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THE INFLUENCE OF STATISTICAL CHARACTERISTICS
OF THE FLUCTUATIONS OF THE RADIATION SIGNAL INITIAL
PHASES ON THE ACCURACY OF THE MEASUREMENT
AERODYNAMIC OBJECT RADIAL VELOCITY

Abstract. The article deals with the estimation of radial velocity when using a coherent packet of radio pulses regarding
the case of the presence of correlated fluctuations of the initial phases in the reflected from the aerodynamic object pulses.
The subject of the research is the accuracy of measuring the frequency of the received packet for the case of concerted
processing without taking into account the phase fluctuations of its radio pulses. The purpose is a numerical analysis of the
influence of the statistical characteristics of the fluctuations of the received pack’s initial phases on the decrease in the
accuracy of measuring the radial velocity of the aerodynamic object. The task: to estimate the possible values of
fluctuation constituent middling quadratic error of measuring of radial speed of aerodynamic object. Consideration is given
to the assumption that an additive mixture of deflected signal and uncorrelated Gaussian noise is input to the radar receiver.
It is considered that the phase fluctuations of the received packet are distributed according to the normal law with zero
mean, and the correlation of phase fluctuations with the increase of the interval between the packet radio pulses decreases
according to the alternating law. Methods used: methods of probability theory and mathematical statistics. The following
results are obtained: the accuracy of frequency measurement of the pack had been estimated in the presence of correlated
phase fluctuations of its radio pulses. Conclusions. The results indicate that for modern radars in the conditions of regular
measurement the accuracy of estimating the frequency of the packet of radio pulses is much more influenced by the
statistical characteristics of the phase fluctuation than the signal-to-noise ratio. Due to the phase fluctuations of the radio
pulses of the received packet, the mean-square error (MSE) of radial velocity measurement of the aerodynamic object is
able to exceed the values determined by the requirements for coherent pulse radar.

Keywords: coherent pulse radar; packet of radio pulses; phase fluctuations; radial velocity aerodynamic object;
Gaussian noise; radar surveillance; optimization efficiency.

Introduction

Formulation of the problem. Improvements and
development of modern aerodynamic objects of radar
surveillance, performance of their tasks at low and
limiting low altitudes cause increasing requirements for
their detection and tracking facilities. The increase in
the maneuverability of aerodynamic objects makes it
necessary to evaluate radars of different classes of range
derivatives to the aerodynamic object with maximum
accuracy. The determination of the radial velocity of the
aerodynamic object during the primary time-frequency
processing of the radar signal is realized in coherent
pulse radars, which use a coherent packet of radio
pulses as the probing signal. The degree of coherence of
a packet determines the duration of its regular phase
structure and, as a result, the radial velocity resolution
and the accuracy of measuring the radial velocity of an
air object. The real conditions for the propagation and
reflection of a radar signal could substantially limit its
temporal coherence and the quality of its time-
frequency processing.

These conditions include the influence of
atmospheric heterogeneities [1-3], Doppler objective
noise [4-6] and the reflection of radio waves from the
earth's surface with complicated terrain [7- 9].

The degree of coherence of the packet determines
the duration of its regular phase structure and, as a
result, the measure of the frequency resolution and the
accuracy of measuring the frequency of the specified
radar signal. In modern coherent-pulse radars that
provide radar surveillance of maneuvering aerodynamic

objects in a complicated aerodynamic object and
interference condition, algorithms for digital coherent
accumulation of the received packet radio signal are
implemented. Therefore, it is of practical use to estimate
the error of measuring the frequency of the received
pack depending on the statistical characteristics of the
phase fluctuations of its radio pulses.

The estimation of the possible decrease in the
accuracy of the radial velocity measurement of the
aerodynamic object due to the signal’s phase
fluctuations will allow to determine the conditions for
optimization of its processing.

Analysis of recent research and publications. A
considerable amount of work is devoted to radar
surveillance of aerodynamic objects and the
measurement of their coordinates and motion
parameters under complicated conditions.

