ACADEMY OF SCIENCES
OF THE USSR

SPACE
RESEARCH
INSTITUTE

PROCEEDINGS OF THE
IVth INTERNATIONAL SEMINAR

AKALEMHSAI HAYK
CCCP

HHCTHTYT
KOCMHYECKHX
HCCJIENOBAHHHA

MANUFACTURING OF SCIENTIFIC

SPACE INSTRUMENTATION

INSTRUMENTS FOR STUDYING
SPACE PLASMA AND
COSMIC RAYS

USSR, Frunze, September 18-24, 1989

Edited by V.M.Balebanov

TPY bl

'V MEXJIYHAPOJIHOTO CEMMHAPA

HAYYHOE KOCMHYECKOE
NPHBOPOCTPOEHHE

NPHBOPHI 11 HCCJIEJOBAHHS
KOCMHYECKOA MJIA3MbI H
KOCMHYECKHX JIVUEH

CCCP, ®pyuse, 18-24 ceursGps 1989

Noa peaaxuner B.M.Banebanosa



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 geophysiéal
rocket "Vertical-10" /1/, which was launched on Dec. 21, 1981 in
the Volgograd region to a height of A~-1500 km. As is shown below
these measurements can yield very interesting data on the iono-
sphere plasma behavior -on the wave processes in the ‘ionosphere,
obtained from the spectral analysis of the ion trap collector
current. These results will be described in more detgil else-
where.

The ion trap (retarding potential analyser or multigfid Fara-
day cup) measures the ion flux n.v entering the input aperture
(n - ion density, v - ion velocity relative to the trapj—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 velotity 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-10Q",
Fig.2 gives the results of spectral analysis of the "tails",
i.e., of the ion flux with E 3 6 ev in the frequency range
0..200 Hz. The collector current interrogation rate was equal

to 400 s~
amplifier with three automatically switched ranges and a sensi-
tivity of 3.3.10713
of the i,v-curve were used, acquired during 1 sec. The spectra

, the amplification was made by the direct current
A/bit. For the spectral analysis 512 points

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-
lated peak (the monochromatic wave), and the turbulization of

a monochromatic wave 1is observed - the appearance of the noise
bands and a number of 24 Hz frequency harmonics (up to 8 har-
monics). During the flight a 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 trap 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 Eame, 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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2. THE METHOD OF STOCHASTIC MEASUREMENTS

The discretization is the necessary condition of measuring a
continuous parémeter, 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 1/2At as at least two samplings are necessary for each
period. The limited frequency FN = 1/2At 1is 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,
'ZFNiF, 4Fy+F and so on. It means that if some spectrum has a
peculiarity at frequencies ZFN:F, 4FN1F and so on then as a
result of the spectral analysis this peculiarity will appear at
a frequency F in the range O.. FN’ studied. So if the necessa-
ry discretization frequency is not ensured the aliasing effect
significantly distorts the spectrum.

Stochastic discretization\ intentionally 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 one 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: te =t * By where My

are the independent uniformly distributed random values with the
mean value M, the conditions are given for sampling times se-
quence (tk). In /4/ it is shown that stochastic measurements
with the average frequency 1/p and time quantum =) are equi-
valent to the uniform sampling with the frequency fd = d/p
where d = p/y, i.e. fd = 1/y. It means that the frequency
range is expanded by 4 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 QF
THE STOCHASTIC MEASUREMENTS. METHOD IN STUDYING
THE PLASMA ION OSCILLATION SPECTRUM

This possibility is built around studying of real-time data ob-
tained with the retarding potential analysers aboard the geopﬁy-
sical rocket "Vertical-10".

Fig.4 gives a comparison of the ion current spectral density in
the frequency range 0..200 Hz calculated from "Vertical-10" data
with the use of all samples (sampling rate 400 5—1, 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.5 the dotted curve from Fig.4 (256 random saples) is com-
pared with the spectrél density calculations when the input data
have only a half of samples with a rate of 400-5—1 (256 uniform
samples). The solid curve shows a spectral density of the mea-
surements when each second sample is omitted, i.e., for uniform
sampling with a rate of 200 5"1. These measurements allow for
spectral analysis in the frequency range 0..100 Hz. Fig.5 clear-
ly demonstrates a frequency aliasing effect. The peak 126 Hz
appeared at a frequency of 74 Hz = (200-126)Hz. The dotted curve
shows the spectral density for measurements with an average fre-
quency of 200 s—1 taken not in the uniform but in random way.

