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ESTIMATION ERROR OF INTERVAL VELOCITIES AND THE
GEOLOGICAL MODEL

I. KESMARKY™*

The enormous volume of data obtained in course of geophysical measurements
excludes the possibility of building up a geological model which was in complete
conformity with all the measured data. Namely, this would imply that the number
of parameters of the model ought to be equal to that of the measured data which
would lead to an untractably large system of equations.

In seismic practice it has been known for a long time that instead of assuming
an overcomplicated geological model structure in order to fit the measured data,
it is always better to solve strongly overdetermined systems of equations. The
discrepancies between the measured data and the theoretical results obtained from
the simplified ideal model can be resolved by introducing the concept of noise. The
less the known connection between the geological model and the measured data, the
more the effect of the noise should be considered. This does not mean however that
a proper understanding of the effect of the ever more intricated geological models
would help us to reduce noise beyond limits. Since there is no cause-effect relation
between the statistical error of measurement and the geological model, the concept
of noise cannot be eliminated. On the other hand, there are no exact mathematical
interpretation rules but for the most simple cases, i.e. there is an inverse correlation
between the increasing number of parameters and the reliability of their esti-
mation. Consequently, there are principal obstacles to the determination of very
complex geological structures.

In this situation it seems to be a realistic compromise to adopt an interpretation
strategy so that the deteriorating effect of noise on the evaluated parameters is
minimal. More precisely, one has to find a geological model for which a maximum
amount of information is contained in the measured data.

The information gained about the model parameters is defined as the change in
their indeterminacy (entropy) as a consequence of their measurements. Beyond
the solution of the given, undisputable equations, the above-said thoughts should
serve as an objective mathematical model for the interpreter’s professional consci-
entiousness. (Here we have in mind Slotnick’s classical formulation: “The re-
sponsibility of the geophysicist rests in interpreting the data, making sections,
drawing conclusions of a physical-geometric nature.... He should know, and be
honest in transmitting, the value and limits to this conclusion. Then and only then
does he do his full duty.”)

The logically correct interpretation methods are based on three assumptions
(for a more exact formulation see e.g. Goltzman 1975, Salat and Dkahos 1973,
1975):

1. Idealization of the measured data;

2. ldealization of the geological conditions, selection of an appropriate model;

* Geophysical Prospecting Company of the Hungarian Oil and Gas Trust, Budapest
Manuscript received: 13, N, 1976



64 1. Késmarky

B. An appropriate transformation between the measured data and the geological
model.

The aim of the present paper is to investigate the factors effecting the estimation
of the interval velocities and to determine the dispersion of the values obtained as
a function of the above-mentioned factors. The significance of the problem has already
been emphasized by Anstey (1973). Model experiments will be presented, showing
the connections between the statistical errors and the complexity of the geological
model. The optimal number of parameters to be determined will be shown to depend
on the quantity and quality of the measured data.

It will be assumed throughout the paper that the time-distance curves can be
approximated by hyperboles. Some of the statistical characteristics of the para-
meters t0 and NMO and the variance of the stacking velocity vs will be assumed to
be known. The effect of noise will be considered through these factors. In the following
examples seismic reflections will be characterized by the parameters of the hyperbole
fitted to the local maxima of the traces. (Related investigations of the author were
reported at the XX. Geophysical Symposium, in Szentendre, Hungary, 1975).

Next, the statistical properties of the errors of depth and interval velocity
estimations will be investigated as a function of the noise. All computations will be
performed for the fixed spread system E-60-2-12 (i.e. geophone spacing 60 m,
offset = 2 times geophone spacing, fold-number = 12). The standard deviation of the
arrival times (times of peaks) will be generally assumed as a(= 1 ms unless other-
wise mentioned. All results characterizing standard deviations of the different
parameters will be proportional to at.

According to the theory of stochastic processes at can be expressed as

' i2n(2nfst

where fn is the average noise frequency, n is the signal-to-noise power ratio, fs is
the average signal frequency. The above formula holds for large values of n. For
low signal-to-noise ratios the formula for at is more complicated.