The distortions of the phase structure of the radar
signal have a different nature. Phase fluctuations due to
an atmospheric heterogeneities and the peculiarities of
the use of radio engineering systems under the
conditions of their influence are described in [1, 7, 10-
12]. In addition, phase distortions of the received signal,
which are due to the complex shape of the aerodynamic
object and its ability to perform sudden maneuver, cause
the wandering of its radar center and, as a result, the
appearance of velocity’s noise of the aerodynamic
object [1, 4, 5, 13, 14]. If radar surveillance is
implemented for aerodynamic objects moving at low
angles of location, and due to the multipath propagation
of the radar signal, additional phase distortions are
appeared [4, 7, 8, 15-26].
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There is [28, 29] the method for calculating the
error of the packet’s frequency arising due to the
influence of phase fluctuations of its radio pulses.

As shown in [30, 31], the possible values of the
measurement errors of the time-frequency parameters of
the radar signal resulting from its phase distortions are
capable of exceeding the allowable radar values of
different wavelength ranges. The assumptions about the
statistical characteristics of the reflected signals are
confirmed by the results of the experimental
investigation, which were elucidated in [32].

The purpose of the article is a numerical analysis
of the influence of the statistic characteristics of the initial
phase fluctuations of the radio pulses for the received
coherent pack on the decrease of the accuracy of the
radial velocity measurement of the aerodynamic object.

Basic material

The radial velocity of the aerodynamic object is
estimated according to the expression [1, 2]:

A
Vv, =—Q, 1
. (D
where Q=2nF, - the cyclic Doppler shift of the

frequency; Fp — Doppler frequency; A — the
wavelength of the radar signal.

It is assumed that the received realization is the
sum of the reflected of the packet radio pulses from the

aerodynamic object and the internal noise:

y(t,Q) = x(t, Q) +n(1), )
where y(z,Q) — realization of the received oscillation;
x(t,Q) n(t) -
realization of internal Gaussian noise.

A useful signal is a coherent packet of radio pulses

with random amplitude and initial phase whose complex
amplitude is described by expression:

— realization of a useful signal;

X(t,Q) =bY X;(1,Q)exp[j(B)], 3)

i=l
where Xi(t,Q) — the complex amplitude of the i-th

radio impulse; » — random amplitude of the radio
signal, which is distributed according to Rayleigh's law;
B — the random initial phase of the radio signal, which

is distributed according to a equable law; i — the radio
pulse number that counted from the beginning of the
packet; n — the number of radio pulses in the packet.
According to [1] it is determined that estimating
the shift of the frequency of the packet of radio pulses
could be realized by finding the argument of the
maximum natural logarithm of the likelihood ratio:

Q = argmax In /() . 4)

where /(Q2) — the likelihood ratio as a function of the

measured parameter.

It is determined in [1] that the likelihood ratio for a
coherent signal with a uniformly distributed random
phase and a random amplitude which distributed
according to the Rayleigh law, as a result of the

statistical averaging by the random parameters b and 3
has the form:

2
q*/2

1
°(Q) =
) 1+q2/2exp2(1+q2/2)

Z, @, )

where q2 — the signal-to-noise ratio for power;

|Zn (Q)|2 — the square of the module of the normalized

complex weight integral as a function of the measured
parameter.

In the conditions of regular measurement

(q2 >>1), equality is valid:

|1Z,(Q)| =|2,(®,.®,)|~ gp(®,D,) = gp(Q), (6)

where @ =||®Sl- ||T @=1 2,.., n)

observed values of the initial phases of the packet radio
I

— vector of
pulses; @, = ||d)m~ — vector of the expected values of

of the packet
p(®,,D,)=p(Q) - anormalized mismatch function

the initial phases radio pulses;

by the phase of the observed and expected radio signal.
Taking into account (6) the likelihood ratio (5) is

taking the form when q2 >>1:

1 ~(2/q*)-exp( 0> @)/2). %)

As shown in [28], in the case of a coherent pack
with a constant period of radio pulses, the square of the
normalized mismatch function by the frequency is
described by the expression:

2 [RCRS 2
pT(Q) =1_EZ Zaiéj(q)i _q)j) -

i=1 j=1

TPy N8P

i=1 j=1

n n

HTQY Y 8 - )@~ D)), @®)
i=1 j=1

the mismatch between the

where Q=0-0;, -

observed ® and expected w cyclic frequencies of the
pulse packet; i, j — pulse numbers that are counted
from the beginning of the packet; cD,-’ D - observed
values of the initial phase of the i-th and j-th radio