In this case the frequency aliasing does not occur.
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Fig.4 Comparison of the ion current spectral density in the fre-
quency range 0.,200 Hz calculated with the use of all data
(512 values sampled with at aArate of 400 S—l) and only
half of them but with random sampling (dotted curve). The
"Vertical~10" data
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The dotted curve from Fig.4 is compared with spectral density
calculation when the input data have only a half of samples
“with a rate of 400 sce”! (256 random samples). The solid
curve shows a spectral density when each second sample is
omittéd, i.e., uniform sampling at a rate of 200 5"1. 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 height in this case i$
somewhat less and "noise" is slightly higher than in the ori-
ginal spectrum.

The appearance of "stochastic noise" is clean since the eonver-
gence velocity 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 fall off as 1/k. If the func¢tion has
a continuous first derivative the coefficients fall off as

1/k2 (k-1length of the series). In general case if the function
has a continuous m-th derivative the coefficients fall off

as 1/k™7 /s/.

‘For this reason higher than two fold telemetry reduction is not

always reasonable.

4. DESCRIPTION OF THE STOCHASTIC MEASUREMENT DEVICE
FOR STUDYING THE ION FLUX NON-UNIFORMITY 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 of the same
values should appear uniformly, i.e., a number of the subsequen-
ces of length 1 (Olor 1) should be equal N/2 and the number of
the subsequences of length 2 (00, 01, 10, 11) should be equal
N/4 and so on, where N is the period length.

The pseudc-random sequence can be made with the wse of any ge-
nerator of random numbers uniformly distributed om /0,1/ inter-
val. If the generated value is less than 0.5 then in binary se-
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quence the value should be set to 1 if it is more than 0.5 to

0 (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 theiriconstruction 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 6f7"0”
(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 the 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 functional block diagram of the device is shown in Fig.6.

RPA :

H Be-A C-A SAMPLE o

Hi l GSAIN [T ND )L\D[:s—— ‘BTG-T"M
i1 l EOHTR=O ST_DRE [HTERFACE To STO-TH
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(\. _ ——-g-v
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Fig.6 The instrument KM-6 Project ACTIVNY
Functional block-diagram of the ion current
fluctuation measurements
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CTOXACTHUYECKOE YCTPOHCTBO IJIs1 U3YUEHMS
CIIEKTPOB KOJIEBAHHH HOHOB [1JIA3MbI

B.B.Adouun, H.®.CmupHoBa
HucTuryr Kocmuueckux HccaenoBanHii AH CCCP

K.Ky6ar, S lImunays
lFeopusuueckut wucrutyr AH UCCP

1. BBEIEHVE
B 3Tol padoTe PacCMATPHBAETCH NPHMCHEHHe METOH2 CTOXacTUYEecKOH
RUCKPeTU3AUUY DY NPOBEJISHUM CIEeKTPANbHOTO aHamu3a KoNeCGaHUil MOHOB
WIa3MH, ¥3MEPAEMHX aHaMU3aTOPOM C TODMO3ANMM  MOTSHUUAJIOM U
ommMcaHWe YCTpORCTBa , KOTopoe OyheT NDUMEHEHO B KOMIJIGKCHOM
_ 9KCllepUMeHTe MO U3MEPEHMD [apaMeTPOB XOJOAHOA ILTA3MH.
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OKCIHepUMEHT ¢  aHAIOTUYHHEMK  JaTuuxkamuy OHI  [poBeleH  Ha
reodusUUECKOy paxeTe “Bepruxanb-10" [1] , xoTopas Owna zanymeHa 21
nexadps 198ir. B paftode T. Bomrorpaga Ha BHCOTY 40 ~1500kM. Kak
IOKa3aHO HUXe, B3TH UBMEpPeRUsd MOT'YyT JaTb OUEHb  HHTEPECHYD
MHPOPMALYD O MOBEASHUY UOHOCHEDHOR MIA3MH - MHPOPMALMD O BONHOBHX
npoileccax B HoHocdepe, IMOMYYEHHYDR U3  CHEKTPanbHOI'O  aHamusa
KOJJIEKTOPHOT'O TOKa JioByuwek. [lofpoGHO 3TU Pe3ynpTATH CYAYT ONUCAHH
B IpYT'OM MecTe.