The Expected Value and the Variance of the Interval Velocity

The estimated value of the interval velocity depends on the chosen mathematical
model. In the next paragraphs only a single model will be dealt with; it is expected
however, that the fluctuations of the statistical parameters will be similar for the
more general models as well.

To begin with let us recall some basic concepts about interval velocities. Suppose
that the interval velocity between two reflectors is computed by the Dix formula
(Dix, 1955):

WMo (»+1) = (vi+i ti+1— v] td / (ti+1— ti)

where vi+l and v- are the RMS velocities (i.e., practically, stacking velocities) and
ti+l and tj are the zero-offset times of the respective horizons. It is well known
(see A1-Chalabi, 1974) that for a horizontally layered medium the “interval velocity”
computed between any two reflectors from the respective t0 and VRMS parameters
is the same as the RMS velocity between the two reflectors. The closer the computed
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RMS velocity is to the effective average velocity of the set of layers in question, the
more homogeneous this set is. Indeed, if this set consists of a series of equal velocity
layers (i.e. if it is completely homogeneous), the RMS and average velocities will
be equal. The ratio of these two velocities characterizes the homogeneity of the
medium.

Because of the noise and the limited resolution power of the seismic method,

the medium cannot be modelled by arbitrarily thin layers. In practice, we have to
confine ourselves to the detection of the marked changes of the velocity functions,
i.e. an optimal division of the depth section to a finite number of relatively thick
layers should be sought for.
“  Let us consider the two-layered model shown in Fig. 1. Thicknesses and interval
velocities of the two layers are hv h2, vt and v2 resp. The theoretical derivation of
the variance aMn (2) of V2 is given in Appendix A. Since the variances are shown
to depend very slightly on the actual values of vww v2 only the case ig= 2800 m/s;
v2= 3200 m/s will be dealt with.

Fig. 1 Model applied for the study of the interval velocity \p
1. &bra. Modell a vlintervallumsebesség tanulmanyozasara

Puc. 1. Mogenb gns nsyveHnss NHTepBasIbHbIX CKopocTen V.

The dependence of aMr (2) on hv h2will be investigated for the following two cases:
A. The fluctuations At are completely non-correlated, i.e. the last four terms
in Eq. A. 1. will vanish (Fig. 2);

1000 2000 2 W00

Fig. 2 Scatter of the interval velo-
city v2 in case of noncorrelated
noises

2. é&bra. A V2 intervallumsebesség
széradsa korreladlatlan zajok esetén

Puc. 2. Pasbpoc WHTepBasIbHbIX
CKOpoCTel Y, Npyu Hannunm Hekop-
penupyroLmxca nomex

0 Geofizikai Kézlemények 2t.
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B. The fluctuations are completely due to residual statics (Fig. 3).

In reality of course the fluctuating quantities contain static and non-correlated
components as well. The variance of the interval velocity depends on the magnitudes
and ratios of the two noise types (due to the independency of these different kinds
of noise, their standard deviations simply add together). In case of /1 = 0 the two
variances are almost equal.

The above results allow the following conclusions to be drawn:

a) The estimation of the interval velocity is less influenced by the errors of the
static correction (case B) than by the inorganized noise (assuming an identical
scatter at). The estimation of stacking velocity was deteriorated by both »types
of noise. By applying an automatic static correction program, the B type of noise
can be eliminated and—in case of a good-quality material—we are usually left
with a non-correlating noise of some +1 ms scatter.

6) In case of non-correlated noise the estimation of the velocity of thin layers
becomes more and more illusory for increasing depths. For a more detailed analysis
of interval velocities (e.g. to detect overpressured zones) an extreme smoothing

Fig. 3 Scatter of the interval velocity v2in ease of
static noise

3. abra. A i\ intervallumsebesség szérasa statikus
jellegl zajok esetén

Puc. 3. Pasbpoc MHTEpBa/bHbIX CKOPOCTEN V2 Npu
Ha/M4MM CTaTUYECKUX MOMEX

of these velocities should be carried out along the section. (This, of course, can be
considered as a way to decrease at).