0

. Z; 1 . .
pulses accordingly; &; =Z—’; Z, =3 j Yl-(t)Xl-*(t)dt
z —00
— module of the signal part of the complex correlation

integral for the i-th radio pulse; Yl-(t) — complex

envelope of the received i-th radio pulse; X:-‘(t) -

complex conjugate envelope of the reference voltage
during the processing of the i-th radio pulse;

n
Zs = ZZ,-; T — period of packet radio pulses.

i=1
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For a symmetric amplitude distribution of radio
pulses in the packet &; =¢&,,,_;, using the expression
(8) into (7), computing logarithm and leaving only the
dependent on the measured parameters subtrahends, we
obtain an expression for sufficient statistics:

2 2 n n
S@=lni@=-L 10y Y e, ) -
i=1 j=1

n n
TQY Y L (- D D)) ©)
i=1 j=1
Estimation and dispersion of the error of
estimation of the frequency of a packet of radio pulses is
obtained according to the method of maximum
likelihood [1] by the expressions:

45EY _ () when Q=Q, (10)
dQ
1 dA*InuQ)  d*SQ) -
= =— when Q=0Q, (11)

o5 do? dQ?

where In /(QQ) — the natural logarithm of the likelihood
ratio (7) or its sufficient statistics S(Q); Q -
estimation of frequency of the packet radio pulses.

After a one-time and two-time differentiation by
the measured parameter of sufficient statistics (9), the
estimation and dispersion of the error of frequency
estimation in the next form are obtained:

Q= Zaj(zj—l)k_,-/TZa_,-(zj—nz . (12)

J=1 J=1

272 m
A NI (13)
=

GO 2
where R ;- the difference of the j-th initial phases of

the symmetric pair radio pulses; m — the number of
pairs of radio pulses symmetrical about the center of the
packet.

If the packet of radio pulses has a rectangular
envelope (&; =1/n), expressions (12) and (13) could

be converted to the form:

~ 3 m
Q=———-> (2j-DR;, (14)
m(4m2—1)TJZ=1 /
1 ¢@Em* -1,
— 4" )2 15
5 B (15)

SJe)
Random error of frequency measurement caused

by fluctuations of initial phases of packet pulses could
be represented by the expression:

3

2 > (@2j-DAR;,
m(4m2—1)Tz(] AR

J=1

AQ = (16)

where AR ;- fluctuations in the phase difference of the

j-th symmetric pair of radio pulses.

The dispersion of this error is determined by the
expression:

02 = 0
o T —
pr m2 (4m? —1* T2

<[Z(2j—1)AR,-]2>, (17)
j=1

where ( ( — the operation of statistical averaging.

The dispersion of the total measurement error of
the frequency of the packet of radio pulses is

determined by the sum of the error dispersion oé
which conditioned by the influence of the internal noise

of the receiving device and the error dispersion céﬂ

(17) caused by the phase fluctuations of the radio
pulses:

(18)

It is believed that the phase fluctuations of the
received packet radio pulses are distributed according to
the normal law with zero mean, and the correlation of
phase fluctuations of the adjacent radio pulses of the
packet decreases according to the alternating law [1].

The realization of the statistical averaging (17)
allows to obtain the expression of the dispersion of the
total error of measuring the frequency of a packet of
radio pulses at the alternating correlation function of
phase fluctuations:

2 2 2
Gz—GQ‘FGQﬂ.

2
c% _ 12 . 180, 5
T (4m? =1y m°T?(4m* -1y
m
[ 2k =1)* (1 - (-a) D) +2x
k=1
m—lm—k

x> (=a) 2k =12k +2i - (1~ (-a) D), (19)
k=1 i=l
where cs(zp
correlation coefficient of phase fluctuations of adjacent
radio pulses of the packet.
There is a graph of the dependency of the square
product of the measurement MSE of the frequency of a

— dispersion of phase fluctuations; a — the

packet for ten radio pulses and their period (cszT)2 on

the signal-to-noise ratio in power q2 when a=0,99
(Fig. 1, a) and the correlation coefficient of phase
fluctuations (Fig. 1, b) when q2 =1000. Graphs are
obtained for different values of phase fluctuation

dispersion cs(zp =0,01; 0,1; 1, 10 rad”.

