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THE STOCHASTIC MEASUREMENT DEVICE
FOR THE STUDY OF NON-UNIFORMITY OF THE ION FLUX.
V.V.Afonin, N.F.Smirnova
Space Research Institute, Academy of Sciences

K.Kubat, Ja.Shmilauer
Geophysical Institute of Czechoslovak Academy of Sciences

The paper considers a method of stochastic measurements for spect­
ral analysis of plasma ion oscillations measured by retarding
potential analyzers (plain ion traps) and describes a device
which will be used in the experiment on cold plasma measurements.

The experiment with similar sensors was made on the geophysical
rocket "Vertical-IO" /1/, which was launched on Dec. 21,'1981 in
the Volgograd region tQ a height of_1S00 km. As is shown below
these measurements can y~eld very' interesting data on the iono­
sphere plasma behavior ·on the wave processes in theionQsphere,
obtained from the spectral analysis of the ion tr~p collector
current. These results will be described in more detail else­
where.

The ion trap (retarding potential analyser or multigrid Fara­
day cup) measures the ion flux n.v entering the input 9perture
(n - ion density, v - ion velocity relative to the trap). so the
spectral analysis of this value can provide information either
on the space distribution of density non-uniformities due to: the
wave process' or on the regular particle velocity variations
(with constant density) - i.e., on wave processes.
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Fig.1 shows as an example two energy spectra of the thermal plas­
ma measured simultaneously by two oppositely directed (upward

and downward) ion traps on the geophysical rocket "Vertical-10",
Fig.2 gives the results of spectral analysis' of the "tails",

i.e., of the ion flux with E 'l6 eV in the frequency range

O.. 200 Hz. The collector current interrogation rate was equal

to 400 s-l, the amplification was made by the direct current

amplifier with three automatically switched ranges and a sensi­

tivity of 3.3.10- 13 A/bit. For the spectral analysis 512 points
of the i,v-curve were used, acquired during 1 sec. The spectra

comprise the isolated peaks at a frequency of 126 Hz, approxi­

mately by two orders of magnitude higher than the noise level
(of the instrument, TM-channel etc.). Furthermore, during the

ascent of the rocket.side peaks appear in addition to the iso­

~ated peak (the monochromatic wave)~ and the turbulization of

a monochromatic wave is observed - the appearance of the noise

bands and a number of 24 Hz frequency harmonics (up to 8 har­

monics). During the flight ~500 spectra were acquired. To make

the picture more spectacular a chronospectrogram was construct­

ed - the averaged spectra with a small shift in the vertical

direction (Fig.3).

Therefore the ion tr~p data can be used to derive qualitative­

ly new data on the wave processes in the ionosphere.

These data can be obtained at a high sampling rate of the cur­

rent collector. If the process are studied with a maximum fre­

quency F it is necessary, as it is well known, to have a sam­

pling rate not less than 2F which calls for the considerable

amount of TM data.

This paper proposes to use a method of stochastic measurements

aimed to decrease twice the necessary amount of the TM-data

(or, what is the same, to expand by a factor of two the frequ­

ency range at hand with the same data amount).

The "ACTIVNY" satellite launched on September 28,1989 carried

the experiment KM-6. This, experiment comprises the retarding po­

tential analyser which provides the measurements intended for

the spectral analysis of RPA saturation current.
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Fig.1 Two energetic spectra of the ionospheric plasma measured
simultaneously by two oppositively directed (up and down)
retarding potential analysers aboard the geophysical
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2. THE METHOD OF STOCHASTIC MEASUREMENTS

The discretiza~ion is the necessary condition of measuring a
continuous parameter, i.e. transfer to the sequence of the pa-

rameter values samples at definite moments of time. If these
moments are equidistantly spaced then we say about periodic or

uniform sampling.

If in this case any process is studied with a time, step A t,
the spectral analysis does not allow detecting frequencies high­

er than 1/2./J.t as at least two samplings are necessary for each

period. The limited frequency FN = 1/2.:1t is called Nyquist
frequency. The essential drawback of uniform sampling in case,
for example, of spectral analysis, is the so called aliasing ef­

fect, when it is impossible to discriminate frequencies F,

'2FN~F, 4FN~F and so on. It means that if some spectrum has a
peculiarity at frequencies 2FN!F, 4FN~F and so on then as a

result of the spectral analysis this peculiarity will appear at
a frequency F in the range 0 .. FW" studied. So if the necessa­

ry discretization frequency is not ensured the aliasing effect

significantly distorts the spect~um.

