobera BOSIHOW PacCTOSIHUS MeXAy
[ABYMSl TOYKaMW W 3TO Has3blBaeTCA A/IMHOW AYrM WKW PaccTOSIHUEM MEXAY [ABYMS
nyHkTamu. B 3Tom rpade npeacTouT onpeaennTb CEpUI0 Hambonee KOPOTKMX Ayr,
CBSI3bIBAKOLMX Haya/lbHYHO TOYKY C KOHe4yHol. YacTb rpacha, COOTBETCTBYHLLEr0O
puc. |/a nokasaHa Ha puc. 1/6.

MopucTas cpefa MUMUTMpPOBaNacb NyTeM CnyyaiiHoli reHepaumm (C paBHOMEPHbIM
pacnpegeneHnem) uyucen ot 0 Ao 1, NnpuyeM OTAeflbHble 3/1EMEHTbI 3amno/HANNCH
XXUAKOCTbIO UM TBepAoin (asoii B 3aBMCMMOCTW OT TOr0, YTO YKasaHHble 4ucna
0Ka3blBalTCA MEHbLUMMWU N 60/bLUMMW MO CPAaBHEHWKO C BE/IMYMHOMA MOPUCTOCTU.
MeHepaums cnyvaliHbIX 4mcen NpoBoAMaacb MeTOAOM, WCMO/b30BaBLUMMCS aBTO-
pamun Adams u Denman (1966).

Kaxpaa mogenb coctosna n3 15x30 kKBagpaToB, NpUyemM B KauyeCcTBe Hayaslb-
HOM M KOHEYHOI TOYeK BOMIHbI BblGMPaINUCh ABe KOHeuYHble TOUKW 6osiee ASIMHHOMN
ocn cnmmeTpun. MofobHast mogenb MoKasaHa Ha puc. 2. Bce BbIMMCIEHUSA NPOBO-

annuce Ha 9BM MuHCK-32 NHCTUTyTA.
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TeopeTuueckue cooGpaXkeHNs

MpumeHUm 0603HauveHne v Ana OTHOLEHUA

nyctb 6yger
vep=" - =G(v,0).

ycp

Llenbto Haweli paboTbl SABASETCA onpegeneHne sBHOM (opmbl pyHKUMM G(iP).
K ¢yHkuumn G(v, P) npeabasnsieTca TpeboBaHWe YAOBMETBOPUTL C/EAYHOLLUM
YCNOBUSIM:

1 G(v,0)=v T. €. NPW OTCYTCTBMM XUAKON (hasbl Vp—V
T. €. Vop=VT
2. Gv, =1 T. €. NpY OTCYTCTBMM Cpedbl TBepaon ¢asbl vp—\
T. e. V=W
3. G6(L9)=1 ecnn VT =YK, 10 Vop=VT—YK
4. 1 CPefHSAs CKOPOCTb MPUXOAUTCA MEXAY CKOPOCTAMMW, Xa-

paKTepHbIMU ANst ABYX (has.

HepaBeHCTBO 4 Ha MPaKTUKe He BbIMO/HSIETCS MPU BbICOKUX BeIMUMHAX MO-
pucTocTn (P a:60%). B aTom cnyuyae (Hamilton, 1956; Shtxmway 1960; Officer,
—1958) CKOPOCTb pacrnpocTpaHeHWsi 3BYKOBOW BOJSIHbI B MOPOAAX, HACbILEHHbIX
XMUAKOCTbIO, MOXET 6bITb 60/1ee HU3KOW M0 CPABHEHMIO CO CKOPOCTbIO B XXWAKOCTU.
MonyyeHHble HamMuK pPe3ynbTaTbl MOTYT WCMO/Ib30BATLCH MPUMEHUTENIbHO K Ben-
yMHam nopuctocTn @ <60%, T. €. OHU O0XBaTbIBAOT BeCb MHTEPECHbI ana reodu-
3MKW [ManasoH BenuuuH nopuctocTu. (MocKonbKy npeanonaranack NpUypoueH-
HOCTb OTAENbHbIX (ha3 K onpeaeneHHbIM MecTaM — UTO He MOXET 6biTb felicTBU-
TeNbHLIM A8 YacTuL, MMaBaloWMX B XWAKOCTU — Mpeanaraemasl Mofeflb He Mo-
XET MPUMeHATbCS NS cnydaeB P«J1.)