The results are shown in Fig. 1, and indicate that,
under the conditions of regular measurement (when

q2 >>1), the accuracy of measuring the frequency of

the packet of radio pulses mainly depends on the
statistical characteristics of phase fluctuations than on
the magnitude of the signal-to-noise ratio.

Increasing the dispersion of phase fluctuations by
an order of magnitude has almost no effect on changing
the magnitude of the error dispersion of the
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measurement of the frequency of the packet radio pulses
for the small values (6(2') =0,01...10 rad? ). Increasing
this

(cs(zp =1...10 rad? ), which can occur in practical cases,

dispersion by an order of magnitude

leads to an increase in the dispersion of the error
measurement of the frequency of the packet radio pulses
by an order of magnitude and more.

These results were obtained for the alternating
correlational function of phase fluctuations, with a
decrease in the inter-pulse correlation coefficient by
only 1% (a =0,99).

The graphs in Fig. 1, b indicate that, as the
dispersion of phase fluctuations (cs(zp =0,01...10 radz)

increases, the effect of their inter-pulse correlation
coefficient on the measurement error of the frequency of
the packet radio pulses increases. Most significantly,
this effect occurs at large dispersion of phase

fluctuations (cs(zp =1..10 rad? ), which can indeed take

place under the real conditions of the use of the radar.
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Fig. 1. Dispersion of measurement error of the frequency
of the packet radio pulses in the absence
of consideration of phase fluctuations

For a packet of pulses with rectangular envelope
and pair number of pulses, the dispersion error of the
measured parameter Q in the presence of only the
internal noise of the receiving device is estimated

according to expression (15) and has the form:
12
g*(@4m? -n1*

For phase fluctuations of the radio pulses of a
received pack with an oscillating correlation function, the
dispersion of the measurement error of the parameter Q
by the presence of only phase fluctuations is estimated
according to the expression obtained in [28]:

céﬂ = 180¢2/(m2 (4m2 —1)2 T2)><

5 = (20)

Y (2= (- eXp(—g(zj —1)cos((2j=DyT)) +2x
j=1

m_j T m—1
x D exp(——) Y (212 +21-1)x
=1 T

x(cos(jyT) —eXp(—%@j —1)cos((Zj +1=1yT))], (21)

where t — the interval of the correlation of the phase
fluctuation; y — oscillation frequency of the phase
correlation coefficient.

The corresponding components of the MSE of
radial velocity measurement of the aerodynamic object
can be calculated according to the expressions:

o, =(M4n)-0q,

Oupt = (k/4n)-cQﬂ.

It is of practical benefit to obtain the possible
values of the MSE components of the measurement of
the aerodynamic object’s radial velocity in the signal-to-

(22)

(23)

noise ratio q2=1000, for the cases of coherent

accumulation of short n =8, medium »n=16 and long
n =32 packets of radio pulses.

For the case of the radio waves propagation in a
randomly-heterogeneous environment, in [1, 2] the
magnitudes of the dispersion of the phase fluctuations of

a radio signal cs(zp which passed through the perturbed

Earth troposphere are given. The interval of correlation
of phase fluctuations can be t=0,1...1s.

The heterogeneities of the troposphere 100 m in
size can cause phase fluctuations with dispersion

cs(zp =1,74rad at A =0,1m for the surveillance radar at

the range of detection of aerodynamic objects over
200 km.
The troposphere heterogeneities of 100 m size can

cause phase fluctuations with dispersion cs(zp =4,8...9,7

at A =3...5 cm for the tracking radar at detection ranges
of aerodynamic objects 50... 150 km.

For the given data, the expressions (22) and (23)
can be used to calculate the component of the
measurement MSE of the aerodynamic object’s radial
velocity which are conditioned by the internal noise and
phase fluctuations of the received packet radio pulses
accordingly for n=8, 16 and 32. The results of the
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calculations of the components of the measurement
MSE of the radial velocity for the surveillance radar are
shown in table 1.

The results of the calculations of the components
of the measurement MSE of the radial velocity for the
tracking radar are shown in table 2.

The obtained results indicate that the values of the
components of the measurement MSE of the radial
velocity which are conditioned by the phase fluctuations of
the radio pulses of the received packet, can several times
exceed the components which are conditioned by the
influence of the internal noise of the radar receiving device.