Stochastic discretization\ intentional~y uses random sampling

in the process of measurements. In this case the times of con­

tinuous signal sampling are spaced by random intervals. Sto­

chastic measurements allow Dne to eliminate the frequency ali­

asing effect using a relatively low average sampling rate. The
method of stochastic measurements is well described in /2/ with

detailed bibliography.

Stochastic measurements use not equal but random time inter­
vals At. In /3/ it is recommended to define sampling times ac­

cording to the following expression: t k = t k + Uk where Uk
are the independent uniformly distributed random values with the

mean value ~, the conditions are given for sampling times se­
quence (tk). In /4/ it is shown that stochastic measurements

with the average frequency 1/u and time quantum ~ are equi­

valent to the unif~rm sampling with the frequency f d = dIu

where d = u/~ , i.e. f d = 1/v. It means that the frequency

range is expanded by d times.
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An idea of the stochastic measurements method has appeared long

ago (20 years old references can be noted) nevertheless this

method is used extremely rarely. Partially it is due to the fact

that intentional introduction of randomness into measurements

can give both positive and negative results if it is formally

used. Therefore the stochastic devices should be designed tak­

ing into account the characteristics of measured values.

Our paper deals~with the method of stochastic measurements used

for twofold TM-data reduction. The data are transmitted from

the retarding potential analyser for spectral analysis of ion

flux oscillations in the ionospheric plasma.

3. TEST OF THE POSSIBILITY OF IMPLEMENTATION OF

THE STOCHASTIC MEASUREMENTS. METHOD IN STUDYING

THE PLASMA ION OSCILLATION SPECTRUM

This possibility is built around studying of ~eal-time data ob­

tained with the retarding potential analysers aboard the geophy­

sical rocket "Vertical-IO",

Fig.4 gives a comparison of the ion current spectral density in

the frequency range 0 .. 200 Hz calculated from "Vertical-l0" da t-a

with the use of all samples (sampling rate 400 s-l, 512 points)

and a half of them randomly taken (dotted curve). The spectral

density was derived by the FFT (Fast Fourier Transform) method.

In Fig.S the dotted curve from Fig.4 (256 random saples) is com­

pared with the spectral density calculations when the input data

have only a half of samples with a rate of 400· s-l (256 uniform

samples). The solid curve shows a spectral density of t~e mea­

surements when each second sample is omitted, i.e., for un~form

sampling with a rate of 200 s-l. These measurements ~llow for

spectral analysis in the frequency range 0 .. 100 Hz. Fig.S clear­

ly demonstrates a frequency aliasing effect. The peak 126 Hz

appeared at a frequency· of 74 Hz = (200-1~6)Hz. The dotted curve

shows the spectral density for measurements with an average fre­

quency of ZOO s-l taken not in the uniform but in random way.

In this case the frequency altasing does not occur.
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The dotted curve from Fig.4 is ~ompared with spectral density
calculation when the input data have only a half of samples
"with a rate of 400 sce- 1 (256 random samples). The solid
curve shows a spectral density when each second sample is
omitted, i.e., uniform sampling at a rate of 200 s-l. This
Fig. clearly demonstrates the effect of frequency aliasing
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These Figures show that the application of the stochastic mea­
surement method yields practically the same result but with
two fold reduction of TM-data. The peak h~ight in this case is
somewhat less and "noise" is slightly higher than in the ori-

ginal spectrum.

The appearance of Hstochastic noise" is clean since the conver­
gencevelocity of Fourier series is determined by~:the function
smoothness. The functions with a simple discontinuities and
with straight-line segments between them produce the Fourier
series whose coefficients falloff as 11k. If the function has
a continuous first derivative the coefficients falloff as
l/k2 (k-length of the series). In general case if the function
has a continuous m-th derivative the coefficients falloff
as l/k~+l 15/.

"FOT this reason higher than two fold telemetry reduction is not

always reasonable.

4. DESCRIPTION OF THE STOCHASTIC MEASUREMENT DEVICE
FOR STUDYING THE ION FLUXNON-UNIFO&~ITY IN THE
IONOSPHERE

. Given below is the brief description of the device. for study­
ing ion flux non-uniformity in the ionosphere using the sto­
chastic measurements.

In this device the measurements aimed for spectral analysis
of the plasma ion oscillations are made with the use of the sto­
chastic sampling. The random samplings are made with the use
of a sequence of "0" and "1" complying with the requirements of

randomness.

The pseddo-random binary sequence should have in each period
an equal number of "0" and "1" and the subsequences Q:f the same
values should appear uniformly, i.e., a number of th~ ~ubsequen­

ces of length 1 (0 or 1) should be equal NIl and the number of
the subsequences of length 2 (00,01, 10, 11) shoul~ ~ equal
N/4 and so on, where N is the period length.