[oMoNHNUTEeNbHOE OrpaHMyUeHMe 3aK/OYaeTcsl B TOM, YTO MOAESbi0 He YuuTbl-
BAlOTCS BELLECTBEHHbI COCTaB, MOTHOCTb M CXUMAeMOCTb OTAE/bHbIX (as.

MpeacTonT HaTn dyHkumo G(v, ) B dhopme

F(v, D) +®+ (1 - B)

D= p(ro)-0+1-0

roe F(v, ) saBnseTca noka Heu3BeCcTHOW yHKUMed. [JaHHas dopma yHKUMN
aBTOMaTU4eCKM BbINOHSAET ycnoBus 1-4. CnegyeT 3amMeTUTh, UTo B cnyyae P(L,d) =
= 1 cHoBa nony4yaetcsl Kak pa3 copmyna Wyl lie, Tak Kak B JaHHOM Cfy4ae

d+r(l_®) o 1% o]
=N - -
Gy, @) yep P+1-P Fr U ;

cnenoBaTesibHO

1 ¢ 1-¢
Yoo VM+~ W
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MonyyeHHble pe3ynbTaTbl

BbluncneHnss nposognnuce ans senndmH v=0,66; 0,5; 0,4; 0,33; 0,25, npnyem
ONA KaXA0ro COOTHOLUEHMA cKopocTel BenuuvHbl @ Bblbupanvcs ot 0,1 go 0,8
¢ warom 4epe3 0,1. Ana kaxgoin napbl BennuuH (r, @) 6bi11M NpUHATLI Mo 50 Mo-
neneii.

MofcunTaHHble BennuMHbI (hyHKUuuKM F(y, @) npeacTaBneHbl Ha puvc. 3, MpUYem
0fjHa TOYKa COOTBETCTBYeT cpefHei no 10 mogensim BennuuHe. Mony4veHHble Benu-
UYMHbI NPU 3af@HHbIX V, KaK (OByHKUMM 0T P, XOpoLLo COBMeLLaoTCA C MNPSMON, T. e.

F(v, ®)=a(r)-® ; b(v).

CoBMelLleHMe MPOBOAMNIOCH MO KPUTEPUIO MOFPELIHOCTU HaMMeHbLUMX KBaj-
paToB. YTrnoBble KO3(h(ULMEHTbI U OCEBbIE CEYEHMS] MPSAMbIX B (OyHKUUM OT V no-
KasaHbl Ha puc. 4/a n 4/6. YrnoBble KO3MULUNEHTbI ABASKOTCA, C XOPOLWINM Apnban-
>KEHVEM, MOCTOSIHHLIMU U PaBHbIMU

a(v)*0,22

a KpuBas, onpeaensieMast 0CeBbIMW CEYEHUSMU, MO MMEKLLMMCS MYyHKTaM W3Mepe-
HWIA, ABMSETCA 3SKCMOHEHUMaNbHON:

b(v)« B(&"' - 1).