Table I — Components of the measurement MSE of the

In addition to the effect of troposphere
heterogeneities, the effect of aerodynamic object
Doppler noise and multipath propagation causes an
additional increase of the fluctuation component of the
measurement MSE of the radial velocity to several units
of m/s or more. Moreover, the phase distortions of the
radar signal significantly exerts influence on the
operation of the tracking radar, causing the danger of
disruption of the aerodynamic object from the
autotracking in the range and radial velocity.

Conclusions and Directions of Further Research

There are fluctuations in the initial phases of the
received packet pulses with a normal distribution law and

radial velocity for the surveillance radar, m/s alternating correlation function when a coherent-pulse

Table 2 — Components of the measurement MSE of the

" radar is operating in real conditions. These fluctuation
Oy Syt . .

can greatly reduce the quality of the time-frequency
8 0,08...0,18 0,5...0,76 processing of a radar signal. The accuracy of radial
16 0,04...0,09 0,36...0,54 . .

velocity measurement essentially depends on the
32 0,02...0,05 0,26...0,38 .. .. .

statistical ~characteristics of phase fluctuations —

dispersion and correlation, which values determines the

radial velocity for the tracking radar, m/s conditions and the usefulness of optimizing the time-

Ju—

10.

11.

12.

13.

14.

15.

16.

frequency processing of the received packet radio pulses.
" Oy Suft Areas of further research are: evaluation of
8 0,66 1,85...6,9 influence of casual phase distortions radio of
16 0,33 1,3...4,82 nokanyonuoro signal on quality of accompaniment of
32 0,16 091...3.4 aerodynamic object.
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BB cTaTHCTHYHHMX XapaKTEPUCTHK (PIIYKTyaliid mo4aTKoBHX (a3 pagioIoKaliifHOro CHrHATY
HA TOYHICTH BUMIPIOBaHHA PafiaibHOI INBHIKOCTI 2¢pPOAMHAMIYHOIO 00'€KTY