lonrad mopywxa (Mnu, MUHAYE, AHANUBATOP C TOPMOZANYUM MOTEHUUAIOM
UMK MHOTOCeTOUHHR uumuHip dapanzed) usMepseT HNOTOK HOHOB NV
nonajzapiyx Ha BXOHOe oTBepcTHe ( N ~ KOHUEHTPauus HOHOB, Vv —.
CKOPOCTh MOHOB OTHOCUTENBHO JIOBYWKY ), IMO3TOMY CHEKTPaNbHHII aHAMU3
STO BeNUUKHN MOXeT IaTh CBeIeHMs JUd0 O  NPOCTPAHCTBEHHOM
paclpefeneHy HEONHOPOAHOCTEA KOHUEHTPAlUY, BHIHBAGMHX BOIHOBHMHU
npoueccamu, TG0 O 3AKOHOMEDHHX UBMEHEHUSX CKODOCTH YacCTHL (pu
NOCTOSHHOA KOHLUESHTpauuu),—- T.€., O BOJNHOBHX HNpOLECCax.

B xavecTme npuMepa Ha Puc.l moxasaHM 1Ba 9HEPTeTHYSCKUK CIeKTpa
TEIUIOBOR INIa3ME, 32PEeTUCTPUPOBAHHHE OJNHOBPEMEHHO HABYMSA -HanpaBieH-
HM B DPOTUBONONOXHHE CTODOHH (BBEPX U BHU3) MOHHNMY JNOBYWKAMYA Ha
reofusuyeckon pakere “BepTuxkanp-10“, a Ha Puc.2 - pe3yILTATH
CHEeKTPanpHOTO aHamyW3a TOKa “XBOCTOB", T.e. IOTOK2a HoHo= ¢ E26 aB
B nmonoce vyactor O0..200 Th. HacToTa ompoca KOMIEKTODHOT'O TOKa
400c“1, a YCWICHUE OCYUECTBIAIOCh YyCUIATENEeM MNOCTOSHHOTO TOKa ¢
TpeMs aBTOMATUUECKU IEeDeKIOYaeMEMH WKalaM¥ ¥ UYBCTBUTEIBHOCTED
3.3.107 138 gur. CleKTpalmbHOMY aHamusy noaRepramuch 512  Touek
BOJbT-aMIEpPHO XapaKTEPUCTUKU, T.e. UHPOPMALMA, NOJNyUEHHAd 3a HEMHO-
ruMm 6osee 1 c. B crexTpax MOHHHX IIOTOKOB UMENTCA W30JMDOBaHHHE
NUKM Ha uyacToTe 126 I'l, NpUOGNIUSUTENbHO Ha < MOpANKa NpeBHuanuue
yporeub myma (mpudopa, TM-kasama ¥ T.1.). Kpome Toro, mo wmepe
noxpeMa pPaKeTH, [IOMIMO W3OMUPOBAHHOTO ikKa (MOHOXPOMATHYECKOHN
BOMHH) | MOABIANTCA = AQEOJHUTENBHHE (Goxozpuel " IIUKH, BHIHA
TYpSanu3auii MOHOXDPOMATHUESCKOA BONHH - NOSBIEHKE WYMOBHX MONOC X
BO3HUKHOBEHMEe Ha 9TOM QOHe psaza TapMOHUK vdacTOoTH 24 Tu. (1o 8 rap-
MOHMK). 3a BpeMs NojeTa G0 monyueHo ~500cmexTpom. [UIf  IONyYSHHMA
Gonee HariamHOM KapTUHH OhJla NOCTPOeHa XDOMOCHEKTDOIDamma -
YCPeIHeHHHe CHeKTPH ¢ HedOonbWKUM CEBUI'OM IO BEepTUKANK, . KOoTopad
noxasa®a Ha Prc. 3.