BO3MOXHO, YTO UUC/EHHbIE BEMMUMHBLI BXoAsLleli B hopMy/ny MOCTOSIHHOL
0,22 ¥ napameTpOB 9KCMOHEHUMaNbHON KpuBoli b(v) He HocsAT yHMBepCasibHOIO
XapakTepa, a CBsi3aHbl C CreuuasnbHOl CMMMeTpueil U pasMepaMu BblBpaHHO

Mofaenu.
HanpasneHvs fganbHeiiliero ycoBepLIeHCTBOBaHUA MeTofa

Mpy BbIMUCNEHNAX HE YUUTbIBAIUCE 3(MMEKTbI OTPKEHWA WM NOr/OLLEHNS.
B cBA3M C 3TMM Bpems BCTYMJEHUS MepBOro (PerncTpuMpyemMoro) curHana B 3Kcre-
PUMeHTaxX MOXeT He COBMagaTb C BbIYMC/IEHHLIM BPEMEHEM, a MPeBbIWaTb Ero.
TOYHO TakKXe He YUMTbIBasIOCb, YTO WCXOAHOW CUrHan npeacTaBfieH He UrnoBuA-
HbIM UMMYNbCOM, MpMYyeM (hopMa CUrHana CUNbHO M3MEHSIETCA KaK pa3 Mo Bbille-
YKa3aHHbIM MpUYMHam. B MeTo4 HaxoX[eHWs KpaTyaillero mnyTM MOryT ObITb
BHECEHbI M3MEHEHUS C TaK/MM pacyeToM, YTO6bl OH OMpesensn v 3Hepruo BCTyMe-
HUS MMNY/Sbca NYTEM CHUXXEHUS 3HEPTrUW, UMEIOLLENcs Yy OTAeNbHbIX rpaHuy, das
B COOTBETCTBMU C KO3I((ULMEHTOM OTPaXeHWUs, a Takxe, yyeTa reoMeTpuUyecKoro
paccesHuss. Takum obpasom MeToa MoHTe Kapsio MOXeT Mcnonb3oBaTbCca U AN1s
aHanmM3a CKaykoB NepuvofoB, MpPeAcTaBAslOWMX CO60/ MOMeEXM B pesy/sibTaTax aky-
CTMYECKOr0 KapoTaKa.

Opyrum BO3MOXHbLIM Harpas/ieHMeM YCOBEPLLUEHCTBOBAHUA MeTofa SBMSETCA
NPUMeHeHe TPeXMEPHOM Mogenu.

VccnegoBaHuss MOryT 6bITb pacnpoCTpaHeHbl M Ha Ciydaii MHOFOKOMMOHEHT-
HOlA cpefbl, MpU KOTOPOM TakXke Mpeanofniaraetcs AeiCTBME ypaBHEHUS CpegHero
BpPEMEHU (Tegland, 1970). MeTog MoHTe Kapno MOXeT 6bITb M3MEHEH U C TaKUM
pacyeToMm, 4TO6bl NpW reHepauun cpefbl, MOMUMO MOPUCTOCTU YYUTbIBAIOCH U
rpaHy/IMMETPUYECKOE pacrnpeseseHue.
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BbiBoabI

MpoBegeHHass pa6oTa MpecregoBana LeM ONpeaennTb CPeAHUE CKOPOCTM
pacnpocTpaHeHUs1 aKyCTUYeCKUX BOH B MOPUCTbIX cpegax. MeTogom MoHTe Kapno
6blna co3faHa AByMepHasi MoOpuUCTas cpefa U ¢ UCMoNb3oBaHVeM anroputma dopga
Ha OBM onpegensinocb Bpems, HeO6GX0AMMOe ANsi npoGera akycTUYeCKOoh BOJIHOW
nyTU MeXZy OBYMsi TouKamMu 3Toli cpeabl. B pesynbTaTe NpoBeAeHHON pa6oTbl
nonydyeHa opmyna

Vep 1-0,78 @ +bNe 1)

— CPefHsA ANst faHHOW Ccpedbl CKOPOCTb

YK — CpefHsAs CKOpOCTb B XXWAKOWN (hase
VT — CpefHss CKOpOoCTb B TBepAaoi dase
b — 3KCMOHeHUManbHaa (yHKUWS, NpeacTaB/ieHHas Ha puc. 46

[o6aBneHue: Anroputm dopga Ana HaxOoXAeHWs KpaTdyaillero nytu

3agagmMmcsl CBSI3HbIM rpadoM™, K Kax[oih ayre KOTOPOro npuypayvnBatoTcst
MOMIOXMTENbHbIE BEIMUMHBI PacCTOsHWA. MycTb 6yfeT paccTosiHAE He CBSI3aHHbIX
MeXxJay Cc060M Touek +<*=. O603HAYMM Haya/lbHYKO TOukKy NyTu X0, a KOHe4Hyo
TouKy — 8. MNyCcTb OCTa/IbHble TOYKM, MO /HO60MY NopAaKy, 6yayT X1, x2,x3. .. X,C.