¢) In case of non-correlating noise the optimal thickness A2 (for which the interval
velocity can be estimated with a minimal error) increases proportionally with hv

Expected Value and Variance of the Estimated
Depth Values

One of the most important transformed quantity is depth, which is the product
of the average velocity and t0. We shall confine ourselves to investigate the case of
a horizontally layered medium in which case the stacking velocity vs, derived from
the travel-time curves, can be considered to be a good approximation of the RMS
velocity. (For an exact definition of the different velocity concepts please refer to
the works of Taker and Koehler 1969; Shah 1973; Al1-Chalabi 1974).
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It is well-known (A1-Chalabi 1974) that the RMS (~ stacking) and average
velocities are connected by the formula

»«=» » [flI+ST.

where g is the inhomogeneity factor:

9- ~ %¢lh‘2 h*>»» r ; ?7>0

and D is the depth of the lower boundary of the n-th layer. (The above value of
g can be easily derived from the identity:

n \2
_ A = AY_TE AN
VRMS EhLE™ ) - TR X 241
For a given value of g, the depth H can be expressed as:
™ ulo
fl+9

The computation of error is complicated by the fact that the three quantities
shown in the above formula are not independent. The estimated value of g de-
pends—apart from the expected errors of the estimated velocities and thicknesses
of the individual layers—on the particular division of the measured data as well.

The problem will be studied on two statistical models. It will be aimed to get
an at least qualitative estimation of the expected errors of g and H in some cases
close to practical situations. At the same time the influence of the number N of the
pair of parameters (If, VW) on the geological information gained will also be studied.
Geological information will mean from here on the change of uncertainties (i.e. entropy)
of the estimated parameters (e.g. layer thickness and interval velocity) during the
process of measurements. To avoid the use of the complicated formulae describing
the entropy in case of a large number of parameters, a more straightforward procedure
will be applied. We shall study the RMS deviation 6 between the estimated para-
meters and the synthetic model parameters (interval velocities), as a function of
the number of the parameters. This quantity, although less general than the entropy,
adequately describes the quality of the estimated parameters. The solution to the
inverse problem should be designed for models minimizing the error $

The models are built up from 50 m thick, homogeneous layers. Interval velocities
are normally distributed around their mean values, with standard deviation av.
Two (fixed) velocity models will be considered: a step-wisely changing model con-
sisting of 1000 m thick constant sections, and a Unear velocity-depth function
(Fig. 4).

The arrival times of the reflections are computed from the model according
to the formula:

t*= C1+Crf

(see Taneb and Koehlek 1969). To each ti we add a non-correlated, Gaussian noise
Ai,-; of zero mean value and at variance. Higher order terms, such as C3 in the
expression of if will be neglected.
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Fig. 4 Two geological models for the study of the depth estimation
4. &bra. Két geoldgiai modell a mélység becslésének tanulméanyozasahoz
Puc. 4. [lBe reosIorM4yeckmMx Mogenun ans n3yveHust oLeHKM rny6uH

Next we take every m-th reflector ;m = 1, 2, 3, ... ) inturn and determine from
numerous (30) realizations of the noise sequence At the expected values and variances
of the parameters t0,v3 H, g and O, corresponding to the deepest reflector at 6000 m
depth. The estimation of the parameters are performed by means of the D ix formula,
using hyperboles fitted to the arrival times (Incase of m = 20, the reflections
taken into account correspond to the main velocity jumps in Model I1.).

From the results obtained, the following conclusions can be drawn:

a) In case of Model | 6 has a well-defined minimum with respect to the number
of parameters N. The minimum occurs approximately at the same place for different
values of av. The existence of this minimum is due to two adverse effects: for large
N the scatter of the interval velocities becomes too large, for small N the estimated
values of velocities cannot describe sufficiently the main features of the model (Fig. 5).