The pseudo-random sequence can be made with t he 1IIIH ~f- any ge­
nerator of random numbers uniformly distribut~~ ~ IQ,11 inter­
val. If the generated value is less than 0.5 then in binary se-



- 55 -

quence the value should be set to if it is more than 0.5 to
o (or·vice versa), .If thus formed sequence is long enough,all

randomness requirements will be met. The binary sequences exist

which comply with these requirements by the method of their con­

struction. "They are for example, the so called difference cod-.

es (a method of their\construction is given in /6,7,8/.

The main feature of the difference code is the long period so

the pieces of these sequences can be used to. discriminate a

large number of elements. In /6/ an example is given in using

such code with the length 1023 for meteorological studies near

Calcutta (the remote stations were coded by pieces of this

code with length 10). The difference codes are used also in

the satellite communication systems.

Inasmuch the measurements of the ion flux is a continuous pro­

cess (the RPA collector current is measured by the DC amplifier)

they are made "in accordance with a random sequence of ·/to"
(sampled value is not stored) and "1" (sampled :value is stored)

meeting the requirements of randomness.

The measurements are made in the following way. After amplifi­

cation by a multirange amplifier tpe RPA the collector current

is sampled at a frequency 2048 Hz and only 1024 of these values

are stored in RAM in accordance with the stored in ROM pseudo­

random sequence of "0" and "1" of length 2048 comprising only

1024 of "1".

The block diagram of the device is shown in Fig.6.

IRAMI
10 KB

Fig.6 The instrument KM-6 Project ACTIVNY

Functional block-diagram of the ion current

fluctuation measurements
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CfOXACfH4ECKOE YCTPOffCTBO JlJI5I I13Y4EHI151
CllEKTPOB KOJIEBAHI1ff I10HOB nJIA3Mbl

B.B.A4>OHHH. H.<I>.CMHpHoBa
HHCTHTyX' KOCMHlIeCKHX HCCJIenOBaHHH AH CCCP

K. Ky6aT. }I. WMHJIay3j>
feo4>H3HQeCKHH HHCTHTyT AH 4CCP

1.BBElIEIrnE
B 3TOA padoTe paCCMaTpHBaeTC~ npHMeHeHHe MeTO~a CTOXaCTHQeCKOa

nHCXpeTHSauHH npH npOBe~eHHH CneKTpanbHOrO aHaHH3a Kone6aHHA HOROB

nna3~. H3MepHeMNX aHanH3aTOpOM C TOPM03~M noTeRUHanOM H

OnHcaHHe YCTpoAcTBa KOTOpOe 6y~eT npHMeReHo B KOMTIneKCHOM

3KCUepHMeHTe no H3MepeHHD napaMeTpoB xono~HoA nna3~.
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8KcnepHMeHT C aHaJIOrH~NMH ~aTqnKaMH 6Nn npOBe~eH Ha
reO~H3Hl.leCKO~ paKeTe "B~pTHKaJIb-10" [ll , KOTOpaji 6btJIa 3anym.eHa 21
~eKa6p~ 1981r. B pa~oHe r .. Bonrorp~a Ha B~cory ~o ~1500KM. KaK
nOKa3aHO HHXe, 3TH H3MepeHHjI MOrYT ~aTb Ol.leHb HHTepeCHYJ)
HHWoPMauHD 0 nOBe~eHHH HOHOC~PHO~ nna3~ - HHWoPMauMD 0 BOJIHOB~

npoueccax B HOHOC~pe, nOJIYl.leHHyD H:3 CneKTpaJIbHOrO aHanH3a
KonneKTopHoro TaKa nOByweK. nO~p06HO 3TH pe3YJIbTaT~ 6y~YT onHC~

B ~pyrOM MeCTe.
HOHHa~ nOBymKa CHJIH, HHal.le, aHanH3aTOp C TOPM03~~M nOTeHUHaJIOM

HJIH MHOrOCeTOl.lHb~ UHnHH~p ~apa~e~) H:3Mep~eT nOTOK ·HOHOB n·v
nona~aDmHX Ha BXO~Hoe OTBepCTHe C n KOHueHTpaUM~ MOHOB. v -,
CKOpOCTb HOHOB OTHOCMTeJIbHO nOBywKH ), n03TOMY cneKTpaJIbHNa aHanH3
3TO~ BenMl.lMH~ MoxeT ~aTb CBe~eHH~ JIHOO a npOCTpaHCTBeHHOM
pacnpe~eneHHH HeonHoponHOCTe~ KOHueHTpaUHM, B~~~aeMNX BOJIHOBNMH
npoueCCaMH, TIR60 0 3aKOHOMepHbcr H3MeHeHMjJX CKOpOCTM l.laCTHU CnpH
nOCTO~HHO~'KOHueHTpaUMH),- T.e., 0 BOJIHOBbIX npoueccax.