K Kaxjoli Touke rpaa npuypaymBaroTcs TakK HasbIB. NOTEHUWaNbHbIE BeIUYU-
Hbl, TaK K TOYKe X- — BennuyMHa u(x,). CHayana 3aTta noTeHUmManbHas Beu4vMHa
PaBHSIETCA HY/IH0, a B KOHLE afiroputMa OHa 03HayaeT MUHMMasIbHOEe PacCTOsIHWE
OTAEMbHbIX TOUeK A0 To4uku XO0.

B npouecce BbINOMHEHWS1 anropuTma rpad pasfensieTcs Ha ABe 4acTu; 0603Ha-
UMM 3TU YacTU4Hble rpadbl 6ykBamn A 1 B. B yacTuuHbIii rpag A BXOASAT TOYKM,
MUHVMasIbHbIe PacCTOSIHWUA KOTOPbIX A0 Touku X0yXe onpefeneHbl, a B YaCTUYHbIA
rpagy B — Toukm, 4151 KOTOPbIX 3TW PacCTOSHWUS He onpefesnieHbl, T. €. MOTEeHUUanbl
KOTOPbIX eLle He PaBHAKTCA MUHUMa/IbHOMY paccTosHuIO. [epBbiii Liar:**

x0eA {rL; x2, ...X kyS}£B.

B npouecce AaHHOIM onepauun 4YacTUYHbBIA rpad A AONOMHAETCA 3NeMeHTaMu K3
YyacTuyHoro rpaga B fo Tex nop, noka B A He BOMZeT 1 S.

* OTHOCUTENbHO OCHOB W TEPMWHONOTMK Teopuu rpacoB CM. Hanp. MoHorpadpuu Kaypmana (1968) nunn bepxa

** XEA — nNpuUHATOE B TEOPUM MHOXeCTB 0603HayeHune Toro, 4to X BXOAWUT B MHOXecTBO A.
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A [0oNoMHSEeTCA OAHOW TOYKOW cnegyrowmm obpasom. MycTb 6yayT B 0606-
LLIEHHOM BWfe

Xa’ "AQ ee o X eee A
X«,Xp,... %, ...€B

a pacCTosiHMe TOoYeK XM, Xr 0603Ha4yMm TIT.
3agaguMcs BeIMUNHON
& [T(XIN) 'Tov.

ona Kaxgaol napbl Todek XNCA, xvcB.

Haligem BennuuHy

Stii min crr-
n Vv

3aTeM COOTBETCTBYHOLLAs TOUKA X BBOAWUTCS B YaCTWUYHbINA rpad A 1 ee noTeHuman
nogbupaetca paBHbiM elTh HeobxogMMo MoKas3aTb, YTO TakK MOTEHUMaT Kaxion
TOYKM B 4acTUYHOM rpade A paBeH [/IMHe KpaTyalillero MyTu, COeAMHSIHOLLErO
ero ¢ X0.

MycTb KOAM4YECTBO TOUeK B 4vacTUYHOM rpage A 6yget 1 Ecim 1=1, 10 A=
={x0} n /In(xQ=0, ana uero AeNCTBUTENbHO YyKa3laHHOe YTBepXieHue. Tenepb
NpeanosiokKnMM, 4To

A**{x0,x1, ... xt X}

N NPEeANoNIOKMM NPaBUIbHOCTL YTBEPXKAEHUS ANt 3TUX TOYEK; HeTPYAHO BUAETH,
YTO MOTEHUMaN TOUKM X , MOMy4YeHHOV MO MpaBuMam asropuTMa, TakKXe paBHS-
eTC MUHUMA/IbHOW A/IMHE MyTU, TaK Kak

Kxn) =KxT)+ riu= min [u(xn) +r,,J.