Fig. 5 Behaviour of 6 as a

BCIO function of the number of
parameter pairs (N) for
Model I, for fixed at

5. dbra. A & mennyiség a
paraméterparok N szama-
nak fuggvényében az I. mo-
dell esetén, rogzitett at
mellett

Puc. 5. 3aBMCMMOCTb BE/IN-
UMHbI 6 OT KO/MMYecTBa Map
napameTpoB (N) /11 MO-
fenn | Npy 3amaHHoN Bew-
UMHe o t.
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b) The optimal number of parameters depends on a, and on the degree of
smoothing along the section. In case if a more accurate measured data is available
a coarser division of the model should be chosen (Fig. 6).

Fig. 6 Behaviour of 6 as function of the number of parameter pairs (N) for Model I, for fixed ac

6. dbra. A 6 mennyiség a paraméterparok N szamanak fuggvényében az I. modell esetén,
rogzitett av mellett

Puc. 6. 3aBMUCUMOCTb Be/IMUMHBI b OT KO/IMYecTBa nap napameTpos (N) ans mogenu | npu
331aHHOI BE/INYVHE av.

c) In case of Model Il the quantity & reveals a clear-cut absolute minimum
corresponding to the actual number of velocity jumps. For practical purposes it is
advisable to use the flatter, a slightly disadvantageous, local minimum for model-

building (Fig. 7).

Fig. 7 Behaviour of $as a function of the number of parameter pairs (J1) for Model 11
7. &bra. A $mennyiség a paraméterparok N szaméanak fuggvényében a Il1. modell esetén

Puc. 7. 3aBMCUMOCTb BE/IMUMHBI 6 OT KO/IMYeCTBa Map napameTpo (N) Ana mogenu Il.
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d) There is a close connection between the estimated depth H and the inhom
geneity factor g: the expected value of H is distorted by the error of factor g (Fig. 8).

0.09-
9

0.07-

0.05-

Fig. 8 The estimated inhomogeneity factor (g) and depth (H) as functions of the number of
parameter pairs (N), for Model | ;------------ exact value

8. dbra. A becsult g inhomogenitas faktor és H mélység alakuldsa a paraméterparok
N szamanak fuggvényében (I. modell);------------ pontos érték

Puc. 8. 3aBMCUMOCTb (haKTopa OLIEHEHHOM HeOAHOPOAHOCTM g M Iy6MHBLI H 0T KonmyecTsa nap napa-
MeTpoB (N) /1 MoAe N |, --—-----------—-- TOYHbIE BE/IMUMHBI

Around the optimal number of parameters (see Fig. 6) the estimated g and
H values are almost independent of N ; however g is less than its theoretical value.
The decreased value of g is due to the fact that a correct interpretation necessarily
results in a much more homogeneous, simpler model than the reality. If we do not
want to fool ourselves with incorrect velocity estimations, it is not worthwhile to
strive at a more accurate estimation of the inhomogeneity factor.

Summarizing the above results it turns out that the factor g is only of a second-
ary importance. If the number of parameters is nearly optimal, the only effect
of g will be felt in a (slightly) distorted expected value of the estimated depth. As
a first approximation the influence of the errors of g on the scatter aHof the estimated
depths can be neglected:

E{AH2) = — L tH[(i0+ AtO) (v,+ AV,)-tOvtf),
1+91

oa ~ [tla”™afOo+2trvsE(AtfiAvs)].
1+4
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The scatter of the depth values can be approximated by the above formula, as it is
shown in Fig. 8.

On the basis of the investigated models (a, = 0.3 ms) it seems that the velocities
should be determined at every depth of 250-500 m, the samples to be taken should
not necessarily be equally spaced in time. The value of the inhomogeneity factor
can also be found from sonic logs. The importance of the optimal number of para-
meters, tailored to the accuracy of the measurement (i.e. to a,), should especially
be emphasized.

It is needless to say things are much more complicated on real seismic materials.
The primary reflections should be picked from different types of organized noise
and multiples. They are not uniformly distributed and by no means of equal energy
along the sections.