B Kal.leCTBe npMMepa Ha PHc.1 nOKa3aH~ ~Ba 3HepreTHqeCKHX cneKTPa
TennOBO~ ITna3MN. 3aperHCTpHpOBaHHMe O~HOBpeMeHHO nBY1~ 'HarrpaBneH­
H~ B npOTHBOrrOnOJKH~e CTOPOH~ CBBepx H BHH3) HOHHNMH nOBywKaMH ~a

reocpH:3HQeCKotl paKeTe "BepTHKaJIb-l0", a Ha PHc.2 pe3YJIbTa'rN
CneKTpaJIbHOrO aHa..ml:3a TOKa "XBOCTOB", T.e. nOTOKa HOHOB C E~6 sB
B nonoce QaCTOT 0.. 200 rU. qacToTa onpocaKonneKTopHoro TOKa
400c-1, a yCMJIeHMe oc~ecTBn~nocb yCMJIHTeJIeM rrOCTOF.HHOrO TaKa C

Tpe~ aBTOMaTMl.leCKM nepeKnDqae~ WKanar~ H ~7BCTBMTeJIbHOCTbD

3.3.10-13A/dHT. CrreKTpaJIbHOMY aHaJIH3Y rrOnBepraJIHCb 512 ToqeK

BO~bT-aMnepHoM xapaKTepMCTMKM, T.e .. MH~opMa~Mfl; rro~yqeHH~ sa HeMHO­
rMM 6o~ee 1 c. B CITeKTpaX MOHH~X nOTOKOB MMeIDTCfl M30~MpOBaHH~e

nMKM Ha qaCTOTe 126 r~; npM6~MsMTe~bHo Ha 2 nopH~Ka np8B~lliaIDmMe

YPOB8Hb wyMa CnpHoopa, TM-KaHana H: T.n:). KpOMe Taro, no Mape
rro~~eMa p~~eT~. nOMHMO H30JIHpOBaHHoro ilHKa CMOHOXPOMaTHQeCKOa
BonHbY) rrO~Bn.JIDTC~. ~Q.!]OJIHHTenbHhIe C60KP_Bl:Ie) . nMKH:, BH~Ha

TypoanH3aUH~ MOHoxpOMaTHqeCKotl BOJIH~ - nO~BJIeHv.e WyMOBbIX nonoc H
B03HHKHOBeHHe Ha 3TOM WoHe p~~a rapMOHHK l.laCTOThI 24 ru (no 8 rap­
MOHHK). 3a Bpel~ rroneTa ohIno rronyQeHO ~500cneKTpoB. nn~ rronyqeHHjI
60nee Harn~~Hoa 'KapTHH~ 6hIna rrocTpoeHa xpoMocrreKTporpaMMa

ycpenseasse cnexrpa C HeOOJIbWHM C~BHrOM no BepTHKaJIH.._ xoropas
noxaaasa aa Pzc. 3.

TaKHM oopa30M, naHH~e HOHHO~ JIOByWKH MOrYT O~b HcrrOrr~OBaH~

~n~ rronYl.leH~~ KaQeCTBeHHO HOBOa ~HCPOPMauHH - 0 BO~HOB~X rrpoueccax

B 110Hoc<tJepe.
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An~ nOHyqeHY~ TaKYX ~a~H~ Heodxo~RMO RMeTb ~OCTaTO~O B~COKYD

~aCTOTY onpoca KOrrneKTOpHOrO TOKa. ECnR MN XOTKM nCCne~OBaTb

nponecc~ C MaKCHManbHOA qaCTOTOR F, TO, KaK R3BeCTHO, Heo6xolHMO

RMeTb qaCTOTY onpoea He MeHee 2F, qTO Tpe6yeT 3HaQYTeHbHOro o6~eMa

TM-HHg)opMaUHH.