MOCKOMbKY COrflacHO WCXOLHOMY AOMyLieHWto W(XM) npeacTaBnsieT CO60M amHy
Kpatyaliwero n3 nyTei Xn~XxO0, u{xn) +trv 6ygeT paBHATLCS LUHE MNYTU, UCXOAS-
Lero u3 x, 4yepes Xm Ao Xxn. BennumHa

min [a(x,,) + TR

npesacTaBnsieT CO60M AAUHY KpaTyailliero nyTW, MCXOASLLEro M3 OAHOr0 M3 3ne-
MEHTOB YacTM4HOro rpacga B uepes xn go x0. Ecnv B3siTb ero MuHuMym b n, nony-
YaeM paccTosiHMEe TOYKM YacTUYHOro rpadga B, pacnonaratouieinca Hanbonee 6/M3K0
K X0, T. e. ANMHY KpaTyaiillero U3 nyTeid Xu- X0, B YeM 1 3aKJ/IH0HaI0Ch Halle NoJsio-
KeHWe. JTa orepaums KOHYaeTCs BBEAEHWEM TOUKM S B YacTuUHbIl rpad A.

Mocne 3TOro onpefeneHve camoro NyTU YXe SABMSETCA MNPOCTOW 3afavel;
HaxoAuM TOYKY Xb AN KOTOpOW

MS) —K x g ="Sxi»

(BO3MOXHO, UYTO MMEETCA HECKO/IbKO TaKMX TOueK; 3TO 03HauyaeT, YTo CyLUecTByeT
HECKO/IbKO PaBHO OMTUMasIbHbIX MyTei) U 3Ta ToukKa HaxoAWTCS Ha KpaTdaiillem
nyTu nepeg S. 3aTtem Nofo6HbIM 06pa3oM Ha MecTe S € X- MoslydaeM MpeablayLyto
TOYKY M T. fi., NMOKa He goiigem go xO0.



Rybar Istvan
1886-1971

Nagy halottja van a magyar geofizikanak: 1971. november 18-4n RY BAR
Istvdn Egyesuletiunk tiszteletbeli tagja, a Munkaérdemrend ezlst fokozata és az
Eotvos Lorand emlékérem tulajdonosa, E6tvos Lorandnak hosszd éveken keresztiil
kdzvetlen munkatérsa és kutatasainak mélté folytatdja, elhunyt.

Rybéar Istvadn 1886. majus 7-én, Budapesten szlletett. Iskolait, beleértve az
egyetemet is, itt végezte, majd a gottingai egyetemen Voigt Waldemar intézetében
tovabb képezte magat. E6tvos munkaiba mar 1908-ban bekapcsolddott. Eleinte az
Eo6tvos-ingaval végzett terepmérésekben vett részt, 1912-ben E6tvos tanarsegédje,
majd adjunktusa, s 1915-ben az egyetem magantanara lett. E6tvos halala utan
E6tvos tanszékét Eotvos régebbi munkatarsa, Tangl Karoly kapta; Rybart viszont
rovidesen — 1922-ben — a gyakorlati fizika ny. r. tanarava, Tangl Kéroly halala
utdn pedig 1924-ben Eo6tvos tanszékének, a kisérleti fizika tanszékének a tanarava
nevezték ki, s itt 1950-ig miikddott. Nyugalomba helyezése azonban nem jelentette
munkdjénak a megszakitasat, hanem inkabb az eredeti munkateriilethez valé haté-
konyabb visszatérést: még ugyanazon évben, 1950-ben az EO6tvos Lorand Geo-
fié{iskai Intézet tudomanyos tanacsadoja lett, s mint ilyen dolgozott itt75 éves koraig,
1961-ig.