Appendix A

Expected Value and Variance of the Estimated
Interval Velocity

Let us consider a series of horizontal, homogeneous layers and adopt the usual
assumption that stacking velocity vs and RMS velocity are equal.

From the definition of the RMS velocity, the interval velocity of the layer
situated between the r-th and (t+1)-st reflector can be expressed by the Dix
formula as:

«L/s(*+1) <o(*+1)— w
o<+ 1)—W
where the meaning of i0(*+1), t0(i), VRMS(i-\-1) and vRMS(i) should be clear.
Given that the above quantities are burdened with errors:
[Vriis(*'+1)+ AVo [s(*'+ 1)]> [vRMs(i)~\~AvRMs(i)] >

[i0(F+ 1)+ AT0(*+ 1)i and [<o0 + A io()]

let us consider the derived value of

Vin {i+ 1) =

1 1) +Acin((f+ )]

[For sake of simplicity \t and t; will be used instead of VRUS(i) and ta(i)\

(Veti+ Avi+DAtm +A ti+1)— (Vj+ AvI2(h+ At®)
Ac<b< (*+1) =
*»+1+ Att+i) — (*r+Atj)

 ES TN Y 7

Expanding the first term into Taylor series, neglecting higher than first-order terms
and substituting back the original expression for vint(i-)-1). we obtain:

- 1
Avinl(1+1) : -j v."+i h+i Avi+l—vtti Av,. +
Tviri+1)
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*
b n+1*.+1 At,

1 ti+i 1 yv?t4d At w2
| T rv?+J At<+1 2 T Tv?

v

™
NI

where T = ti+l— 1.
Let us compute now the expected value of Og>n(r'+1):

y.+1*<+1 E{Avi+1)— \i ti E(A\i) +

EAvin(i+1) =
Tvindi+ 1)
Ui U - N+l + — 1E (Ati+1) -
2 ~ T TvHl |

VeHlF] J EVA. JI
Tv?

1+
| Y r
since all terms on the right-hand-side have zero expected values.

It should be

mentioned that in spite of the above result the estimation of vinl(*'-j-1) is generally
not unbiased because of the hyperbolic approximation of the travel-time curves.

The variance of the estimation error O?(r+1) is:

E{AvUIi+I1)) = ol(i+\) jvo+ Lt <r2+1+
TUI+1)
*i+l t|+|_ + Y et-
+ OV 2t2ur(+ - +
T Tv? a1
1+I w+ b+l u? +
T Tv? o
+v<thtl e - + C ) NARHLAVF+HIH-
te
+VK 14 A E(At(A\ i)-
T Tv?
—2v<tly, titl t, £E(AV<HLAV,) —
VHIVERR (1+ Y - AV +1)~
*i+l ] V?t,
—V+I V't - ™ (4»,+1AvV,)-
T'hi
V7t

i"?+|%? 1- *y+1 +
T T'hi)‘K -

1R
YA e (Atidl ALY
Tv?

where the covariance-term ~(O"40y”" will be derived in Appendix B.

(A1)
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If the events corresponding to the t-th and (*'+1)-st horizons are not correlated,
the last four terms vanish from the expression of a\ (i+1). If, however, static
correction errors also contribute to the terms Ati+l and At-, the latter four terms

cannot be neglected.
In this case the following inequalities hold:

0 <N(AVi+lAvi)< Q (A.2)
0 < |-®AGAVI+)| < |#(Ati+1Av<+l)] (A.3)
0 < [A(@M149] < 14(A14y..)| (A.4)
0 < E{Ati+1Ati) < al (A.5)
where
B = - 4)-(}— {{li+N M O i){ti+i+ N M O i+1)0%MO+

+[(ti+NMOI)NMOi+1+ (ti+1+NM O i+1)NMOI]JE(AtOANMO) +
+N M O i+INMOiaf;}

The inequalities (A. 2)-(A. 5) express the fact that the covariance terms are
restricted between two kinds of degenerated limiting values.