B ~aHHOa pa60Tee C uerrbD YMeHbweHR~ Heo6xo~HMoro 06~eMa TM-HH­

~pManHH B 2 pa3a CHrrH, ~O TO ~e, pacwHpeHH~ norroc~ Hccne~yeMNX

~aCTOT B 2 pa3a npH TOM ~e 06~eMe TM-HHWOPMaUHH) npe~rraraeTC~ HC­

nonb30BaTh MeTO~ CTOXaCTyqeCKOR ~YCKpeTH3aUHH, KOTOP~, KaK H3­

seCTHO aBTopaM. B 3KcnepHMeHTaITbHOa rrpaKTHKe HCnOnb3yeTc~ KpaAae

pemco.
Ha cnymaxe "AKTHBHbIil" C aanycx 28 cearaopa 19S9r.) npOBO~HTCJI

3KcrrepHMeHT ID~-6, B COCTaB KOToporo BXO~HT rrnOCK~ HOHHag nOByruKa,

~nH KOTOPO~ npe~ycMoTpeHo B O~HOM H3 pe3llMOB pa6oT~ npH60pa

B03MOXHOCTb H3MepeHH~ ~n~ npOBe~eHY~ CneKTparrbHOrO aHanH3a TOKa

saChIJ!I,eHH$1.

2. CYIIlHOCTb METOlIA CTOXACTWIECKOJ.i1 JillCKPET113AIImi
Heo6xo~H~llim ycrroBHeM rrpouecca H3MepeHH$1 HenpepbffiHoi Be~Hg

~BnHeTC$1 ~HcKpeTH3auH$1, T.e. nepexo~ K nOCRe~OBaTeHbHOCTR ee

3Ha~eHHR , B3$1TbIX B ~CKpeTHNe MOMeHT~ BpeMeHH. ECJIH 3TH MOMeHThI

BpeMeHH pa3neneHN paBHNMH npOMexyTKaMH, TO HMeeT MeCTO

nepHOnH~eCKa$f KITH neTepMHHHpOBaHHa~ ARCKpeTH3aUH~.

ECRH B 3TOM cnyqae npn HCCne)lOBaHRR KaKoro-nH60 npouecca

nHCKpeTH3aUHH npOBO~HTCH C warON no BpeMeHH At, TO B pe3YHbTaTe

cneKTpanbHoro aHanH3a HeB03MOXHO o6HapyXHTh qaCTOT~, 60ITbWHe, ·~eM

1/2L\t, TaR KaR Heo6xo~HMO. no KpaaHea xepe I nsa Ha6nD~eHH$1 aa

nepHon. ilpeAeITbHag. BenH~a FN=l/2At. Ha3HBaeTC$1 ~acTOToA

Ha~KBHcTa. CymecTBeHHMM He~ocTaTKOM rrepROARqeCKO~ nnCKpeTH3auHH B

cnyxae. aanpxxep, CneKTpaJIbHOrO aHaJIH3a, gJ3mieT~ Tal<: H~3~aeMb11t

3~KT Harro~eHHH qaCTOT, 3aKnDqaDmHaC~ B TOM, qTO npR npOBe~eHHH

cneKTp~lbHoro aHarrR3a HeB03MOXHO pa3nR~Tb ~aCTOT~ F, 2FN±F, .4FN±F
H T.~. 3TO 03Haq~eT, ~o eCnH B cneKTpe HMeeTC$1 ocd6eHHOCTb Ha

'qacTOT~X 2FN±F,4FN±F Ii T.~., TO npu npOBeneHHH CneKTpaJIbHoro

aHaITH3a aHa npORBHTC~ B Hccne~yeMoM nnana30He qaCTOT O.. FN Ha

qaCTOTe F. IT03TOMY, eCnR He y~aeTC$1 06eCrreqUTb Heo6xonHMYD qaCToTy

~RcKpeTM3allHH. TO 3~KT HanOXeHH$1 qaCTOT 3Ha~TeHbHO 'HcKaxaeT

cnexrp.
CTOXaCTHQeCKa$1 AHcKpeTH3agR$1 npennonaraeT npe~aMepeHHOe

BBe)leHHe cnyq~ocTH B nponecc H3MepeBYA.. npm CTOXaCTH~eCKOA

)lHCKpeTH3aIl,RH MOMeHTbl BpeMeHH. B KOTOpbIX H3Mep$1eTC$1 Henpep~HhII
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carHan, pa3~eneHM He nOCTO~HMMH, a cny~a~HHMH npOMe~YTKaMH

BpeMeHK.

CToxaCTK~eCKa~ ~KCKpeTK3auH~ n03Bon~eT yCTpaHHTb 3~KT

HanO%eHHH qaCTOT npH OTHOCHTeHbHO HH3KO~ cpe~He~ ~aCTOTe

~KCKpeTH3aUHH. MeTon CToxaCTH~eCKO~ ~HCKpeTH3aUHH XOpOlliO onHcaH B

[2], H TaM %e HMeeTCH ~OCTaTO~O no~podHaH dH6nHorpaWH~.