0. JI. Ky3uenos, B. JI. Kapnos, O. B. Konowmiiines, K. B. Canoswuii, O. B. becosa

AHoTanisi. B crarri po3rnsparoTbes NMUTaHHS OLUHIOBaHHA PajiafbHOI IIBMAKOCTI NMPH BUKOPHCTAHHI KOTEPEHTHOI
IIaYKK PafioiMITyJIbCIB CTOCOBHO BUIAJIKY HAsSBHOCTI Y BIIOMTHX BiJl apOAMHAMIYHOTO 00'€KTY paJioiMITy/bcax KOPEIbOBAaHUX
¢uykryaniii nodatkoBux ¢a3. IIpeameroM BHBUEHHsS € TOYHICTh BHMIPIOBAHHS YaCTOTH NAuyKH ULl BUIIAAKY IOTOIKEHOL
00poOku Oe3 ypaxyBaHHs (asoBux ¢uykryamii i pamioimmynbciB. MeTol0 € YHCENbHUH aHaji3 BIUIMBY CTaTUCTHYHHX
XapaKTepUCTHK (IIyKTyaliil MoyaTkoBuUX (a3 palioiMIylIbCiB NPUHHATOI MAyKM Ha 3HIDKEHHS TOYHOCTI BUMIpPIOBAHHS
paliaipHOl IIBHAKOCTI aepOAMHAMIYHOrO 00'ekTy. 3aBAaHHS: OLIHUTH MOXJIIMBI 3HaueHHA (IIyKTyauifiHOI CcKi1az0BOl
CEepeHbOKBA/IPATHYHOI ITOXMOKM BUMIPIOBaHHS pajialibHOI MIBUIKOCTI aepoiaMHaMidHOro o0'exry. Posrisin npoBoauThest B
MIPUITYIIEHH], [0 HA BXiJ MPUAMAaIBHOrO MpUcTporo pamionokaniiiHoi crannii (PJIC) HanxoquTh aquTHBHA CYMIII BifOUTHX Bifg
aepoIMHAMIYHUX OO0'eKTIB CHIHANIB 1 HEKOPEJIBOBAHOrO raycoBoro Inymy. Ilepenbauaerscs, mo ¢a3oBi Qaykryamii
PalioiMIyNbCIB NPUIHATOI MAyKW PO3MOMIJIEHI 3a HOPMallbHUM 3aKOHOM 3 HYJIBOBMM CEpeiHIM, a Kopesuis (a3oBux
Gurykryaniii 3i 30UIBIIEHHSAM IHTEPBAly MiX PaAioiMITyJbCcaMH IaykKu yOyBa€ 3a 3HAKO3MIHHMM 3aKOHOM. BukopucToByBaHi
METO/M: Teopii IMOBIPHOCTI Ta MaTeMaTHYHOI cTaTUCTUKU. OTpUMaHi HACTYIHI pe3yabTaTH. IIpoBEICHO OLiHIOBaHHS TOYHOCTI
BUMIpPIOBAHHS 4acTOTH IAYKM IIPU HAsBHOCTI KopesboBaHMX (asoBux uykryawiii ii panioimmynscis. BucHoBku. OrpumMani
pEe3yNbTaTH CBifyaTh Hpo Te, 1o s cydacHux PJIC, B yMoBax peryisipHOro BUMiprOBaHH:, HA TOUHICTH OL[IHIOBaHHS 4acTOTH
[AYKW PaAioiMIIyIbCiB B 3HAYHO OUIBLIOMY CTYNEHI BIUIMBAIOTh CTAaTUCTHYHI XapakTepUCTHKU (QIyKTyauiii ¢as, umm
BiZIHOLIIGHHS CUTHAJ-IIyM. BHacnigok ¢azoBux ¢uykryaiiii pagioiMiynbsciB NpUHHATOI MauKy, CepeaHbOKBAIPaTHYHA TOXHOKa
BUMIPIOBaHHS paJliabHOI MIBUIKOCTI aepOAMHAMIYHOr0 00'€KTY 3/1aTHA NE€PEBUIIYBATH 3HAUYCHHS, SIKi BU3HAYAIOTHCS BUMOTaMU
1o xorepeHtHo-iMmysnbcHux PJIC. TTomanbimii HANPsIMOK JOCIIJUKEHb IOJArae y OLIHIOBaHHI BIUIMBY BHUIAJKOBHUX (ha30BHX
CIIOTBOPEHb Pa/liONIOKaLiiHOr0 CUTHAILY Ha AKICTh CYIIPOBOKEHHS aepOIMHAMIYHOIO 00'€KTY.

Karo4doBi cjoBa: KOrepeHTHO-IMITyJbCHA paJioNOKalliiiHa CTaHLis; Mayka paaioiMIynbcis; ¢a3oBi QiyKTyaril;
pajianpHa MIBUIKICT aePOAMHAMIYHOrO 00'€KTY; TayCOBHI IIIyM; paioioKaliiiiHe crocTepeXeHHs; e)eKTHBHICTb ONTHMI3aLi.

BimsiHpe CTATHCTHYECKHX XaPAKTEPUCTHK (UIYKTYaluii HAYaJbHBIX (a3 pasnoJ0KalMOHHOr0 CHTHAJIA
HA TOYHOCTH H3MEPEHHsl PAIHAJILHOI CKOPOCTH a3POINHAMMYECKOr0 00beKTa