On the left-hand-side of the above inequalities the equality sign holds for the
case when the noise are completely non-correlated between successive horizons.
The right-hand-side limit corresponds to the case of the identical noise for all horizons,

i.e. static correction noise alone.
It should be noted that the above derivation is independent of the particular

method of determination of the parameters of the hyperbole ; any method of velocity
determination can be described by means of atny ay and E(AtOAvs).
Appendix B

Covariance of the Estimation Errors of tQand VX

Using the series development of vs up to the first order terms:

3
S [(t0+NMO)ANMO+NMOAtOALJ, ,
X2 I
E(AtOAvs) = — -V-[(t0+NMO)E(AtOANMO)+NMOE (At$)]

or, in another form

E(AtOAvs) = ------ s[(t0+ N MO)E(ANMO)+N MOoft
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KESMARKY ISTVAN

AZ INTER\{ALLUMSEBESSEG BECSLESI HIBAI
ES A GEOLOGIAI MODELL

Figyelembevéve a geofizikai mérési adatok nagy témegét, belathaté, hogy a kiértékelés célja
nem lehet olyan geol6giai modell meghatarozasa, mely minden mérési adattal teljes ésszhang-
ban van. Ekkor ugyanis a modell a mérési adatokkal azonos szdmu paramétert tartalmazna.
A szeizmikaban ilyen nagyméret(i egyenletrendszerek megolddsa szamitastechnikai és egyéb
okok miatt abszurdum, de mas modszereknél is komoly buktatékkal rendelkezik.

Kiértékelési tapasztalatok, szamos szerz6 munkaja (és e dolgozat is) azt bizonyitjak, hogy
helytelen olyan bonyolult geolégiai hatékat meghatarozni, melyek hatadsa azonos a mért ada-
tokkal. A gyakorlatban er6sen tulhatarozott egyenletrendszerek megoldasa a célszerd.

A mérési adatok és a feltételezett idedlis geoldgiai alakzatok hatasa kozti ellentmondast
a zajok fogalméanak bevezetésével oldjuk fol. A zajokat statisztikus moédszerekkel kezeljuk.
Annal tébbet vagyunk kénytelenek a zajok terhére irni, minél primitivebb esetekre vannak
csak feltarva a kulonféle hatdsok és haték kozti kapcsolatok. Az egyre bonyolultabb szerke-
zetek hatdsanak feltarasaval azonban nem csokkenthet6 minden hataron tdl a ,zajok” nagy-
saga, tobb okbdl sem. Egyrészt a statisztikus mérési hibak mar nincsenek kapcsolatban a ha-
tékkal, ezek nem tintethet6k el. Masrészt matematikai Odsszefiiggések csak a valdsagosnal Ié-
nyegesen egyszerilibb esetekre ismeretesek csupan. A paraméterek névekvd szama és a becslések
megbizhatésaga kozott forditott aranyossag szerl dsszefiiggés van. Lathat6, hogy az egyre bo-
nyolultabb geoldgiai alakzatok megismerése elvi korlatokba Utkozik.

llyen helyzetben a kiértékelés legelfogadhatébbnak t(iné célkitizése az, hogy az igy defi-
nialt zajok zavar6 hatasa minimalis legyen a meghatérozott geoldgiai paraméterekre. (Két vég-
let kdzti optimum megkeresésér6l van tehat sz6, a modellparaméterek szdma szerint.)

Precizen megfogalmazva ez azt jelenti, hogy olyan haté paramétereit kell meghatéarozni,
melyre a mérési adatok maximalis informéaciét szolgaltatnak. Informéacié alatt értjuk a haté-

Az adott, vitan feltulall6 egyenletek megoldasan tul a vazolt szemléletméd lehetéséget
nyljt a kiértékelé szakmai lelkiismeretességének objektiv matematikai modellezésére. A geofi-
zikai mérések hasznositasanak éppen az a leglényegesebb kérdése, hogy a fizikai mddszerek
mely hatéarig segithetik a geolégiai kiértékel6 munkat. Ezen tal mar csak foldtani moédszerekkel
lehet kovetkeztetéseket levonni.