TIPH CToxaCTH~eCKO~ ~HCKpeTH3auHH HHTepBan BpeMeHH ~l RBn~eTC~

He nOCTO~HO~, a cnyq~HO~ BenHqv.HO~. B [3] peKoMeH~yeTc~ MOMeHT~

~HcKpeTH3aUHH onpe~enRTh no WoPMYne lk=lk+~k' r~e ~k - He3aBHCH~e,

OnHHaKOBO pacnpe~eneHHMe cnJqa~HMe BenH~MHM co cpe~HHM 3HaqeHHeM

~. H npHBO~HTCH ycnoBM~, KOTOP~ llonxeH ynoBneTBopRTh nOTOK To~eK

~HcKpeTH3auMH {lk}' B (4] nOKa3aHO, qTO CToxaCTM~eCKa~ llHcKpeTH­

3auH~. co cpenHe~ qaCTOTO~ 1/~ ~ KBaHTOM BpeMeHH v B npe~ene 3KBK­

BanedTHa paBHOMepHo~ llHcKpeTH3aUHH C ~aC?OTO~ fd=d/~ , rlle d=~/v,

T.e. -fd=l /v. Cne~oBaTeHbHo, nonoca qaCTOT paclliHpReTc~ B d pa3.

Mne~ MeTona CTOXaCTHqeCKO~ llHcKpeTH3aUHM B03HHKna llOCTaTOqHO

naBHO (MOKRO YKa3aTh Ha padoT~ 20-neTHe~ llaBHOCTH), HO TeM He

MeBee B rrpaKTHKe KOCMMQeCKHX HCCnellOBaHH~ STOT MeTO~ npHMeHReTC~

Kp~He pe~KO. . ~CTH~HO STO MozeT dNTb CBR3aHO C TeM qTO

npenHaMepeHHoe BBe~eHMe cnyqa~HocTH B H3MepeHHR Mo~eT rrpHBeCTH KaK

K nOHOXHTenhH~, TaR H K pe3KO OTpHuaTeITbHMM pe3ynbTaTaM rrpH ero

WoPMarrbHOM HcnOJrb30BaHMH. TI03TOMY CToxaCTR~ACKHe YCTpO~CTBa

He06xonHMO pa3padaTNBaTb C yqeTOM XapaKTepa M3Mep~eMMX BenH~H.

B ~aHHO~ padoTe rrpe~naraeTCR npHMeHHTb MeTOll CToxaCTH~eCKO~

llHCKpeTH3auHH c ueRbD 3 KOHOMMM TM-MH~pMaUH~ B llBa pa3a npH

nepellaqe ~aHHNX. no~eHHNX rrpH nOMO~ aHanH3aTopa C TOPM03R~M

nOTeHUMaROM, nRR npOBelleHMM cneXTpanbHoro aHanH3a KonedaHH~ MOHOB

nna3MbI.

3.llPOBEPKA B03MO*HOCTM PEAHM3~ METOnA CTOXACT~CKOH

JrnCKPETVI3AIIYIM J])I5I V13YtIEHIDI CIIEKTPOB KOJIE13Affi1l7f MOHOB IUIA3MbI
B03MOXHOCTb peanH3aUMM 3Toro MeTo~a OCHOBNBaeTC~ Ha HccnelloBa­

HHH peanbH02 HHWoPMaUHM, nonyqeHHoH npH rrOMOmM aHanH3aTOpOB C

TOpM03mnHM nOTeHUHanOM Ha reOWH3MqeCKO~ paKeTe OIBepTMKaJIb-l0".

Ha PHc.4 npoBe~eHO CpaBHeHHe pe3ynbTaToB B~McneHHH CrreKTpaRb­

Hot rurOTHOCTH HOHRoro TOKa no .u.aHHbIM C paReTM OIBepTMKanb-l0" B rro­

nace qaCTOT 0.. 200 ru C HCnOnb30BaHMeM Bcex H3MepeHH~ (C qaCTOTO~

400 C -1, 512 H3MepeHK2) K nonOBHHM, HO B3~Tb~ cnyqa~HO (rryHKTHp­

H~ KpHBaHJ. CneKTpanbHaH nnOTHOCTb onpellenRnacb MeTOllOM Bn~.