Nyugalomba vonulasa utan is tevékenyen részt vett a Magyar Geofizikusok
Egyesiletének életében, amelynek alapitd, tiszteleti és elnokségi tagja volt. Az
Egyesilet 1971 nyaran tartott elndkségi Ulésén e sorok irgjanak jutott az a meg-
tiszteltetés, hogy az Egyestlet nevében a 85 éves Pista batyankat felkdszonthesse.
Akkor nem sejtettik, de nem is sejthettiik, hogy alig néhany honap mulva halélat
kell gyészolnunk. A Magyar Geofizikusok Egyesilete, a Magyar Allami Eo6tvos
Lorand Geofizikai Intézet és az Orszagos K8olaj- és Gazipari Troszt nagy halottjanak
blcslztatasa december 1-én volt a Farkasréti temetGben. )

Rybar Istvan tudomanyos munkéssaga igen nagy teriletet olel fel. Ertékes
tanulmanyai vannak pl. a spektralanalizis és fenyvisszaverddes terén. Legnagyobb
jelentéségliek azonban — népgazdaséagi szempontb6l is — az E6tvos-inga tovabb-
fejlesztései voltak; az automatikusan regisztral6 EO6tvos—Rybar-inga, az Auterbal
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inga nemzetkdzi viszonylatban is hirnévre tett szert. Nem kevéshé fontosnak és
nagyjelent6séglinek bizonyult 1954-ben készilt E 54 ingdja is, amely 1958-ban (egy
masik magyar geofizikai mdszerrel egydtt) elnyerte a brisszeli vilagkiallitason a
geofizikai miiszerek Grand Prix-jét. Tudomanyos érdemei elismeréséil a Magyar
Tudomanyos Akadémia 1918-ban levelez6, s 1931-ben rendes tagjava valasztotta.
Az atszervezés kovetkeztében az Akadémia tanacskozo tagja lett, s 1952-ben kandi-
datusi fokozatot kapott. Nagy elégtételt és 6romet jelentett szaméra, hogy tudo-
manyos elismeréséil kérése és kiilon vizsga nélkiil, az Akadémia 1957-ben a fizikai
tudomanyok doktorava mindsitette.

Rybar Istvan neve a magyar geofizika torténetével elvalaszthatatlanul 6ssze-
forrt, s ez nevét és munkassagat az utanunk kovetkez6 generaciok szamara is hiven
meg6rzi !
Tarczy-Hornoch Antal

Great sorrow has befallen the Hungarian geophysics: on the eighteenth of novem-
ber, 1971, Istvan RYBAR, Honorary Member of the AHG, holder of the “Silver
Medal of Work” and of the “Roland E6tvés Memorial Medal” who participated for
a long time in EO6tvds’ work and later continued it, deceased.

Istvdn Rybéar was born in Budapest, 7, May, 1886. Here he got his education —
including the academic career. He performed his postgraduate work in the Institute
of Waldemar Voigt, Géttingen, Germany.

1908 is the year when he rendered his first services to E6tvos. In the beginning
he was in charge of the field measurements. In 1912 he was appointed to the Depart-
ment of Experimental Physics of the University “Péter Pazmany” (the present
University “Roland E6tvds™) as lecturer, later as Assistant Professor and Associate
Professor.

He did not follow E6tvds in the Chair immediately for it had been offered to
Karoly Tangl, an earlier associate of E6tvos, while Istvdn Rybar was appointed as
full time Professor of Practical Physics in 1922, After the death of Tangl, however,
in 1924 Istvdn Rybar followed him in the Chair of the Experimental Physics until
his retirement in 1950.

His retirement actually meant an active “retirement” to his original activity.
In the same year he became a Scientific Adviser of the ELGI where he worked until
his age of 75, in 1961.

Even after his final retirement he actively participated in the life of the AHG,
being its foundation, honorary and presidential member.