A logikailag helyes kiértékelési eljarasok harom alappillérre épithet6k. (Mas, szabatosabb
megfogalmazéasai is léteznek, pl. F. M. Golcman 1975; Salat, Drahos 1973, 1975.)
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1. A mért adatok idealizalasa.

2. A geolégiai viszonyok idealizalasa, alkalmas modell megvéalasztésa.

3. A két alapvet§ tartoméany koézti transzforméacié megvalasztasa.

A dolgozat ismerteti a becstlt intervallumsebességeket befolyasolé tényezéket és a meg-
hatarozott értékek szérasanak alakulasat ezek fliggvényében. A téma fontossadgara tobb szerzé
is felhivta a figyelmet (Anstey 1973). Az elvégzett modellvizsgalatok alapjan kovetkeztetések
vonhatdék le a statisztikus hibdk hatdsanak és a modell min6ségének kapcsolatarél. A megha-
tarozand6 geoldgiai paraméterek optimalis szama érzékenyen fiigg a mérési adatok mindségé-
t6l, mennyiségétdl.

A tovabbiakban a menetid6goérbékrél foltesszuk, hogy hiperbolaval jol kozelithet6k, tQés
NMO paramétereinek egyes statisztikai jellemzdgit ismertnek vesszik, a vs stacking sebesség
szordsat Ggyszintén. A zajok hatéasait e tényez6kdn keresztil vesszik figyelembe. A bemuta-
tandé példak esetében a csatorndk lokalis maximumaira illesztett hiperbola paramétereivel jel-
lemezzik a reflexiokat.

A kovetkez6kben egyes geoldgiai paraméterekre — az intervallumsebességekre és mélysé-
gekre — kaphatd becslések statisztikai tulajdonsagait vizsgaljuk, a zajok fiiggvényében. A teritési
rendszert rogzitjuk, szamitasainkat az E—60—2—12 rendszerre végezzik el. Az idémérési
adatokat (a lokalis maximumhelyeket) terhel6 hiba at szérasat 1 ms-nak valasztjuk, hacsak
kalon nem jelezziik a kivételt ez aldl. (A széras jellegli eredmények at-vel aranyosak.)

at értéke a stochasztikus folyamatok elmélete alapjan levezetheté:

12n (2nfj)2 "’

ahol fz a zajok kozepes frekvencidja, n a jel/zaj energia arany ésfj a jel kozepes frekvenciaja*
A fenti kifejezés n nagyobb értékei mellett érvényes, kis jel/zaj arany esetén az 0Osszefliggés
bonyolultabb.

. KEWWMAPKW

MOrPELWHOCTUN OLEHKWN MHTEPBAJIbHbLIX CKOPOCTEWM
N TEONTMTNYECKAA MOJE/b

Bce 60nee BadKHbIM CpeacTBoOM U UeNblo UHTepnpeTaynn Cel7|CM0pa3Be,q0LIHI>IX AaHHbIX AB-
NnAeTca onpejeneHne NHTepBasibHbIX CKOpOCTeVI.

B pa60Te paccmaTpuBarTCcA CbaKTOpr, BAnAwUIMe Ha TOYHOCTb OUEHKN NHTepPBa/IbHbIX CKOPO-
CTel, a TakxKe 3aBUCMMOCTb pa36poca onpeneneHHbIX BE/IMYUH OT 3TUX CbaKTOpOB.

IMpoBefeHHble MOAEsIbHbIE UCCMef0oBaHMUA MO3BOJIAIT fAenaTb WHTEePecHble BbIBOAbl O CBA3U
MeXay B/IMAHUEM CTaTUCTUYHECKUX I'IOFpeLLIHOCTeI‘/’I N Ka4yeCTBOM, AeTas/ibHOCTbIO MoAenn.

OnTumasnibHoe 4YMCNo onpefensieMblX reosIorMyYeckUX rnapameTpos B 3HaYNTEeNbHOM Mepe 3a-
BUCUT OT KayecTBa U KOSINYecTBa AaHHbIX HAb04eHUIA.