A. JI. Ky3uenos, B. /1. Kapnos, A. B. Konomuiines, K. B. Canossiii, O. B. becosa

AHHOTanmusA. B craree paccMaTpHBaroTCsl BOIIPOCHI OLEHUBAHKS PaIHAIBHON CKOPOCTH IPH UCIIONB30BaHUH KOI€PEHTHOM
MaYKH PaJUOMMITYIIECOB TPUMEHHTENIFHO K CITy4al0 HAIMYHS B OTPAXKEHHBIX OT a’pOIMHAMIYECKOr0 OOBEKTa PaIrOUMITYIbCax
KOPPEIHUPOBAaHHBIX (IIyKTyalnii HadainbHbIX (a3. [IpemMeToM H3ydeHUs SIBISETCS TOYHOCTh M3MEPEHMsS] YacTOTHI MayKH JUIs
Cllydasi corjlacoBaHHOM 00paboTku Oe3 ydera (a3oBbIX (hIyKTyanumii ee paanonMITyibcoB. Llesblo sSIBISIeTCS YHCISHHBIN aHam3
BIIMSTHUSI CTATUCTHYECKUX XapaKTEePUCTHK (IIyKTyanuidi HayaabHBIX (a3 pauouMITyIbCOB IPUHATOH ITa4YKi Ha CHIDKEHHE TOYHOCTH
H3MEPeHUsI PaJualbHOM CKOPOCTH a’pOAMHAMHYECKOro oObekTa. 3amada: OIEHWUTH BO3MOXKHBIE 3HA4YeHHs (PIIyKTyallMOHHOI
COCTaBIISIIOIIEH CpeTHEKBAIPATHIECKOH OIMOKNA M3MEPEHNs PaJualbHOW CKOPOCTH a’pOoiMHAMUYecKoro oobekra. PaccMorpenue
MIPOBOJUTCS B TIPEATIONIOKEHNH, YTO Ha BXOJ| IPUEMHOI0 yCTpoicTBa paanonokanuonHoi cranmuu (PJIC) mocrynaer agauTuBHas
CMECh OTPaKCHHBIX OT adpOAMHAMHYECKUX OOBEKTOB CHI'HAJIOB M HEKOPPEIHPOBAHHOIO rayccoBo myma. [Ipexnonaraercs, 4ro
(a3oBble (uIyKTyalMu paavioMMITYJIBCOB MPUHSATON MAYKH paclpesiesieHbl [0 HOPMAIBHOMY 3aKOHY C HYJEBBIM CpPEIHHM, a
Koppersiust - Ga3oBbIX  (QIYKTyallid C  yBENMYCHHMEM HHTEpBaja MEXAy paJdOUMITYIbCAMH IIA4KH YOBIBaeT IO
3HAKOIIEPEMEHHOMY 3aKOHY. lcronmb3yeMble MeTOAbI: TEOPHM BEPOSTHOCTH M MaTEeMaTHYeCKOH CTaTUCTHKH. [lomydeHs
clieyromue pe3yJabTarsl. [IpoBeseHO OleHMBaHWE TOYHOCTH M3MEPEHMs 4acTOThl MAayKH IMPU HAIWYUM KOPPEIMPOBAHHBIX
¢da3oBbIX (UIyKTyanuii ee paauonMIryiabcoB. BeiBoabl. [lomydeHHBIE pe3ynbTaThl CBHIETENIBCTBYIOT O TOM, 4YTO IS
coBpeMeHHbIX PJIC, B ycIOBHSIX perylsipHOrO HW3MEpeHWs, Ha TOYHOCTb OICHUBAHHS YacTOTH IAYKU PaJHOMMITYJIbCOB B
3HAUUTENFHO OOJNBIIEH CTENEHH BIMSIOT CTaTUCTHYECKHE XapaKTEPUCTHUKH (UIyKTyanuid (a3, ueM OTHOMICHHE CHIHAJI-IIYM.
BcenencrBue ($ha3oBbIX GUIyKTyanuii pagrouMITyIIECOB IIPUHSTOMN ITAYKH, CPpeTHEKBaApaTHIecKas OMMOKa H3MEpEHHNs paJHaTbHON
CKOPOCTH a3pOIMHAMHYECKOTr0 00BEKTa CII0COOHA MTPEBBIIATH 3HAYECHHSI, KOTOPBIE OIPEICIISIOTCS TPEOOBaHUSAME K KOT€pPEHTHO-
nmiyinbeHbIM PJIC. [lanpHelee HanpaBiieHUe UCCICIOBAHUN JIEKHUT B OLCHUBAHUN BIIMSHHUS CIyJaiHBIX (pa30BBIX HCKaXKEHUI
PBANOJIOKAIIMOHHOT O CHI'HAJIa HAa KAYeCTBO COMPOBOKACHHS a9POJUHAMHIECKOT0 O0BEKTa.

KaoueBble ca0Ba: KOrepeHTHO-UMITYJIBCHASI PaJMONOKALMOHHAS CTAHIMS; I1ayka paJdOMMIIYILCOB; (a30BbIe
¢GuryKkTyanuy; paauanbHasi CKOPOCTh adpOJMHAMUYECKOIO OOBEKTa; TayCCOBBIM IIyM; paJUOJIOKAIIOHHOE HaOII0IeHHE;
3 (PEeKTUBHOCTH ONTUMH3ALHN.
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