In a Presidential Session in 1971 the undersigned had the honour to congratulate
to the 85th birthday of our Uncle Pista. Nobody thought then that in a few months
we are to mourn for him.

The funeral sponsored by the AHG, ELGI and NOGT took place on the first of
December, 1971.

His scientific activity covered a wide range, including spectrum analysis and
optical geometry. The most significant achievement of his, however, was—economi-
cally too—the development of the E6tvos torsion balance. The automatic Auterbal
has gained international recognition. Another type : the E 54 was awarded with the
Grand Prix of Geophysical Instruments at the World Exhibition of Brussels, in 1958.
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As an acknowledgement he was elected in 1918 as Corresponding Member, and
in 1933 as Ordinary Member of the Academy of Sciences.

The name of Istvdn Rybar has become inseparable from the history and de-
velopment of the Hungarian geophysics and it will pass through times for generations

to come. )
Antal TARCZY-HORNOCH

Weikko Aleksanteri Heiskanen
1895-1971

W. A. HpuskanKv professzor 1971. oktéber 23-4n meghalt. Emlékét kegyelet-
tel megdrizzlk.

M. Allami E6tvés Lorand Geofizikai Intézet

*

Professzor W. A. Heiskanen deceased on the 23-th of October, 1971. We keep
his memory in deep reverence.

Hungarian Geophysical Institute Roland Eo6tvos
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. Kopsuh—W. Jlyke: AHann3 pacnpocTpaHeHUs 3BYKOBbIX BOSIH B NOPUCTON cpeje no MeTo,qy
MOHTE KaPMO(N2 3—4) oot
. Mewko—T1. Xennep: O6 annpokcymMaumMn ONTUMaNbHbIX (DUALTPOB, MPUMEHAEMbIX NpPU
LnpoBoit 06paboTKe CEMCMMYECKMX AAHHBIX (N2 3—4) oo
. Mowran—TI. KopenH—9$. BuHue: Pa3paboTka UMDPOBOW CeiicMMYecKoi annapatypbl U
METOANKN BIJTTU (N2I—2) oottt e nenn
. Tapum-XopHox: HekoTopble 3aMeYaHus K BeIMYMHAM MarHUTHOFO CK/IOHEHMWSA, MONYYEHHbIM
B BeHrpun B gpeBHUe BpeMeHa (JOMOMHUT, BBINYCK 1) .cieiriierciinnisiee s seeseeesesie e
P. WTomdan: O6 04HO3HAYHOCTM peLLeHns 06paTHOM 3afaqm rpaBUMETPUN N MarHUTOMeTpUU
(L2 ) ettt E bbb bbbk bbb bbb bbbttt
M. TaTpanb.un: 3aBUCUMOCTb Ny/bcauuii 0T reorpauyecknx WnpoT (LoNoAHUT, BbINyCK 1)
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Az LERDOL-ERDGAS-ZEITSCHRIFT (MARITIME ROHSTOFFGEWIN-
NUNG)”-nek a moszkvai 1971. évi 8. Olaj-Vilagkongresszusara készilt kulénkiadasa
a ,Kdolaj- és foldgaz Eurdépaban”.

Neves szerz6k (Prof. Dr. H. Boigk, A. Caspari oki. banyamérndék, Dr. H. U. Hark
és H. Schoneich banyaszati féfelligyel) tajékoztatnak a szarazféldon, valamint az
eurdpai selfteriileteken folyd kutatasok legtjabb allasardl. A beszamoldkat szamos térkép
és grafikon egésziti ki. Egyéb id&szerl témak, tobbek kozott: el6készités és szallitas
(Dr. N. G. Graf mérnok), automatizalas a kéolaj- és foldgaztermelésnél (Fr. Schlemm
mérndk) stb.

A kilonkiadas angol nyelven késziilt, valamennyi tajékoztatonak német- és orosz-
nyelvi 6sszefoglaloja is van.

