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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



J . Sipos

Liptai

T. Bodolcy- O. Korvin—I.

12

0 &y

o s

o ?b

ol -
VIR
o Q7
oo Q7
e
- g

& -?
0g Q7
oo

A P

¢e— L0
©|
8z~ ge 8-8-8
8
8o ~Hel — B8
8oz llw.. - omlm
~%a8 o OOmlom
3 0¢8 o
i— -2 0
8 i~
5 #.G. 1I_._mlu.l
—
Zz= o
8%5 " 18 - 00 o8
88%~ ¥8 3 -
G.Ml M\m 10@
8 Tos @@ﬁl@m
L
) |

ssioub ayuelh

glp

8 5cagss
Ae|o

PF.@ *

—
&5 o 0803
Pwmr,m @

o v8dd
8 R se8

Ae|d

Ae|d

aouelsIp uo apnyjdwe jo sduspuadsq

6561

8=
glg
Boz
BT
BOOT

gl
a7
ez
o8

SelE

‘e 19 uosjabo4 ‘¢

(=)} ¢ ”m.£O )
oo 59 yq fuo «

Lo

T*

N



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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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 ™
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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.