TaxuMm odpa3oM, IHaHHHE MOHHOR JIOBYWKY MOTYT OHTE HUCHONBIOBAHH
IN% NONy4YeHUd KayeCTBEHHO HOBON UHPOPMAU¥M - O BOJHOBHX NpOLeEccax
B HOHOchepe.
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Ing nonydeHUs TAKUX JAHHHX HEOCXOAUMO UMETB HOCTATOUHO BHCOKYD
YaCcTOTYy ONnpoca KOMNMEeKTOPDHOI'O TOKa. Ecau MM  XOTHEM HCCIeNOoBaTh
npoueccH ¢ MakcuManbHoft wacToToff F, TO, KaK W3BECTHO, HEOGXOXUMO
MMEeThb YacTOTy onpoca He MeHee ZF, uTO TpedyeT 3HAUUTENLHOTO o0beMa
TM-undopManun.

B zanHOft padoTee ¢ UeNbD YMEHLWEHUT HEOOXOXUMOTO odbeMa TM-um-
fopManuy B 2 paza (UnM, YTO TO Xe, DaCUMPEHUd MHOIOCH HCClIeLyeMHX
YacTOT B € pas3a Npu ToM xe odseMe TM-uufopmauuul) npennaraercs uc-
[OJIL3CBATh METOX CTOXAaCTHYECKON NUCKPEeTHU3aUuM, KOTODPHN, KXaK u3-
BECTHO aBTOpaM, B BKCICDUMEHTANBHOM MPAaKTUKe WCTONLIYETCH KpaliHe
perKo.

Ha coyrunke “Axtusssii" ( sanyck 28 cemTadpa 1989r.) mnpoBomuTCs
skcnepuMeHT KM-B, B cocTas KOTOPOr'o BXOIUT INIOCKasd MOHHAR JIOBYUKA,
LIA KOTOpPOf NpPeXyCMOTPEeHO B ORHOM U3 pexuMOR padoTH npudopa

BOSMOXHOCTE HSMeDeHH! IUIS NPOBeASHUS CHeKTPalbHOTO aHanusa ToKa
HacHWerns. '

2. CYIHOCTb METOJA CTOXACTUUECKOM IVUCKPETHSAIU

HeoSXoMuMeM YCNIOBUEM NPOUECCa HU3IMEDEHHA HENpPepHBHO# BemuulHK
ABNAeTCA JNUCKpeTU3auud, T.e. IepexXoi K I[OCHeZOBATENBLHOCTY ee
2HaUeHUR , BIATHX B AUCKPETHHE MOMSHTH BPeMeHU. ECIK 3TU MOMEHTH
BpeMEeRU  pasliesieKH  DaBHHMU  [IPOMEXyTKaMH, TO UMEeeT MecTo
nepuonryecKas UIH IeTepMMHEMDOBAHHAA IMCKDETHUSALMA.

Ecniy B 3TOM cliyyae IOpH HCCHEAOBAHMM KaKoro-jaudo npouecca
AXCKpPeTH3anyud OPOBOJKUTCS C WArOM NO mpeMeHn At , To B pesynsTare
CNEKTPaNibHOTO aHaNU3a HEeBO3MOXHO OCHApYAUTh YACTOTH, CONbiiHe, ueM
1/2At, Tax xax HeoCXoJuUMO , IO kxpaftHeft Mepe, OBa HalnLISHUS Ha
nepuox. llpegenpHas | BeJUYMHA FN=1/2At . Hal3HBaeTcd  YacToToi
HanxsucTa. CymecTBeHHHM HENOCTATKOM NEPHOZNUECKOH IUCKpeTH3aluuu B
ciiyuyae, HaIDEMeD, CHEeKTPalbHOTO aHanusa, ABIAeTCd Tax HalHBaeMul
30PeKT HAJNOKEHUA YACTOT, BaKADUADUKRCH B TOM, YTO INPU OPOBEREHUX
CNEKTPafbHOIO RHANU32 HEeBO3MOXHO PaBIUUKTEL YacTOTH F, ZFNiF,.4FNiF
¥ T.A. 9TO O3HauaeT, YTO eCiH B CHeKTpPe uMeeTCH OCOCEHHOCT: Ha
YacroTax EFNiF,4FNiF ¥ T.X., TO IpPH IPOBEISHUHM CHEKTPaJbLHOIO
AHaNE32 OHa [POABUTCHA B UCCIEAYyeMOM Xuanas3oHe YacToT 0..FN Ha
yactoTe F. JloaToMy, ecnu He yhaeTcd odecHeudTh HeOOXOLUMYD 4YacTOTY
IXCKpeTHzauuu, To 3PPeKT HaJNOXeHUS UYacTOT SHAUUTENBHO -~UCKaxaeT
CHeKTP.