Ha PHc.5 nYHKTKpHa~ KpHBa~ C PHc.4 (256 K3MepeHK2,cnyq~Hag

B~6opKa) CpaBRHBaeTCH C pe3YnbTaTaMH B~cneHH~ CneKTpanbHOA
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PRe. ~ nYaKTHpHaB KpHBaB c PHc.4 - 256 H3wepeHHA. cnyqaAHaR BN60pK3
CpaBHHBaeTCJI c pe3ynbTaTaNH BIitIHCneHHJI CneKTPaJIbHOA nnOTHOCTJI no TaKOwy ze
KOJIH'QecTBy K3NepeHHA c paBHONepHoA AHcxpeTH3aUHeA. Hano BHAeH 3~KT HanoaeHHH
ttaCTO'l' II CJIYt{ae paBHONepHoA JUSCKpenr3au,HH
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UJIOTHOCTH. KOr,tta B ,ttaHHhJX CO.nepDTC${ TOJIbKO nOJIOBHHa H3MepeHHA C
lIaCTOTOA 400 C -1 (256 H3MepeHHA, pasaosepaaa ,ttHCKpeTH3auHJI C
lIaCTOTOA 200 c -.1) - CIIJIOlDBas JUmU${. TaKHe H3MepesHJI n03BOmDJT
npcaecra cneKpaJIbHbl:A: aHaJn(3 B nonoce ~aCTOT 0.. 100 fI1. Ha Puc. 5 .
osa ,neMoHCTpHPyeTcH 3~KT HaJIO:leHMH tIaCTOT. llHK 126fu. nonanaer
sa qaCTOTY 74fu=C200-126) fu. llYHKTHpOM 0003HaQeHa CneKTpaJIbSaH
UJIOTHOCTb, Kor,tta H3MepeSH$! 6epYTCH co'cpenHe~ qaCTOTOA 200 C -1
HO He paaaosepso, a CJIY'laAHw 06pa30M. B 3TOM cnyxae HaJIOXeHHH
lIaCTOT B ClleKTpe He npOHCXO.ttHT.
~ BH.ttHO H3 3THX PUCYHKOB. npHMeHeHHe MeTO,tta CTOXaCTUqeCKOA

nHCKpeTK3aU,HH nOSBOJIHeT nOnyqHTb npaKTUQeCKH TOT xe pesyJIbTaT, HO
!!m1 MeHbweM B ~ Ra3a KOJIHqeCTBe !M-HHgJopMalunt. llpu ~TOM BIiCOTa
mnca BecKOJlbKO MeHbwe, a "wyu" CJIerKa BbIl.lJe. qeM B HCXO,ItHOM
cnexrpe.

Bo3BH1CHOB~HHe "CTOXaCTH'lIeCKOrO IDYMa II nOHJITHO, TaK KaK CKOPOCTb
'CXOJUD(OCTH pSl,ua typ:oe onpe,tleJIHeTCH rJIa,ItKOCTbD epYHKUD sa
.ueICTBBTeJIbHOA OCH. tymaum C npocTIDm paapssaxa H npn£OJIHHe~HblMH

yqaCTlCaMH Meqy pa3pl:lBaMH ,ltaDT P${,ltbI ¢>ypbe C K03~1iUHeSTaMH,

y6r:ma»1l\HMH RaK l/k, a K03~eHTbl P${,nOB ,ItJI${ aenpepasmsx JIOMaHbtX

ydHBaDT KaK l/kG Ck - ~a p~a). B 06~eM cJIY'qae K03~HUHeHTbt
t,ypbe ydSBaDT KaK l/km+ JtHH epYHKUH~, Y KOTOpblX m-g npOH3Bo,nsa${

KyCOtUIO senpepliBHa (CM. [ 51) .. no 3TOA IIpH1:WHe pHCKOBaHHO 3KOSOMHTb
"TeJIeMeTPHD 6oJIbU1e, qeM B }.lBa pasa.

4.. Om£AHME CTOXA~fO YCTPOl'ICTBA W ~~ HEOlIHOPO,lIHOCTEH
mtOKA WJHOB B HOHOCtEPE

IIpJlBeJlell OqeH& ltpaTKOe ~IDfCaHHe yCTpoAcTBa JUI${ H3yqeBIUI
seo,1lHopouoc-rel IlO'1'OKa HOHOB B Hosoccpepe c HCII0JIb30BaBHeM

C'l'OXaCTJl1leClW1l JlII~:
B 3T01l ycTpOlCTBe R3MepeBU, npe,ltHaSHa'lIeHHbte .ttJm.npoBe,tteHWi

cueKTpax&Boro aHanH3a KonedaHHA HOHOB ITJIa3Mbt. KO,ItHPYDTC${ C HCnOJIb-
I

30BamteM CToxacnNecKoA .ttHCKpeTH3aU,HH.
ling nonyqemur ~oA :sbtdopKH H3MepeHHA HCnOJIb3yeTC${ nocneno­

BaTeJIbHOCTb H3 uynel B e,ttHHHU, Y~OBJIeTBOpSD~aH KpHTepKSM

·~aaHOCTH.