Ara: 84.— 0.S,, (12.— DM, Urban-Verlag, 1041, Bécs, pf. 116).

,Erdol und Erdgas in Europa“ Sonderheft der ERDOEL-ERDGAS-ZEITSCHRIFT
(MARITIME ROHSTOFFGEWINNUNG) zum 8. Welt-Erdél-Kongress Moskau 1971.
Namhafte Autoren (Prof. Dr. H. Boigk und Dipl. Berging. A. Caspari sowie Dr. H ,-
U. Hark und Bergoberinspektor H. Schéneich) berichten Gber den neuesten Stand der
Explorationen auf dem Festland und in den Schelfgebieten Europas. Die Betrage sind
mit zahlreichen Karten und Graphiken ausgestattet. Weitere aktuelle Themen sind u.a.
Aufbereitung und Transport (Dr. Ing. N. G. Graf) sowie die Automatisierung bei der
Forderung von Erddl und Erdgas (Ing. Dr. Fr. Schlemm).

Das Sonderheft ist in englischer Sprache herausgegeben, alle Beitrdge enthalten
zusatzlich deutsche und russische Zusammenfassungen.

Preis: 6.S. 84,— (DM 12,— Urban-Verlag, 1041 Wien, Postfach 116. )

,0il and Gas in Europa” special edition of the ERDOL-ERDGAS-ZEITSCHRIFT
(MARITIME ROHSTOFFGEWINNUNG) for the 8th World Oil Congress, Moscow
1971. Distinguished authors (Prof. Dr. H. Boigk, A. Caspari Ph. D. in mining engineering
and mine superintendent H. Schéneich) report on the newest results of explorations in
European inland and shelf-regions. The papers are supplemented with numerous maps
and diagrams. Of considerable interest are discussions of recent topics in oil and gas
processing and transportation (N. G. Graf Ph. D. in eng.) and automatization (Fr.
Schlemm Ph. D. in eng.).

The special edition is published in English, with German and Russian summaries
for each paper.

Price: O.S. 84,— (DM 12, Urban-Verlag, 1041 Wien, POB 116).

«HedTb 1 a3 B EBpone» (Erddl und Erdgas in Europa) siBnsetcs 0TAeNbHbIM BbIMYCKOM
XypHana ,,Erdol-Erdgag-Zeitschrift (Maritime Rohstoffgewinnung)“ nsgaHHbiM Mo nosoay
8-ro mmpoBoro KoHrpecca no Hettn, coctosslieroca B 1971 r. B r. Mockse.

Boigatowmecs astopbl (Mpod. A-p X. bourk, n ropH. nHx. A. Kacnapu, a Takxe g-p X. Y.
XapK W rnasHblli ropHbIA nHcnekTop X. LUsHemx) fatT MHOPMaLMo O HAaCTOALEM COCTOSHUU
pa3BefoYHbIX paboT, NPOBOAALLMXCA Ha cylle U B LWenbdoBbiX 06nacTax Esponbl. Pa6oTbl co-
NPOBOXAAOTCA PAAOM KapT W rpaduyeckmx matepuanos. MNpoune akTyasibHble TEMbl, paccMaTpu-
BaemMble B BbIMyCKe: MOArOTOBKA MECTOPOXAEHWIA, TpaHcnopT (MHxX. A-p H. I'. Ipad), aBTomatm-
3aums B 06M1acTM pa3paboTKM HePTAHbLIX W ra3oBbiX MECTOPOXAEHUA (MHX. ®p. LLnemm) v T. n.

OT,CI,GI'IbHI:IVI BbIMYCK MU3[aH Ha aHIIMACKOM S13blKE 1 BCe pa60TbI NMEKT pe3roMe Ha HEMELKOM
N PYCCKOM A3blKaX.

LleHa: 84 aBcTp. wwunuHra (DM 12,—Urban-Verlag, 1041 Wien, Postfach 116)

8 Geofizikai Ko6zi. XX. 3—4.
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