CroxacTHyecKas  [OUCKpDeTH3aUMd  [peinosaraeTt npelEaMepeHHoe
BBEJleHHE CIyuYafHocTH B npolecc usmepesut. . [lpg  cToxacTuueckon
EMCKPETH3AUME MOMEHTH BPEeMeHH, B KOTOPHX H3MEepAeTCsd HenpePHBHHR
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CHTHAJN , pa3jelleHH He NOCTOAHHHMM, a CIyYafiHHMH [IPOMeXyTKaMmu
BPDEMEHH.

CroxacTiyeckas IUCKDETH3AUUi  MO3BONAET YCTPaHUTE sddexT
HanoxeHUs YacTOT INPM  OTHOCUTENbHO  HUSKOR  cpenHeft  yacToTe
IACKpeTH3auuu. MeTON CTOXacCTUUECKON RUCKPeTHU3ALUU XOpOoWOo OHUCAH B
(2], ¥ TaM xe uUMeeTCsd NOCTATOUHO NOAPOCHas CUCIUOTPadus.

[lpy cTroxacTUUeCKOff JAUCKpeTHU3alUUK MHTepBan BpemeHu Al amnsgercs
He NOCTOAHHON, a ciayuvanHoi semuurHolr. B [3] pexomeHAyeTCs MOMEHTH
LUCKPEeTU3aUUK ONpeleNaTs 1o fopMmylne tk=tk+yk. THe . - He3aBUCUMHE,
ONMHAKOBO pacIlpellefeHHHe CIyuvalHhe BeNUUMHH CO CpPejHUM 3HAYeHHEM
{, ¥ IPUBOLSATCS YCHOBUA, KOTODHM IONXEH YIOBNIETBOPATL IOTOK TOYEK
TUCKpeTHIAUUN {tk}. B (4] rmoxaszaHo, UTO CTOXacTUYECKAd AUCKPETH-
3auus.  co cpefrelt yactoTolt 1/u ¥ KBAHTOM BPEeMEHM v B lpelene 5KBU-
BasieHTHA DPaBHOMEDHOR RUCKPETU3AlUUM C YacTOTOHU fd=d/p , TRe d=uv,
T.e. {1, CnepcpaTenbHO, IOJNOCA YaCTCT pacuupiercd B d pas.

Mnes MeToda CTOX2CTUUECKOR JUCKPeTUZAUMM BOBHUKNIA JOCTATOUYHO
nasHo (MOXHO yKasaTb Ha padoTH cZ0-JleTHell JaBHOCTH), HO TeM He
MSHee B IIPAaKTHKEe KOCMHYECKUX HCCHeNOBAHKN 3TCT METOJ INpuMeHsdeTcd
KpafiHe penxo. . YacTHUHO 3TO MOxXeT ONTE CBA3QHO C TeM , uTO
NpelHaMepeHKOe BRBEJeHUe CNYUYafHOCTH B U3MEDEHUA MOXeT IPUBECTH Kak
K NONOXUTENbLHHM, TaK ¥ K Pe3KO OTPUUATEeNbHHM pesynabTaTaM I[P ero
GopMaNBEHOM UCHONB30BAHUMU. MlozTOMy  CTOXacCTUYECKHE  yCTpo#CTBAa
HeoOXOf¥MO paspadaTiBaTh C YYETOM XapakTepa U3MepsAeMBX BeJMYHH.