llceB,ttocnyqaAHas ~OKQBaH nOCne,ItOBaTeJIbHOCTp ,ltORIHa co,ltepsaTb B

~OM nepHo,tte nOJIOBHHY HYXet H e~HHU, npHqeM nOCJIenOBaTenbHOCT~

H3 owmaKOBHX lUI~p Ccepd) ,ltOJIDlJI scrpesarscs pasacsepao, T. e.
mJDIlIeCTBO cepo Jl}IlIHli 1 (0 HJIH 1) nODRO 6bt'l'b N/2, KOmNeCTBO
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cepRa_~nHH~ 2 (00, 01, 10, 11) ~onXHO 6NTb N/4 H T.n., rne N
~nRHa nepKo~a nocn~OBaTeHbHOCTH.

TIceB~ocnyqa~Hyn ~BOK~YD nocne~OBaTenbHOCTb MOXEO o6paSOBaTb C
nOMOmbD nD6oro reHepaTopa cnyqaaHWX ~cen, paBHoMepHo
pacrrpe~eneHH~ Ha oTpesKe [0,1]. ECnM reHepRpyeTCg crryqa~Hoe

~cno, MeHbwee 0,5 ,TO B ~BOK~Oa nocne~OBaTenbHOCTK H~O HanKcaTb
1, a ecna oorrsuiee 0,:5 , TO 0 (KIm aaooopor) , ECnM rrOCJIe~OBaTeJIb­

HOCTb, 06paSOBaHHa~ TaKKM odpaSOM, llOCTaTO~O ~~HHag, TO ~JIg Hee
6y~yT BRnOnHaTbC~ Bce KpRTepKH cnyqaaHOCTH. CymecTByDT ~BOR~~e

nocne~OBaTenbHOCTH, KOTopwe ynoBrreTBop~T KpKTepRHM cny~aaHocTR no
nOCTpoeHRD. HarrpHMep, pa3HOCTHWe KOll~, cnocod rrOCTpoeHKS KOTOP~_

K3JIOXeH B [6,7,8].
OCHoBHoe CBO~CTBO pa3HocTHoro KOlla - ~nHHH~ nepKoll, IT03TOMY

KYCO~K TaKHX rrocnellOBaTeJIbHOCTe~ MOry~ CnyzaTb KOllOM OT~~ llJI~

6onbilloro ~cna o6~eKToB. B [6] npKBO~KTCg npllMep npKMeHeHHn
nOCJIe~OBaTenbHOCTK llJIMH~ 1023 ~JI~ H3yqeHK~ KOnHqeCTBa OC~KOB B
oKpecTHocTK KarrbKYTT~ (oTllarreHHwe MeTeOCTaH~KK 6~Jrn 3aKOllHpOBaH~

OTpeSKaMM rrocnellOBaTerrbHOCTK llnRHW 10). Pa3HocTH~e KOll~' HCnOITb3y­
DTCg TaK3e B CKCT8Max CB~K co CITYTHHKaMH.

TIocKOnbKY rrpouecc H3MepeHKH rrOTOKa KOHOB SBJISeTCH HerrpepNBHNM
npo~eccoM (H3MepeHKe KonrreKTopHoro TOKa rrpH nOMOmH'ycHJIRTeJIS no­
CTOSHHoro TOKa), K3MepeHHs npoBollST~ B COOTBeTCTBKK co cnyqaaHoA
nocnellOBaTeJIhHOCTbD K3 Hyrre~ (perKCTpaUHg He rrpOH3BO~HTCS) H ~llH­

HKU (TOK perHcTpHpyeTC~), y~OBJIeTBOp~mea KpHTepHSM crryqa~HOCTK.

~MepeHHg npOBO~STCS cne~YDmRM 06pa30M. KorrneKTopH~ TOK KOHHOa
JIOByIDKH nocrre yCHrreHHS MHOrOillKaITbH~ YCHJrnTerreM_~npamHBaeTC~ C qa­
CTOTOA 2048 Tu, a perHCTpHpYDTC~ (noMemaDTcs B I13y) TOJThKO 1024
OTCqeTa B COOTBeTCTBHH C 3anHCaHHO~ B IT3Y nceBllocrryq~Ho~ nocrreno­
BaTeJIbHOCThD H3 H~rre~ H e~HF~n aJIHHo~ 2048 H co~epKame~ PO~HO 1024
e,nmmIJ,ht.

~HKUllOHaITbHas dnoK-cxeua ~Toro YCTpo~cTBa rrOKa3aHa Ha PRe. 6.
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