B namHofi padoTe npefnaraeTcs NPUMEHUTL MeTOX CTOXaCTUUYeCKOon
IACKpeTHZalu¥ ¢ Uenph 3koHoMum TM-uudopMauny B JABa pasa Inupy
nepenave NAHHNX, NONYYeHEHX IIPY TOMONM aHANU3ATOPA € TOPMO3AUMM
HOTEHUKANOM, IJIs NMPOBELEHUM CIEXTPaNbHOT'O aHaiuza KojedaHu#t HOHOB
IJIa3MH.

3. [[POBEPKA BO3MOXHOCTY PEAJMSALIVM METONA CTOXACTUYECKOHM
JVICKPETUSAIVMM ISl MBYYEHUA CIIEKTPOB KOJEBAHU WOHOB ILTIASMH

BO3MOXHOCTD peanu3all¥yi ITOT'C MeToLa OCHOBHBAeTCA Ha HUCCiAeioBa-
HUE peanbHORt uMHPODMaUMU, MONYYEeHHOH IIpY [OMOWUM aHaIu3aTopoB C
TOPMO3AUMM NMOTEHLHUANOM Ha reodusuueckofl paxere “Beprurame-10".

Ha Puc.4 npoBefleHO CpaBHEHUEe PEe3YNbTAaTOB BHUUCIEHHS CHIeKTpalb-
HOl TUTOTHOCTHM HOHHOI'O TOKa MO JaHHMM ¢ pakeTs “BepTuxans-10" B mo-
moce yactoT O..200 Tu ¢ Mcnonb3oBaHueM Bcex usMepeHuft (¢ yacToTOH
4C0 ¢ '1, 512 naMepeHufl) ¥ NONOBMHH, HO B3ATHX CJHy4YafiHOo (IyHKTUP-
Hag Kpupas). CnexTpanbHad MIOTHOCTE ONpelendnach MeTOROM bIId.

Ha Puc.S nyuxTupHas kpuBag ¢ Puc.4 (256 wusMepeHutt, cryjyansas
BHOODKa) CpaBHKHBaeTCH C pe3yAbTaTaMu BHUUCTEHUS  CHNEKTPaibHON
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Puc. 4. .CpaBHeHMe pe3yNLTATOR BHUUCIEHUA CNEKTPAILHOR MNOTHOCTH MOHHOT'G TOKA NO
RaHHHM “Beprukamp-10" B mnonoce wacror 0..200 Tu ¢ wHcnofb3OBaHMEM RBcex
usmepennll (c yacrorof 400 m’l, 012 nanepenil) M NONOBMHM, HO BIATHA CAYHaRHO
(NyHKTHPHAA KpKBas) :
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Prc. 5. NynxkTupHaa kpupags c Puc.4 - 256 wusMepeHufl, cnyua#isad Buoopka -

CPaBHHBAeTCA C DPESYNbTATaM¥ BHUMCIAGRUA CIEKTPANbHOR RNOTHOCTK N[O TaKOMy Xe
KOMKMYECTRY W3MepeHut ¢ paBHOMepHOR mucKpeTHsauMefl. fiBHO BuNieH 30PEKT HaNOXEHMS
QacTOT B CYYae PABHOMEPHOR HUCKPeTH3aUMK ‘
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IIOTHOCTH, KOTAR B JAHHHX COREPXATCA TOJLKO MONOBHHA USMEPEHUR ¢
uacToToR 400 ¢ 1 (256 K3MEeDeHUt, PpABHOMEpHAad IHUCKDETH3aUMWd C
YactToTolh 200 ¢ "1) - cnnomHad NUHMA. Takue UIMEPeHUSs NO3BOASDT
OpOBECTH CHeKPanbHMI aganus B nonoce yactor 0..100 I'm. Ha Pue.5 -
ABHO JeMOHCTpUpYeTcs S@PexT HanoxeHMS yacToT. [lMk 126T1U nonagaer
Ha dactoTy T7ATu=(200-126) Tw. [lyHKTHDOM 0GCO3HauyeHa CHeKTpanbHas
NIOTHOCTD, KOTHA W3MEPEHMS depyTcs Co'CpefHeft wacToToft 200 ¢ -,
HO He PaBHOMEDHO, 2 CNyvafiHHM odpasoM. B 3ToM ciyuyae HanoxeHus
YacTOT B CHOEKTPe He NPOHCXORMT.

Kax BUFHO M3 3THX DUCYHKOB, MpHMEeHeHNe MeTOla CTOXaCTHYeCKOl
EUCKPeTH3alUY NO3BONAST INONYYHTh NPaKTHUYECKU TOT Xe Pe3yiabTaT, HO
OpHM MEeHBUEM B 2 pasa komuuecTse TM-umudopmauuu. I[Ipm 3TOM BHCOTa
OAK2 BECKONBKO MeHbUie, a "“muyM“ ciaerka BhWe, YeM B NCXOLHOM
cneKTpe.

BosEuKHOBEHHE “CTOXaCTHUECKOr'o myMa“ HOHATHO, TaK KaK CKOPOCTH
CXOEHMOCTH pafa Odypbe  onpemenseTcs TNAgKOCTBD  QYHKUMM  Ha
ZeficTBHTeNbHOR ocU. $yHKUUM C NPOCTHMHM Pa3pHBaMi ¥ NPAMONMHEAHHMU
YUACTKaMi MexXAYy paspeuBaMy JapT paind dyppe ¢ koadduuueHTamu,
youBabmuME Kak 1k, a KoPUUMEHTH pANOB ANd HENDEepHBHHX JIOMAHHX
youBapT kak 1/k~ (k - a pspa). B oduem cinyvae — ko3dPUUMEHTH
dypre youpanT kak 1/k®'% gng gymEkumht, Y KOTOPHX m-f NPOU3BOAHAS

Kycouso HenpepusHa (cM. [5]1). [lo aToff npyuuHe DHUCKOBAHHO 3IKOHOMUTH
TeneMeTpun donblle, 4YeM B AB2 pasa.

4. OIIACAHME CTOXACTWMECKOI'O YCTPOMCTBA JUIA MSYUEHUA HEOIHOPOAHOCTER
[OTOKA MOHOB B MOHOCSEPE

[ipEBeieM oueHb KpPaTKOEe ONUCaHMe YCTpPORCTB2 ANAd  H3YUEHHH
HEeORHOPORHOCTE# NOTOK2 HOHOB B HOHocfepe ¢  HCHOALIOBAHHUEM
CTOXaCTHYECKOR AHCKPCTE3ANKH:

B »aToM ycwpoﬁérne H3MEepeHRs , NpeAHasHaueHHHe INA OpOoBeAeHUsS
CISKTPaNBHOrC aHAUM3a KONeCaHW# HOHOB NIA3MH, KORMPYPTCH C HCHONb-
B0B3aEUEM CTOXaCTHYESCKOR AMCKPETH3IAUUU.

g noaydeHAS CIydaltHo# BHOOPKY H3MEpeHUll UCHONBb3YeTCs HOoCIeno-
BaTeNbHOCTh M3 Eylef ¥  €RUHUL,  YAOBNETBODPADNAS  KPUTEpPHAM
- CTyYaNHOCTH. :

[lcerpocnyuatBas JBOMuUEasd DOCNEROBATENBLHOCThL HONXHA CONEPXaTh B
KaxnOM NEepHORe MONOBUHY Hyneft U eXMHMI, NpUYEeM NOCNeAOBaTeNbHOCTH
w3 oxauBaxoBHX uudp (cepufl) JONXHN BCTpeYaThCAd pPaBHOMEpPHO, T.e.
xoymeyecTBOo cepuft mmuuy 1 (0 mmt 1) gpoaxso OuwTh N/2, KOAM4eCTBO




- 65 -

cepuft pmuuy ¢ (00, 01, 10, 11) gomzwo Owrte N4 u T.Z., r1I¢ N -~
IIUHa [lepHofa MNOCHeloBaTEelbHOCTH.

liceBnocnyyailHyo ABOMYHYD MOCCHOBATENBHOCTH MOXHO OGpPasoBaTh ¢
oMomsp  JNGOTO  TeHepaTopa ciayvdafiueXx - uucern, PaBHOMEPHO
pacupefeneHHsX Ha oTpeske [0,11. Ecim reHepupyeTcs crmyuafiHoe
uKcyao, MeHbllee 0,5 ,TO B ABOUYHOR MOCIENOBATENLHOCTH HANO HAIKCATh
1, a ecmx dompuwee 0,5 , To QO (unx HaodopoT). Ecau nocnenosaTenb-
HOCTDB, OCPa3ORaHHAA TAKUM OCpa3oM, NOCTATOUHO NIMHHAA, TO AL Hee
OYyILyT BHIIONHATLCA BCE KDUTEDHH cayvafiHocTd. CymecTBYDT LBOUYHHE
NOCNeNOBATSLHOCTH, KOTODHE YIORBRIETBODADT KPUTEPUAM CIYy4allHOCTH IO
nocTtpoerup. Hanpumep, PasHOCTHHE KOIH, CIOCOC IMOCTPOSHUS KOTODHX
uznoxex 3 [6,7,8].

OcHOBHOE CEBO#CTBO Da3SHOCTHOTO KOZa — INUHHHE HepHOX, NO3ITOMY
KYCOUK# TaKUX I[OC/eJOBATENBHOCTE MOTYT CIYXUTL KOZOM OTHUYKA INd
Gonplioro uucyia odwexToB. B [6] npumopuTes npuMep NpMMEHEHUS
NOCnenOoBATeNbHOCTY ZMMEN 1023 ANnd M3yUeHHd KONMUYECTBA OCAZKOB B
okpecTHoCTY KanbxyTTH (OTHaNeHHHNE MeTEOCTAHUNY OHIM 3aKOLMPOBAHH
OTpe3KaMil NOC/ISeOBATeNBHOCTY AMMHH 10). PasHOCTHHe KOIW - UCHOmb3y-
DTCA TakxXe B CHCTEMaX CBS3M CO CHYTHMKAMH.

[lockoMBKy NpoUecC H3MEeDSHUA IOTOKa UOHOB dABIAETCH HEUpPepDHBHEM
mpoleccoM (K3MEpeHMEe KOJISKTOPHOTO TOKA HDPHM NOMOWM YCHINTENd KO-~
CTOSHHOTO TOKa), W3MEepeHUd NPOBOIATCH B COOTBETCTBUU CO cCiydaftHoft
NOCNeROBaTeNbHOCTED U3 Hynelt (perscTpauusd He NPOUIBOLUTCH) U enu-
Eny (TOK perucTpupyercs), YIOBRISTBOPADWLEH KDUTESPUAM CIYyUYalHOCTH.

ViamepeHUd NPOBOXATCH CHEAYDEAM OCpa3oM. KOMMEeKTODHHE TOK UOHHON
NOBYWKHK [OGCNEe YCWISHUS MHOTOQUWKANBHEM YCHIKTEJIeM ONpalliBaeTcd ¢ 4a-
cToTolt 2048 Tu, a perucrpupynrTcs (nomemantes B II3Y) Tomsxo 1024
OTCUETa B COOTBETCTBMM ¢ manucairof » [[3Y ncebpocnyvyaidHON Nocneno-
BATeNLHOCTLD U3 Hyned ¥ exumuy MMHOK 2048 u cogepszameli popro 1024
SIUHMIH.

dyuxinoHanbias GI0OK-CXeMa 3TOI'O yCTpodcTBa NoxasaHa Ha Puc. 6.

iill = = gxena £TD-TH
: ;II ‘ vewwTens u (| urpabasereis I Eiﬁgg‘m‘f —1 ALLM wirepgeac [ CTO-TH
‘s woprdoan i yCuITeN
faTuux
flaocrsH uorFHaOR
robywxa
[l =YW s = @ it G bt 5
NpuSop KM—-6 !
(mMpoaxT ~M a3yd n3ay PTDWH::>MC4M
TAKTUBHBIN ) NSC-600 10 Kdoar 10 Kdaar LHTEDGaC | 8 dur napp.)

Puc. 6. YnpouerHon Jnok-CxeMa UBMEPEHUR PAYKTYAUUD UOHHOZO TOKC
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